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GENERAL REPORT.

I

The following report comprises the general work of the State

Board of Health of Massachusetts for the year ending Sept. 30,

1893.

The following are the subjects embraced in this report :
—

Report to the Legislature upon Water Supply and Sewerage, includ-

ing THE Advice of the Board given under the Provisions of Chapter
375 OF THE Acts of 1888.

SuMMARr OF Weekly Mortality Returns from Cities and Towns.

Reports of Infectious Diseases.

Reports upon Food and Drug Inspection.

Infectious Disease Hospitals.

Health of Towns.

The following members comprised the Board in 1893 :
—

Henry P. Walcott, Chairman.

Frank W. Draper.

Hiram F. Mills.

EujAH U. Jones.

Joseph \V'. Hastings.

Gerard C. Tobey.

Morris Schaff.

I

J. H. Raymond resigned in January, and G. C. Tobey of Ware-

ham was appointed in his place.

General Schaff resigned in August, 1893, and J. W. Hull of Pitts-

field was appointed in his place.

Dr. Elijah U. Jones of Taunton died in November, 1893. He had

been a member of the Board since its reorganization in 1886, and

had taken a deep and continued interest in the work of the Board

from the be2:innino: of his connection with it.

C. H. Porter of Quincy was appointed in February, 1894, to fill

the place made vacant by the death of Dr. Jones.
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Infectious Diseases.

Smalhpox.

During the ten years ending with 1892, the State had been com-

paratively exempt from small-pox, the average annual number of

deaths from this cause in the State for the ten years 1883-92 being

less than five, or two and one-half per million inhabitants ; and, while

the same statement of exemption is true of nearly all of the United

States for the same period, it is almost unparalleled in the experience

of any foreign country except Germany and Sweden.

The following table presents the comparative mortality of several

countries from this cause for a period of four years :
—

Average Annual Mortaliiy jrom Small-jwx per Million Inhabitants, 1S86-1889-,

Four Years.

COUNTRIES.
Annual Death-rate per

Million Inhabitants

from Small-pox.

Germany,
Sweden,
Belgium,
Great Britain,

Italy, .

Holland,
Austria,

Russia (European),
Switzerland,
Spain, .

Massachusetts,

3.6
0.9

1G4.0
15.0

536.0
5.7

471.0
231.0
18.5

963.0
2.1*

* The epidemic of 1803-94 increaseB this average to about 3.6 per million inhabitants for a period of

ten years.

The unusual immunity of Germany, with a population of nearly

fifty millions, surrounded and menaced by countries with an almost

con.stant prevalence of small-pox, is undoubtedly due largely to the

excellence of its vaccination laws and the thorough manner of their

enforcement.

In 1883 a statute was enacted in Massachusetts requiring that

every case of small-pox should be, reported to the State Board of

Hoaltli. Soon after the cnuclm(;nt of tliis statute a circular was

I)rei)ared in which not only the fact of tlie existence of the disease

was recognized but also other facts which were deemed essential to a

complete record.
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From these notices the following statistics are compiled for the

nine years ending with 1893 :
—

Small-pox in Massachusetts, 18S5-1893.
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Becord oj Cases of Small-pox reported to the State Board of Health during the

Tear 1S93, U7ider the Provisions of Chapter 138 of the Acts of 1883.

^~~
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State during the past twenty-five years in which cases have not

occurred in considerable numbers in such cities and towns, and

while only two of the persons in the foregoing list are reported as

being employed in handling rags, several of the others are known to

have lived in the same families or tenements with persons so

employed.

Ten only out of the forty-four are reported as having been ot

American birth.

Out of the whole number 25 or 56.8 per cent, were females, a

circumstance which is quite unusual since the majority of cases ara

commonly men.

Of the whole number, 8 were under five years of age, 6 were

school-children or children of school age, eight to fourteen years,

and of these, 3 were unvaccinated.

Vaccination.— In consequence of the unusual prevalence of small-

pox during the past season it seems proper to state some of the

principles relating to vaccination as clearly as possible.

The experience of nearly a century with vaccination has demon-

strated its protective power beyond a reasonable doubt. This

power, however, is not absolute, nor does it continue throughout

adult life. Hence it is desirable that revaccination should be per-

formed at or before the period of puberty.

The provisions of the German law aff"ord a very good rule in this

respect. It is therein required that every child shall be vaccinated

before the September of the year following its birth, and that every

,
school-child shall be re-vaccinated during its twelfth year.

The result of the enactment of this law in 1874 has been the almost

complete extinction of small-pox in Germany since that date. Irk

the six largest cities of the empire the mortality from small-pox was

reduced from 92 per 100,000 of the population to 1.4 in the ten

years after the enactment ot the law.

The opposition to the practice of vaccination is by no means

new. It is coeval with the discovery of this extremely valuable

means of disease prevention, and the past century has developed

nothing new on the part of its opponents, while vaccination itself

has received the strongest sup[)ort in the brilliant researches of

Pasteur and others in the direction of protective inoculation for

other diseases.

The first secretary of the State Board of Health, Dr. Derby, said

of vaccination :—
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We may turn the question with ingenious skill, so that its many facets

shall reflect a multitude of curious lights, and after all we find that we rest

in a security against this most horrid pestilence unknown to former gener-

ations.

The operation of vaccination should always be conducted with the

greatest care. The following rules (modified from those of the

Local Government Board of England) may be observed with advan-

tage :
—

1

.

In the vaccination of infants ascertain that there is not any febrile

condition, or irritation of the bowels, or an unhealthy state of the skin

;

especially any chafing or eczema behind the ears or in the groin, or else-

where in the folds of the skin. Where there has been recent exposure to

the infection of measles or scarlet-fever, and where erysipelas prevails in

the place of residence, vaccination should be delayed for a month, or until

danger of other infection has passed.

2. In all ordinary cases of primar}^ vaccination, make at least two in-

sertions of lymph not less than a half inch apart. It is desirable that the

total area of vesiculatiou on the same day of the week following the vacci-

nation should amount to not less than a half of a square inch.

3. Direct that care be taken for keeping the vesicles uninjured during

their progress, and for avoiding the premature removal of the crusts. Do
not use any needless means of " protection" or of "dressing" to a vac-

cinated arm ; but, if in a particular case, you find reason for means of

" protection" or of " dressing," define the material and the manner of use

of the appliances best adapted to the case, avoiding all such as cannot be

readily destroyed and replaced whenever they become soiled.

4. Keep a careful record of vaccinations, in which may be placed the fol-

lowing items : date of vaccination, name, age and sex of child, character

and source of lymph used, number of insertions, result of inspection at

end of a week, remarks, abnormal appearances, etc.

Record as " successful" only those cases in which a normal vesicle has

been produced. In cases of revaccination record as successful only those

cases in which either vesicles, normal or modified, or papules surrounded

by areol.'c, have resulted.

5. Use bovine lymph preferably. In times of epidemics of small-pox,

and especially in cases where persons about to be vaccinated have been

recently exposed to small-pox, the age of the lymph (tiirie since it was

taken from tlie animal) should be definitely ascertained, and in such cases

recent lympli should always be employed in preference to that which is

more than ten days old. If bovine lymph cannot be ol)tainc(l and the

lymph from a healthy infant taken on the seventh day after vaccination

can be had, this may be used. Humanized lymph should never be taken
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from cases of revaccination, but invariably from a primary case and from

an infant in good health and of healthy parentage.

6. Keep in good condition the lancets or other instruments employed

for vaccination and use them for no other purpose.

"When vaccinating, have a clean napkin and a glass of water containing a

disinfectant at your side, with which invariably cleanse the lancet after

each operation before proceeding to another. Dipping the lancet in strong

alcohol and immediately passing it through the flame of a lamp undoubtedly

serves to sterilize it.

Never use an ivory point a second time either for the conveyance or for

the storage of lympli, but when they have been put to their proper use,

break or otherwise destroy them.

" The best results, on the whole, are those which follow the plan of

scarification or abrasion."— Seaton.

The greatest care should be taken in performing the operation to secure

aseptic conditions, in other words, absolute cleanliness. For this purpose

the place of insertion, preferably the outer and anterior part of the arm

from three to five inches below the bend of the shoulder, should be washed

with soap and water and then wiped dry.

Scarify or lightly abrade the surface in at least two places about an inch

apart, until the scarified spots appear slightly red and moist, but not enough

to draw blood freelj'.

Moisten the ivory slips slightly at the points with pure water, and wipe

off the lymph upon the scarified places, using at least two points for each

person vaccinated.

Never use one point for two persons.

The after treatment : If any blood remains at the points of insertion it

should be allowed to dry, and should not be washed off until the third

morning after vaccination, when it may be removed by washing gently with

a little pure warm water and a clean flannel or linen cloth. After this, a

clean piece of soft linen may be sewed around the arm to prevent the sleeve

from chafing the vesicles. This should be changed daily.

7. The vaccinator should in all cases require that each vaccinated person

should appear at the end of a week for inspection, and especially in each

case of primary vaccination, if the operation proves ineffectual, the vacci-

nation should be i-epeated with fresh lymph.

Oaseft of Doubtful Diagnosis. — In all of the comparatively slight

epidemics of small-pox which have occurred in recent years there has

been a considerable number of cases in which the diagnosis, especi-

ally in the early stage of the disease, was more or less involved in

doubt, and this was particularly true of those cases which occurred

in the practice of young physicians who have entered upon practice

since the epidemic of 1872-73.
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Cases of measles, of chicken-pox, as well as some of the ordinary

forms of skin diseases, have been mistaken for small-pox, while

cases of genuine variola have been reported as chicken-pox, measles,

etc. This tact is not to be wondered at when it is known that small-

pox has been of such rare occurrence during the twenty years inter-

vening between 1873 and 1893 that probably not one physician in

a hundred in the State has met with a sinHe case during that

time.

In consequence of this fact it is desirable that au}^ doubtful cases

occurring in the practice of physicians who are not familiar with the

natural history of the disease should be examined in consultation

with a physician who has had experience in such cases. Much
doubt and much annoyance to communities where such cases may
occur may thus be avoided, and in some instances serious outbreaks

may be prevented.

Other Infectious Diseases.

From such reports as have been received from local boards of

health during 1893 it apf)ears that the prevalence of diphtheria and

typhoid fever has differed but little in severity from that of the pre-

vious year. The number of reported cases and deaths from each of

these causes was but little greater for each disease.

From scarlet fever the reported cases and deaths were much

larger in number than those of either 1891 or 1892.

From measles the cases and deaths were greater than those of

1891 and very largely in excess of those of 1892.

The statistics giving the number of reported cases and of reported

deaths, together with the ratios of fatality, may be found at page

741, under the head of Health of Towns.

Many requests were received during the year for advice in regard

to the management and control of infectious diseases, and visits

were made to Provincetown, Ncwburyport, Ludlow, Somcrville,

Dalton, Hanover, Douglas, Falmouth, Rowley, Topsfield and other

places for the purpose of investigating local outbreaks of typhoid

fever, scarlet fever and diphtheria, and for affording such assistanco

to local boards of health as it was in the power of the State Board

to give.
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Notification of Infectious Diseases.

Among the different measures employed by sanitary authorities

for tlie prevention of the spread of infectious diseases, the notifica-

tion of the occurrence of such diseases now occupies a prominent

place. Municipal authorities especially should have the requisite

power everywhere to require immediate notice to be given them of

every fresh outbreak of diseases dangerous to the public health in

order that such authorities may take proper measures for the protec-

tion of the community.

The chief advantages of a system of notification lie in the pos-

sibility which is thus given to a local board of health to determine

the extent of prevalence of an epidemic or a localized outbreak, and

to inquire into the local causes which have operated to produce it.

The board can then act intelligently in applying the proper remedies

for preventing its further spread.

Laws enacted with this object in view have been in force in the

older States for many years, but not until within the past ten or

twenty years have pains been taken to execute such statutes with

such degree of efficiency as to make them really protective. The

law requiring the householder to report- each case of dangerous

disease to the local authority was enacted in Massachusetts in 1792,

and that which requires the same duty on the part of the attending

physician was enacted in 1827.

There can be no doubt that the law relative to notification has

been productive of excellent results in the prevention of disease,

especially in the cities and large towns. It has furnished the local

boards of health with the necessary information relative to the origin

of outbreaks of infectious disease, and in many instances enabled

them to take timely steps for preventing its further spread. The

law of 1884 requiring local boards to keep records upon this im-

portant matter has furnished information as to the prevalence of

certain diseases in the principal cities and towns of the State, and

has enabled school authorities to guard against the introduction and

spread of contagious diseases in the pul)lic schools by means of the

provision which requires the local board of health to notify the

school committee of the occurrence of all cases of such contagious

disease. In the smaller towns it is probable that instances of failure

to compl}' with the provisions of the statute are much more frequent

than they are in cities.
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The statutes referred to in the foregoing comments are as fol-

lows :
—

[Public Statutes, Chaptek 80, Section 78; Acts of 1884, Chapter 98, and Acts of 1891,

Chapter 188.]

(1,) When a householder knows that a person within his family is sick

of small-pox, diphtheria, scarlet fever or any other disease dangerous to

the public health, he shall immediately give notice thereof to the selectmen

or board of health of the town in which he dwells, and upon the death,

recovery or removal of such person, the rooms occupied and the articles

used by him shall be disinfected by such householder in a manner approved

by the board of health. Any person neglecting or refusing to comply with

either of the above provisions shall forfeit a sum not exceeding one hundred

dollars.

(2.) When a physician knows that a person whom he is called to visit is

infected with small-pox, diphtheria, scarlet fever or any other disease

dangerous to public health, he shall immediately give notice thereof in

writing, over his own signature, to the selectmen or board of health of the

town ; and if he refuses or neglects to give such notice he shall forfeit for

each offence not less than fifty nor more than two hundred dollars.

(3.) The boards of health in the several cities and towns shall cause a

record to be kept of all reports received in pursuance of the preceding sec-

tions, and such record shall contain the names of all persons who are sick,

the localities in which they live, the diseases with which they are affected,

together with the date and the names of the persons reporting any such

cases. The boards of health shall give the school committee immediate

information of all cases of contagious diseases reported to them according

to the provisions of this act.

(4.) The secretary of the Commonwealth shall furnish the boards of

health witli bhank books for the record of cases of contagious diseases as

above provided.

As an additional measure in the same direction the Legislature of

1893 enacted the following law, requiring that contagious diseases

reported to the local boards of health shall, in turn, be reported by

them to the State Board of Health :
—

[Ciiapteu 302 OF the Acts op 1803.]

(1.) When the board of health of any city or town has had notice of

the occurrence of a case of small-pox or any other disease dangerous to

the puljhc health in such city or town, such board of health shall, within

twenty-four hours after the receipt of sucii notice, notify the State Board

of Health of the same.

(2.) If the board of health of the city or town, in wliich a case of small-

pox or any other disease dangerous to the public health has occurred,
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refuses or neglects to send a notice as required in section one, such city or

town shall forfeit its claim upon the Commonwealth for the payment of any

expenses which may be incurred as provided in section eighty-three of

chapter eighty of the Public Statutes.

This recent law went into eifect in June, 1893, but very few returns

in compliance with its provisions were received by the State Board

of Health until after public notice had been given by the Board by

means of a circular which was distributed to every Board of Health

throughout the State.

As the '
' diseases dangerous to the public health " were not speci-

fied in the foregoing act, with the exception of small-pox, the Board

deemed it desirable for the sake of securing uniform action on the

part of local boards, that some definite expression of opinion should

be made as to the meaning of the term " other diseases dangerous to

the public health."

Hence, in the circular named above, the Board suggested that, in

addition to small-j>ox, the following diseases shall be considered as

dangerous to the public health within the meaning of the foregoing

act : scarletfever , measles, tijplioid fever, dipldJieria, memhranoiis

croup, cholera, yellow fever, typhus fever, cerebrospinal meningitis,

hydrophobia, malignant pustule, leprosy and trichinosis.

A supply of postal blanks was forwarded with the circular for the

purpose of enabling local boards of health to comply with the terms

of the act.

Various attempts have been made in England to enact a similar

statute, but these efforts were unsuccessful until 1889. By the

terms of the law then enacted the notification of infectious diseases

to the sanitary authority was made compulsory throughout London,

while the principle of local option was applied to all other districts.

During the year in which this bill was under consideration by

Parliament, intense opposition had been manifested by many of the

members of the medical profession throughout England. Objections

were ottered not only by the people, but also by the medical profes-

sion, but the bill passed and linally became a law.

The fallacy of the objections has been abundantly proven by the

three 3'ears' experience of the towns of England where the Notifica-

tion Act has been adopted. The notification of each case is made by

a certificate furnished by the attending physician, for which a fee of

two shillings and sixpence is paid, except in a case where the person
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giving the certificate is the medical officer of a public institution,

when the fee is one shilling.

The diseases to which this act applies are small-pox, cholera, diph-

theria, membranous croup, erysipelas^ scarlet-fever, typhus, typhoid

and puerperal fevers, and any other infectious disease which may be

added to this list by the sanitary authority of a district.

Up to the year 1892, the act had been adopted in 1,051 districts,

having an aggregate population of nearl}^ sixteen millions, to which

should be added the population of Loudon and fifty towns in which

local acts made it compulsory, making in all a population of 24,-

012,399 over which the act was in force, out of a total of 29,001,018.

In a few towns the sanitary authorities had availed themselves of the

power to require notification in the case of measles, rothein, chicken-

pox and hydrophobia.

Further information as to the details of the operation of the statute

of 1893 may be found upon page 639.

Offensive Trades.

Under the provisions of the acts relating to noxious and offensive

trades the State Board of Health is authorized to hear parties making

complaints, and when "in the judgment of the Board the public

health or the public comfort and convenience require, the Board

may order any person to desist and cease from further carrying on

said trades or occupations." No applications under this act were

received during the year, but visits and inspections were made at

the request of local boards of health in two instances, where render-

ino: works were being conducted.

The Board's Exhibit at the Columbian Exposition (1893).

The subject of public hygiene was represented at the Columbian

Exposition at Chicago by exhibitions of the work of State and local

boards of health. The exhibits of this important department of

public work were installed in the Anthropological Building, in the

south part of Jackson Park. Of these exhibits none created greater

or more favorable comment than that of the State Board of Health

of Massachusetts.

It is proper that some account of the exhibition should be made a

matter of public record in this report of work for the year 1893.

A communication was received Sept. 24, 1892, from the superin-

tendent of the Bureau of Hygiene and Sanitation of the Department
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of Liberal Arts of the Columbian Exposition, calling the attention

of the Board to the opportunity that would be given at the Fair for

placing before the public the work of State boards of health in the

prevention of infectious diseases, and at the same time asking whether

the Board desired to be represented at the Exposition.

At a later date (Dec. 28, 1892) further information was received

upon the subject, together with a blank form of application for

allotment of space in which to install the exhibit of the Board.

At the next meeting of the Board (January, 1893) it was voted

to ask for 1,200 square feet of space for the Board's exhibit.

The Board was informed that, in consequence of the fact that only

10,000 feet could be devoted to the whole sul)ject of hygiene and

sanitation in the United States, it would be impossible to allbrd an

eighth of it to the State of Massachusetts. It was therefore finally

decided to grant the Board 500 feet of space for its purpose. To
this space were ultimately added 120 square feet.

An appropriation had already been provided by the Legislature

to defray the expenses of such representations as might be made at

the Exposition by different departments of the State government,

and the sum of $4,000 was set aside for the exhibit of the State

Board of Plealth. The Board then directed that an exhibit should

be prepared representing the progress of public hygiene in the

State.

The exhibit consisted of the following items :
—

General Sanitary Work of the Board.

Complete set of reports of State Board of Health from 1869 to 1891.

Special reports of the Board, circulars upon infectious diseases and other

health topics, sets of blank forms and manual of health laws.

Reports of city boards of health of Massachusetts for the year 1892.

Charts and Diagrams illustrating the Following Subjects.

The death-rate of Massachusetts for a series of years.

Effect of density of population on the general death rate.

Effect of density of population on the death rate from each of the follow-

ing diseases (for twenty years, 1871-90) : ^Measles, scarlet fever,

diphtheria, small-pox, typhoid fever, cholera infantum, consumption

and pneumonia.

Improvement in registration.

Decline in death rates from certain causes.

Seasonal mortality in Massachusetts.
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Geographical Distribution of Eight Diseases.

Eight maps showing the comparative mortality from measles, scarlet fever,.

diphtheria, small-pox, typhoid fever, cholera infantum, phthisis and

pneumonia.

Diagrams and maps illustrating epidemics of typhoid fever in Springfield

and Lowell.

Engineering Department ( Water Supply and Seioerage)

.

Model of Lawrence Experiment Station, carefully constructed of wood and-

iron painted, and in a scale of one-half inch to the foot.

Sand sieve.

Steam sterilizer.

Thermostat.

Galvanized-irou filter.

Complete battery of stills.

Sections of sand filter's, in glass tubes.

Apparatus for determining the color of waters.

Bacteria stand, with tubes.

Sets of double dishes.

Large map of Massachusetts showing the normal chlorine of different

regions.

Small map of Massachusetts showing the normal chlorine of different

regions.

Water-shed rhap of Massachusetts.
'

Lower basin of Merrimack River (blue print)

.

Temperature chart.

Chart showing advice to cities and towns, water supplies.

Chart showing advice to cities and towns, sewage disposal.

Chart showing average of water analyses.

Map of North Metropolitan Sewerage System.

Map of Lawrence city filter.

Photographs of Framingbam sewage beds.

Pumping station.

Applying sewage. (2 photographs.)

Cornfield treated with sewage.

Photographs of Marlborough sewage beds.

Gate-house.

Underdrains.

Filter-bed.

Filter-beds after harrowing.

Room .30, Massachusetts Institute of Technology (Laboratory of State

Board of Health). (2 pliotographs.)

Lawrence Experiment Station. (8 photographs.)
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Photographs of bacteria cultures.

'City water of Lawrence and Tank 8.

Tanks 1, 2, 6 and 13.

Forty one-gallon bottles, containing :
—

Samples of sewage applied to each of the filters at Lawrence, Framing-

ham, etc.

Samples of eflfluents from sewage-filters at Lawrence, Framingham, etc.

Samples of sewage containing dyes (with water before and after filtration)

.

Samples of Merrimack River water before and after filtration.

Samples of surface and ground waters from rivers, ponds, reservoirs,

wells, springs, etc. (pure and polluted).

Series of eight-ounce bottles containing samples of filtering materials, sand,

gravel, etc.

Department of Food and Drug Inspection.

Charts showing ratio of adulteration of milk in Massachusetts.

Charts showing ratio of adulteration of other kinds of food.

Charts showing ratio of adulteration of spices.

Chart showing decrease in ratio of hogs infected with trichinae under im-

proved modes of feeding.

Chart showing ratio of expenditure for food, clothing, rent, fuel, etc., in

different countries.

Micro-photographs of pure articles of food-: coffee, pepper, mustard,

cloves, ginger, etc.

Micro-photographs of the same when adulterated.

Samples of pure foods, in glass bottles.

Samples of adulterants used in the foregoing, as sold commercially for the

purpose of adulteration.

Models of trichinae, free (male and female) and encysted.

Information was received that the Anthropological Building would

be ready for the reception of exhibits by the 12th of April.

The material was collected at the building of the Mechanics'

Charitable Association in Boston, and was boxed, ready for ship-

ment, in fifty-four packages, and left Boston on April 10. It

arrived at the Fair grounds in good condition on April 12, but the

building was then in no condition to receive it, and it was therefore

stored near by until the building could be completed. The roof

was not put on till April 29.

Prof. W. T. Sedgwick was given charge of installing the exhibit,

and went to Chicago for that purpose. He obtained the services of

attendants, so that some one was in charge of the exhibit from the

outset to the close of the Exposition, a fact which contributed very

largely to its success.
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In commenting upon this exhibit, Mr. E. C. Hovey, secretary

and executive officer of the Massachusetts commission at the Fair,

says :
—

Two exhibits alone were well-uigh worth the entire sum expended by

the Commonwealth on her contributions to these important departments.

The exhibits of the Massachusetts State Board of Health and the Riimford

Kitchen were sui generis, and tokl to the world in a most striking manner

then* story of patient investigation and continued research. Through the

auspices of the State Board of Health there was installed an exhibit which,

in a most complete and graphic manner, laid before the visitor the work

which has been accomplished in the State in dealing with the problems of

health as dependent upon sanitation. Here also was to be seen a model

of the Experiment Station in Lawrence, which it may be truly said has not

its equal in the country. The important investigations made by the Board

of Health, looking to the prevention of the adulteration of food, were

effectively shown, and the walls were covered with charts and statistics

which served to demonstrate the nature of the researches made by the

Board, reseai'ches which have had, and will continue to have, marked in-

fluence on the health of the citizens of the Commonwealth.*

Many thousands of visitors viewed the exhibit of the Board dur-

ing the continuance of the Fair, and especially during the vreek of

the congress of public hygiene. The Board published a large

edition of a guide or prospectus of the exhibit, which was distrib-

uted free to all visitors. The exhibit also received very favorable

comment in the various medical and sanitary periodicals, not only

in the United States but also in foreign countries.

The following notice of award has been received by the Board :
—

UNITED STATES.

DEPARTMENT OF LIBERAL ARTS.

Exhibitor.— State Board of Health. Group 147. — Class 833.

Address.— Boston, Mass. Exhibit.— Maps, Charts and Models.

Award.

For exiiaustive examinations and reports upon the public water supplies

of the State ; the relation of water supply to the public health, resulting in

a definite knowledge as to the ways in which certain diseases are dissemi-

nated ; and the best methods of protecting the purity of waters used for

* New England Magazine, February, 1894. Article by OommlBslonor E. 0. Hovey.
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domestic purposes, thereby diminishing the prevalence of water-carried

diseases.

For the practical application of the experimental methods to the opera-

tion of sewerage and sewage disposal.

For the construction of a filter for the removal of the germs of diseases

from the polluted water supply of a city.

For an important, instructive and accurate series of statistical charts

showing the distribution of diseases throughout the State.

For important investigations in regard to food adulteration.

(Signed) Joiix H. Rauch,
Individual Judge.

Approved : Du. K. Buenz,

President Departmental Committee.

Approved : John Boyd Thacher,
Chairman Executive Committee on Awards.

Date: Feb. 28, 1894.

Expenses of the Exhibit.

The expenses of this exhibit were as follows, a special appropria-

tion having been generously provided by the Legislature, for this

exhibit as well as for those of other State departments :
—

Labor and cost of materials in prepai'ing the exhibit, . . . $1,514 92

Boxing and packing exhibit, 55 44

Transportation, 180 05

Installation, 1,026 89

Attendance, 1,128 80

Janitor service, 98 50

$4,004 60

Manual of Health Laws.

The Board has published, at intervals of four years, since 1882, a

manual for tlie use of l)oards of health, coutainini]: all of the laws

relating to public health which have been enacted up to the date of

publication, together with such deoisious of the supreme court as

have been made upon the same subject.

Compilations of this character have been issued in 1882, 188() and

1890. The edition of 1890 having become exhausted the Board

authorized the publication of a new edition, which was prepared by
the secretary, with the advice of Mr. Toboy.

The manual has become an indispensable aid to local boards of

health, since it obviates the necessity of owning not only a coi>y of
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the Public Statutes (edition of 1882) but also of each of the Blue

Books containing the acts and resolves of each successive year since

1882. Copies of the Manual have been furnished to each of the

local boards of health throughout the State, to the 'public health

committee of the Legislature, and to other persons interested in

public hygiene. The book contains about 200 pages, with a very

full index. It has the laws relating to the public health, including

those which pertain to the inspection of food and drugs, the regis-

tration of vital statistics and the medical examiners' laws.

Cremation.

Under the provisions of chapter 265 of the Acts of 1885 the

Legislature authorized the formation of corporations for the purpose

of incinerating the bodies of the dead.

By the terms of this act it was provided that—

Every such corporation may acquu'e by gift, devise or purchase, and

hold in fee simple so much real estate not exceeding iu value fifty thousaud

dollars as may be necessary for carrying out the objects couuected with and

appropriate to the purposes of said corporation, and situated in such place

as the state board of health may determine to be suitable for said objects

and purposes. No building shall be erected, occupied or used by such

corporation until the location and plans thereof, with all details of con-

struction, have been submitted to and approved by said board or some per-

son designated by it to examine them.

Every such corporation may make by-laws and regulations consistent

with law and subject to the approval of said state board, for the reception

and cremation of bodies of deceased persons, and for the disposition of the

ashes remaining therefrom.

Further provision was made in the same act to prevent the con-

cealment of crime in the case of cremated bodies.

Acting under the provisions of this act the Massachusetts Crema-

tion Society applied to the Board April 3, 1893, requesting its

approval of a location for a crematory in the city of Boston, the

location being a tract of nearly two acres on the north-west side of

Walk Hill Street, near the Forest Hills Cemetery.

The Board, after viewing tlic premises, approved the location.

Subsequently, the plans and method of cremation were submitted

to the Board, and after examination by u competent engineer these

also were approved, together Avith certain regulations adopted by
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the society. The regulations approved by the Board were as

follows :
—

Every dead body received for cremation must, if the death occurred in

Massachusetts, Rhode Island, or Connecticut, be accompanied by the usual

burial permit required by law before burial, and by certificate from the

medical examiner of the district within which the death occurred, that he

has viewed the body and made personal inquirj' into the cause and manner

of death, and is of opinion that no further examination or judicial inquiry

concerning the same is necessary. Dead bodies received from states other

than those above mentioned must be accompanied by the certificates of two

physicians (each of whom must be a graduate of some legally organized

medical college, and one of whom shall have been the attending physician

of the deceased), setting forth the cause of death and the opinion that no

further examination or judicial inquiry concerning the same is necessary.

The crematory was completed and ready for the reception of

bodies for incineration in December, and the first cremation took

place on December 30, 1893. From that date up to the present

time (^lay, 1894) the whole number of bodies cremated was thirty-

one, of which number sixteen were males and fifteen were females.

Food and Drug Inspection.

The work of the Board in this department has progressed uni-

formly during the year, attention being paid to the inspection of

all articles which properly come within the provisions of the food

and drug acts, as ofllered for sale in the ditierent cities and towns

throughout the State.

Si)ecial attention has been given to the examination of the methods

of food inspection as practised in other countries, with the view ot

improving our own where improvement is possible.

In the examination of reports of food inspection of other countries

it appears that the general ratio of adulteration is usually less than

that of Massachusetts, a fact which requires explanation, since the

difference is apparent and not real. The law in this Commonwealth
requires that three-fifths of the appropriation shall be exj)ended in the

inspection of milk and milk products, consequently a large portion

of the samples taken for examination are samples of milk. The legal

standard of milk is high as compared with that of other countries.

In most countries this standard (when a standard is adopted) is 11.V
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per cent, of total solids, while in Massachusetts the standard is 13

per cent., except in May and June, when it is 12 per cent.

Bet^Yeen these two limits of 12 and 13 per cent, a considerable

percentage of milk is produced by cows. The eflect of this annual

chanofe of standard for two months of the year shows itself in a

very marked degree upon the ratio of adulteration, that is to say of

lesfal adultei-ation or departure from the standard as defined by law.

During the two months of May and June the ratio of samples of

milk found to be below the legal standard of 12 is often as low as

12 or 15 per cent, of the whole, while in the other ten months it

often rises to 40 and even to 50 per cent, and higher, since a very

consideral)le part of all the samples range between these two points,

12 and 13 per cent, of solids.

In the report of the analyst may be found the results of the work

accomplished during the j'-ear in this direction. In addition to the

usual routine work a special analysis of bread and of cheese was

made, the results of which are published in the analyst's report.

The total number of samples of articles of food and drugs which

were examined during the year was 6,409.

The number of prosecutions conducted was 96, and the amount of

fines collected and paid into the local treasuries was $2,476.

The efficiency of the work accomplished by the Board in this

department has been frequently acknowledged by the authorities

of other States, as well as by the dealers in food supplies in our

own State.

The actual economic value of this continuous work to the State

has been already mentioned in previous reports. It is sufficient to

say that the advantages gained far outweigh the cost of enforcing

the statutes.
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Registration of Vital Statistics.

In the following summary of the vital statistics of the State for

the year 1892, the estimate of population employed as a basis is

made upon the same plan as that of the previous year, namely, the

geometric rate of increase. Upon this basis the estimate of popula-

tion for the year 1892 is 2,389,993.

There were 22,507 marriages, (^5,824- living births, 2,293 still-

births and 48,762 deaths registered in Massachusetts in 1892.

The ratios to the estimated living population were as follows :
—

Marriage rate, 9.50 per 1,000 of the living population.

Persons married, 18.99 "

Birthrate, 27.77 "" "

Death rate, 20.57 "" "

Excess of birth rate over death rate, . 7.20 " " " " "

International Vital Statistics.

In the following summary are presented the marriage, birth and

death rates of the six New England States and those of the principal

countries of Europe having registration for a' period of twenty years

(1871-90) and for the years 1891 and 1892. The first year of

registration of Maine completes the list of the New England States

for the year 1892.

The six New England States embrace a population ot about five

millions, and the entire population of the countries embrsiced in this

summary numbers about two hundred and twenty-five millions.
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Marriages.

The number of marriages (22,507) was greater than that of any

previous year. The greatest number occurred in November (2,716)

and the least number in March (1,037).

The marriage rate was 18.99, and was higher than that of any

year since 1887, when it was 19.0. The estimated marriage rate of

the decennial period ending with 1892 was 18.61.

Births.

The number of living births registered in Massachusetts during

the year 1892 was 65,824, and the birth rate, as calculated upon an

estimated population of 2,369,993, was 27.77 per 1,000 of the living

population. This was the highest birth rate of an}-- year since 1874,

when it was 28.32. The lowest birth rate in the intervening period

was that of 1879, which was 22.94. The estimated birth rate of

the decennial period ending with 1892 was 26.08.

The ratio of males to females among living births where the sex

was stated was 105.6 females to each 100 males.

The greatest num])er of births occurred in December and the

least number in Februar}'.

There were 990 illegitimate births registered, or 15 per 1,000 of

the living births registered during the year, as compared with 1,078,

or 17.1 per 1,000 in 1891.

The births in the thirty cities were 46,597, as compared with

43,828 in 1891, an increase of 6.3 per cent. Those in the remainder

of the State were 19,227, as compared with 19,176 m 1891, an

increase of less than three-tenths of 1 per cent.

Deaths.

The number of deaths (48,762) was greater than that of any pre-

vious year. The death rate (20.57 per 1,000) was higher than that

of any previous year since 1875. The estimated death rate of the

decennial period ending with 1892 was 19.64.

Infant Mortality. — The number of deaths of infants under one

year old was 10,649, or 21.84 of the total mortality, which was less

than that of either 1891 or 1890, and was also greater than the mean

of the twonty-yoar period (1873-92).

The deaths of children under live were 15,225, or 31.22 per cent.

of the total niortality, which was less than that of any year for the
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past twenty years except that of 1882, which was nearly identical

with it.

As compared with the births, the mortality of infants under one

was 16.18 per cent, of the living births, which was slightly greater

than that of 1891, and also greater than the mean of the twenty-

year period (1873-92).

The deaths of centenarians reported in 1892 were thirteen in

number, nine of whom were women, and ten were of foreign birth.

Of the three women who were of native birth, one died in her native

town, and each of the others in a town adjoining her native town.

Sex. — The deaths of males were 24,643 and those of females

24,119. But, by the census of 1890, the females were largely in

excess of the males, in the ratio of 51.42 per cent, of the former to

48.58 of the latter (nearly). If the same ratio prevailed in 1892,

the death rate of males was 21.40 per 1,000, and that of females

19.79, these ratios being in each case higher than those of the census

year 1890, and also higher than the mean of the seven census years,

1860, '65, '70, '75, '80, '85, '90.

Stating this more clearly, the deaths of males to 1,000 deaths of

females in equal numbers living were 1,059 in 1890, while in 1892,

the difference in population of the two sexes being estimated in the

same ratio, the deaths of males to 1,000 females in equal numbers

living were 1,081. In England, for 1891, the deaths of males to

1,000 deaths of females were 1,128, and for the ten-year period

(1881-90) they were 1,123.

Causes of Death.

The number of deaths, the causes of which were not registered in

1892, was 470, or .96 of 1 per cent, of the mortality from all

causes. This ratio was smaller than that of any previous year since

the beginning of registration, except that of 1891, which was .9 of

1 per cent.

The average of the ten years ending with 1892 was 1.23 per

cent, of the total mortality of the period.

The sanitary significance of a table in which is presented the ratio

of deaths from specified causes, or groups of causes, to the living

population, must be acknowledged, as compared with the older

method of comparison with the total mortality. Hence the follow-

ing ta))le is introduced, in which are presented the deaths from each

group of causes, together with the rate per million living for each
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group for 1892, and the rate per million for each year of the period

(1883-92).

The practical value of international vital statistics becomes more

apparent every year. An impetus has been given to such work by

the labors of the International Statistical Institute, which convened

at Chicago in 1893.

For the sake of comparison the column of means for the ten-

year period (1881-90) for England has been added to the follow-

ing table from the Fifty-fourth Report of the Registrar General of

England for 1891.

The deaths from the group of infectious diseases in Massachu-

setts in 1892 were greater than the mean for the ten-year period

(1883-92).

The deaths from the group of constitutional diseases in 1892 were

less than those of the ten-year period.

The deaths from the developmental group of causes were slightly

less than those of the decade.

The deaths from local diseases have increased from a rate of 7,572

per million in 1884 to 9,651 per million in 1892. The mean ratio

for the period was 8,496.

The deaths from violence have not varied very greatly, the extremes

being 894 per million in 1883, and 748 in 1884, while the mean was

815.

The deaths from ill-defined and unspecified causes have generally

diminished from a maximum of 357 per million in 1883 to a mini-

mum of 17() in 1891, the mean being 242.

The lower line may l)e read as a general death rate per million,

or per thousand of the population, as convenience may dictate, in

the latter case the comma being used as a decimal point.
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In the last two tal)les are presented the numbers of deaths, the

death rates per 10,000 of the living population and the percentage

of the total mortality for each of the twenty years ending with 1892

and for each of thirteen prominent causes and groups of causes of

death.

/Small-pox. — The number of deaths from small-pox during the

year was 2, as compared with 1 in 1891, 1 in 1890, 4 in 18^9 and 8

in 1888.

Compared with the estimated living population the death rate from

this cause was only .01 of 1 per 10,000 and the percentage of the

total mortality was only .004 of 1 per cent. (Further information

relative to the prevalence of small-pox will be found under the head

of infectious diseases, page viii.)

Measles. — The number of deaths from measles in 1892 was 88, as

compared with 2o(J in 1891 and 114 in 1890. The death rate per

10,000 of the estimated population from this cause w^as .4 and the

percentage of the total mortality was .18.

The number of deaths from this cause was less than that of any

year since 1884, when it was 75. The minimum death rate from

this cause for the twenty-year period was .1 per 10,000 in 1879,

and the maximum was 2.2 in 1887.

Scarlet Fever. —The number of deaths from scarlet fever in 1892

was 6(J9, as compared with 24() in 1891 and 196 in 1890 and was

the greatest number in any year since 1879.

The death rate per 10,000 of the estimated population from this

cause was 2.8 and the percentage of the total mortality 1.37.

The minimum death rate from this cause for the twenty-year

period (1873-92) was .8 per 10,000 in 1889, and the maximum was

10.2 in 1875.

Diphtheria and Croup. — The number of deaths from diphtheria

and croup in 1892 was 1,455 as compared with 1,218 in 1891 and

1,626 in 1890.

The death rate per 10,000 of the estimated living population was

6.1 and the percentage of the total mortality was 2.98.

The minimum death rate from these causes for the twenty-year

period ending with 1892 was 4.7 per 10,000 in 1873, and the maxi-

mum was 19.6 in 1876.

The mean death rate from these causes for the first half of the

twenty-year period was nuich greater than that of the last half.
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Typhoid Fever. — The number of deaths from this cause in 1892

was 827, as compared with 821 in 1891 and 835 in 1890.

The death rate from this cause per 10,000 of the estimated popu-

lation was 3.5 and the percentage of the total mortality Avas 1.69.

The minimum death rate for the twenty-year period ending with

1892 was 3.5 per 10,000 in 1892, and the maximum was 8.9 in 1873.

The mean death rate from this cause for the first half of the

twenty-year period was considerably greater than that of the last

half.

Cholera Infantum.— The number of deaths from cholera infantum

in 1892 was 2,898, as compared with 2,771 in 1891 and 2,491 in

1890.

The death rate from this cause per 10,000 of the population was

12.2 and the percentage of the total mortality was 5.94.

The minimum death rate from cholera infantum in the twenty-

year period was 7.7 per 10,000 of the estimated population in 1879,

and the maximum was 16.2 in 1873, the first year of the period.

In the previous year (1872) however, the death rate from this cause

was higher than that of any year of registration either before or

since that date.

Contiumption. — The number of deaths from this disease in 1892

was 5,739, as compared with 5,484 in 1891 and 5,791 in 1890.

The death rate per 10,000 of the estimated population from this

cause was 24.2 and the percentage of the total mortality 11.77.

The minimum death rate from this cause for the twenty-year

period ending with 1892 was 23.8 per 10,000 in 1891, and the maxi-

mum was 35.3 in 1873, the first year of the period.

In comparing the two ten-year periods 1873-82 and 1883-92,

there is found to be a very marked decrease in the mean death rate

of the latter as compared with that of the former.

Pneumonia.— The deaths from pneumonia were 5,020, as com-

pared with 4,337 in 1891 and 4,038 in 1890.

The death rate from this cause [)er 10,000 of the estimated popu-

lation was 21.2 and (he percentage of the totiil mortality 10.29.

The minimum death rate from pneumonia for the twenty-year

period (1873-92) was 11.6 per 10,000 in 1877 and the maximum
was 21.2. The increase in the death rate from pneumonia during

the twenty-year period was greater than the decrease in the death

rate from consumption.
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Whoopinf/-cough

.

— The deaths from whooping-cough in 1892

were 248, as compared with 219 in 1891 and 363 in 1890.

The death rate per 10,000 of the estimated popuhition from this

cause was 1 and the percentage of the total mortality was .51 of 1

per cent.

The minimum death rate of the twenty-year period ending with

1892 was .7 per 10,000 in 1883 and the maximum was 2.8 in 1874.

Cancer. — The deaths from cancer in 1892 were 1,402, as com-

pared with 1,395 in 1891 and 1,387 in 1890.

The death rate from this cause per 10,000 of the living population

was 5.9 in 1892 and the percentage of the total mortality was 2.87.

The minimum death rate from this cause for the twenty-year

period was 3.5 per 10,000 in 1875, and the maximum was 6.2 in

1890.

There was a comparatively steady increase in the death rate from

cancer from 1877 to 1890 and then a slight decrease in the last three

years of the period.

liidnef/ Diseases. — The numl)cr of deaths from kidney diseases

in 1892 was 1,535, as compared with 1,474 in 1891 and 1,273 in

1890.

The death rate per 10,000 of the estimated population from this

group of causes in 1892 was 6.5 and the percentage of the total

mortality was 3.15.

There was an increase with considerable regularity in the mortality

from this cause during the twenty-year period, from a minimum of

2.9 per 10,000 of the population in 1873 to the maximum of 6.5 per

10,000 in 1892. This excessive increase is, however, more appar-

ent than real, and may be interpreted as mainly due to more intelli-

gent methods of diagnosis.

Heart Diseases. — The number of deaths from heart diseases

registered in 1892 was 3,733, as compared with 3,592 in 1891 and

3,417 in 1890.

The death rate per 10,000 of the estimated population from this

group of causes was 15.7 and the percentage of the total mortality

was 7.65.

There has been a tolerably uniform increase in the death rate from

this group of causes duritig the twenty-year period, the minimum
death rate being 7.9 per 10,000 in 1873, '74 and '77 and the maxi-

mum 15.7 in 1892.
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Brain Diseases.— This group includes the dccaths attributed to

apoplexy, paralysis, insanity, the indefinite term " cephalitis," soften-

ing of the brain and other unspecified diseases of the brain, the

whole number of deaths from this group in 1892 being 5,036 as

compared with 4,711 in 1891 and 4,389 in 1890.

The death rate per 10,000 of the estimated population from these

causes in 1892 was 21.2 and the percentage of the total mortality

was 10.33.

The minimum death rate from this cause for the twenty-year

period was 13.5 in 1877, and the maximum was 21.4 in 1888. The
mean death rate from these causes in the last half of the period was

considerably greater than that of the first half. For the last eight

years of the period the death rate from these causes was nearly

stationary.

The deaths from local diseases in Massachusetts have not diifered

very greatly in their relative incidence upon the population, from

those of England, as is shown in the following quotation from the

Eegistrar General's Fifty-fourth Annual Report for 1891.

'•' Local Diseases.— The most noticeable feature presented by the dis-

eases included in this class was the great increase of mortality from diseases

of the Circulatory and Respiratory Systems. The rates respectively were

1,826 and 4,474 per million living, and in each case the highest on record.

The explanation is doubtless to be found in the prevalence of epidemic

influenza. The deaths from nervous diseases, however, showed no such

increase. They were in the proportion of 1,748 to a million living; and

this rate differed but little from those of the three next preceding years.

The mortality from diseases of the Urinary System was 467 per million

living, this being the highest rate yet recorded, and marking a further step

in the almost continuous increase shown for a long series of years under

this heading."

From certain infectious causes not mentioned in the foregoing

enumeration there were the following numbers of deaths in 1892 ;

those of 1891 are also presented, for the purpose of comparison :
—
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Mortality from All Causes, aiicl from Influenza, Pneumonia, Phthisis, Bronchitis

and Heart Diseases, by Months, for 1889, 1890, 1891 and 1892.

1889.

Causes.
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An examination of these tables shows quite plainly the sharp rise

in the mortality from influenza with a coincident rise in the mortality

from pneumonia, phthisis, bronchitis and heart diseases in the winter

of 18^i9-90, culminatino; in January ; another epidemic of less mag-

nitude in the spring of 1891, culminating in April and May, and the

still greater epidemic of the winter of 1891 and '92 culminating in

January, 1892.

These, together with other minor causes, increased the mortality

of January 1892 to 0,309 deaths which was greater by 2,246 than

the mean monthly mortality of the year, and greater by more than

1,000 than the mortality of any month in the ten-year period (1883-

1892).

Hydrophobia. — The mortality from this cause which had attained

to considerable numbers in 1889 and 1890, again fell to a single

death in 1892.

During the six years ending with 1887 there had been no reported

deaths from this cause. There were then 2 deaths from hydrophobia

in 1888, 14 in 1889, 17 in 1890, 9 in 1891 and 1 in 1892.

The whole number of deaths from this cause for the period of

registration ending with 1892 (fifty-one years and eight months)

was 116, of which number 96 or 82.8 per cent, were males and 20

were females.

Mortality of Cities.

The rapid growth of the urban population in Massachusetts as

contrasted with that of the smaller towns is a sufHcient reason for

publishing in a separate table the number of deaths from all causes

together with those from the principal infectious diseases in each

city in the State.

By this table it appears that the total number of deaths in the

cities in 1892 was 32,202 as compared with 30,049 in 1891, and.

those in the towns were 16,560 as compared with 15,136 in 1891..

The population of the 30 cities including Medford and Everett, by^

the census of 1890 was 1,394,444 or 62.3 per cent, and that of the

towns was 844,499 or 37.7 per cent, of the total population, while a

half century earlier, the census showed that the cities (or places

having more than 10,000 in each) constituted less than one-fourth

of the population.
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The growth of the cities included in the foregoing table was
approximately at the rate of 3^'^ per cent, per year for the period

1885 to 1890. While that of the remainder of the State was at

tlie rate of only 1{'^q per cent, (geometric rate).

Estimating the growth in 1892 at the same rates for these two
classes of the popuhition, the mortality rates from the principal dis-

eases included in the foregoing table are presented in the following

table. In the two lower lines the mortality rates are reduced to a

standard of 1,000 in the urban popuhition for the convenience of

comparison, and may 1)e read as follows :
—

For every 1,000 deaths from all causes in the urban population,

there were 879 deaths in the remainder of the State in equal num-
bers living. For every 1,000 deaths from consumption in the urban

popuhition, there were 794 deaths in the remainder of the State in

equal numbers living.

DecUh Rales Jmm Certain Diseases in 1892, per 20,000 of the Estimated Living
Population, aiid the same Reduced to a Standard of 1,000 in the Urban or Dense
Population.
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dilfferent towns, cities, States and countries with each other, when

the age and sex distribution differs widely as for example, in our

own State, in the case of Barnstable and Bristol counties, or Barn-

stable and Suffolk.

In support of this statement Dr. Farr says "Independently of

other causes of variation, the mortality of different populations will

differ according as the}^ consist of numbers in various proportions at

the ages at which the mortality is high or low."

"It is not too much to say that death rates calculated on the gross

population are practically worthless as evidence of the sanitary con-

ditions of communities less than entire nations." Dr. E. F. Will-

oughby. Hand-book of Public Health and Demography.

For the purpose of facilitating the methods of correcting death

rates according to age and sex distribution. Dr. Ogle of the British

Kegistrar General's office and J. Korosi, Director of Statistics of

Hungary, have proposed the employment of standards of population

in which a normal or standard distribution of ages and sexes is

presented. For this purpose Dr. Ogle combines the populations of

seven principal European countries including about 170 million

inhabitants and presents a table in which the average distribution of

these populations is given by sexes and age periods, the whole

number of such periods being twelve. For the purpose of compari-

son with other countries, States, cities or smaller communities, this

method has the disadvantage of requiring an amount of computation

which becomes burdensome, and secondly, the age periods employed

above 20 years do not correspond with those which have usually

been adopted in Massachusetts and other American communities, and

while there are some advantages in ado[)ting a distrilnition into the

periods 25-35, 35-45, etc., instead of 20-30, 30-40, etc., the differ-

ences are so slight as not to make it advisable to change the existing

methods.

Korosi of Buda-Pesth suggests a method which is less cumbrous

than the foregoing. He does not deem it essential for this purpose

to adopt a sex distribution, but employs a distribution of ages only

and divides them into four periods as follows :
—

All ages under one year.

One to twenty years.

Twenty to fifty years.

All over fifty years.
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For the purpose of comparison he suggests the use of a standard

representing a healthy population having a constantly low death rate

as is the case with Sweden.

The foregoing age periods were adopted by M. KorSsi after trials

with different periods. They differ somewhat from those which have

been in use, but he states that it " was found to be preferable to

group the first year separately, and that there was no sensible change

produced by placing the next nineteen years in one single group."

The Returns of Medical Examiners.

The whole number of returns of medical examiners for the year

1892, under the provisions of the inquest laws, was 2,210.

Of this number, 72 or 3.26 per cent, were deaths by homicide, 274

or 12.40 per cent, were suicides, 974 or 44.07 percent, were deaths

from accident or negligence, and 890 or 40.27 per cent, were the

result of causes not due to violence, but to different natural causes

and alcoholism. More than one-half of this group were from heart

diseases and diseases of the nervous system usually of a sudden

character.

Sex.— Out of the whole number of deaths returned by the medi-

cal examiners 1,642 or 74.3 were those of males, 560 or 25.3 were

of females, and the sex of 8 was not stated.

The following summary presents the data of these cases by sexes

for the period of eight years (1885-92).
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In the following summary these deaths are classified into four

groups as in previous reports. The percentage of each group for

each year being stated :
—

Years.
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Water Supply and Sewerage.

The general law giving to the State Board of Health supervision

of inland waters, and imposing certain duties upon the Board in

relation to water supplies and systems of sewerage and sewage dis-

posal has been so frequently quoted in the recent reports of the

Board that it is not essential to quote the statute again in full.

Actinor under the Statutes of 1888 the work of the Board in this

direction has been conducted during the past year in the same

manner as in previous years. This work now constitutes a very

important branch of the operations of the Board.

The report of this department of the Board for 1893 comprises

the following topics :
—

The advice of the Board to the authorities of cities, towns and

corpoi-ations and individuals upon proposed or existing systems of

water supply and sewage disposal under the provisions of section

3 of chapter 375 of the Acts of 1888.

A continuation of the examination of water supplies, comprising

the results of chemical and microscopical examinations of public

water supplies. The examination of the waters of the following

rivers, the Blackstone, Charles, Merrimack, Nashua, Neponset,

Housatonic and Taunton were continued and other examinations

were made of the Charles, Deerrteld, Shawsheen and Ware and the

Nashua and its tributaries in connection with the investigations for a

Metropolitan water supply.

In the summary of water supply statistics it appears that 146

cities and towns, having a total population of 1,949,455, were pro-

vided with water supplies, the majority of these places having in

each a population of over 4,000. There were also 206 towns which

were not provided with public water supplies only one of which had

a population of more than 4,500.

The total population of places not supplied was 289,488 or but

little more the one-eighth of the population of the State.

The paper b}^ Professor Drown upon " the Amount of and Char-

acter of Organic Matter in Soils and its Bearing on the Storage of

Water in Reservoirs," has a practical bearing upon all water sui)plie3

Avhcre artilioial storage basins are constructed by impounding water

in valleys and meadows having a surface either partially' or wholly

of loam or peat.
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]\Ir. Geo. W. Fuller, biologist in charge of the Lawrence Experi-

ment Station, details the work performed at the station during the

sixth year of its existence. The principal topics treated of in his

report are the character of the sewage used for experiment, the aver-

age purification attained, the permanency of filters, their manage-

ment, experiments upon rapid filtration of sewage from which the

sludge has been removed, sub-surface application of sewage, experi-

ments with sand clogged by sewage, efiect of polarite in removing

color of dye-stufi"s in sewage, removal of bacteria, work of the sewage

filters in 1893, filtration of water, effects of rate of filtration, depth

of material, size of sand grains, scraping, disturbing upper layer of

filter, removal of layer of loam, freezing surface layers, rapidly fill-

ing from below, amount of loss of head and method of application

of water upon its bacterial purification. A detailed account is

given of the work of the water filters during 1893 together with the

chemical and bacterial analyses of the water supplied and of the

efliuent water of the Lawrence city filter for the first seven months

of its operation.

Hiram F. Mills, C.E., member of the Board, presents a descrip-

tion of the " niter of the Water Supply of the City of Lawrence

and its Results," and shows in this paper,—
1. " The insufficiency of the self-purification of streams.

2. The ready conveyance of typhoid fever down a stream by

sewage-polluted drinking water.

3. The practicability of protecting a community against an

infected drinking water supply by natural sand filtration."

The paper entitled " Sewage Purification of Cities and Towns in

Massachusetts" presents a brief description togethier with chemical

analyses of sewage and eflluents from the systems in use in the

following places : Amherst, Norfolk county jail, Framinghara, Gard-

ner, Lenox, Marlborough, Medfield, Wellcsley College and West-

borough.

Mr. Allen Hazen, the chemist in charge at the Experiment Station

at Lawrence in 1890-93, was appointed as chemist of the department

of water supply, sewerage and fire i)rotection at the World's Colum-

bian Exposition at Chicago, and presents in this volume a descrip-

tion of the process there employed for disposal of the sewage of the

Exposition by precipitation and the results attained by this process.
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Metropolitan Water Supply.

"Within the period of the past forty years or more and since the

beginning of the general introduction of a public water supply into

Boston the growth of the city has been rapid, and this growth has

extended outward, until the suburban municipalities have acquired a

population nearly as large as that of the city, the whole district

within ten miles of and including Boston containing nearly a million

inhabitants.

Public water supplies have now been introduced into each of the

twenty-eight cities and towns embraced within this limit. The rapid

growth of the towns has not only been attended with an increase in

the absolute consumption of water in the district, but the relative or

per capita consumption has also been considerably increased. To
supply this demand very much of the available territory suitable for

use as sources for yielding water has been taken by the cities and

towns within this district. In some instances the density of the

population living upon the area of the dill'erent water-sheds has

increased to such an extent as to become a serious menace to the

health of the population consuming the water, in consequence of the

increased pollution which usually follows a corresponding increase

of population.

In the words of the present report (p. 6) " The experience of the

past year (1893) has emphasized the urgent need of a new water

supply for this district, as not only has the Avater supply of Boston

and the district supplied from Mystic Lake been nearly exhausted,

as above indicated, but the water supplies of a majority of the

places in the Metropolitan district have been in a similar condition."

The urgent demands of the authorities of these municipalities for

larger and purer supplies of water finally resulted in legislative

action, and the following law w^as enacted by the Legislature of

1893, entrusting to the State Board of Health the duty of making

a general investigation of tiie subject of a water supply for this

Metropolitan district.

[Acts of 1893, Chapter 459.]

An Act kel.vtive to procuuing a water suitlt for tue city of boston
and its suburbs.

Be it enacted, etc., as follows

:

Section 1. The state board of health is hereby authorized and directed

to investigate, cousidcr and report upon the questioa of a water supply for
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the city of Boston and its suburbs within a radius of ten miles from the

state house, and for such other cities and towns as in its opinion should be

included in connection therewith.

Sect. 2. The said board shall forthwith proceed to investigate and

consider this subject, including all questions relating to the quantity of

water to be obtained from available sources, its qualit}', the best methods of

protecting the purity of the water, the construction, operation and mainten-

ance of works for storing, conveying or purifying the water, the cost of

the same, the damages to propert}^, and all other matters pertaining to the

subject.

Sect. 3. The said board shall have power to employ such engineering

and other assistance and to incur such expenses as may be necessary for

carrying out the provisions of this act.

Sect. 4. The said board shall report fully with plans and estimatea

to the legislature on or before the first Wednesday in January in the year

eighteen hundred and ninety-five, and shall append to its report drafts of

bills intended to accomplish the recommendations of the board.

Sect. 5. The total amount of money which shall be expended out of

the treasury of the Commonwealth in carrying out the provisions of this act

shall not exceed forty thousand dollars. The Commonwealth shall be

reimbursed for the amount expended by the cities and towns which are to

receive the benefit of the system recommended in the report, in proportion

to the population of each.

Sect. 6. Before incurring any expense the board shall from time to

time estimate the amounts required and shall submit the same to the gov-

ernor and council for their approval, and no expense shall be incurred

beyond the amount so estimated and approved.

Sect. 7. This act shall take effect upon its passage. \^Approved

June 9, 1893.

Immediately after the passage of this Act, the Board entered upon

the work of investigation, and began the necessary surveys to ascer-

tain the best supply for the district. This work has been carried on

without interruption since June, 1893.

While it is too early to publish conclusions relative to a definite

source of water supply for the district, it may be said that the inves-

tigations made up to the present time indicate that an abundant

supply of good water for the Metropolitan District may be oljtained

without excessive expenditure.
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Improvement of the Charles Kiver.

By the provisions of Chapter 475 of the Acts of 1893, the Board

of Metropolitan Park Commissioners and the State Board of Health

were constituted a joint board to investigate " the sanitary condition

and prepare plans for the improvement of the beds, shores and

waters of the Charles River, between Charles River bridge and the

Waltham line on Charles River, and for the removal of any nuis-

ances therefrom."

The joint board, thus cojistituted, was authorized to employ

engineers and experts and to incur necessary expenses not exceed-

ing $5,000.

This act recognizes the existence of conditions in the specified

portion of the river which have for a long time constituted a general

nuisance, offensive to the sight and smell, in consequence of the serious

pollution of the river and of the daily exposure of large areas of

mud flats upon which the polluting matter in the river is deposited.

To remedy this foul and unsightly condition the Board has given

its attention, and after surveying the territory and areas included in

the provisions of the act and investigating the sanitar}'- condition of

the contiguous population, made its report to the Legislature in

May, 1894 (House Doc. 775, 1894), the time for the presentation

of the report having been extended by Chapter 57 of the Resolves

of 1894.

The plan proposed involves the construction of a dam and a lock

at the lower portion of the estuary above Craigie's bridge, by means

of which the water above the dam will be kept at a constant level.

AVhile this dam may be regarded as the principal feature of the

plan, other features are worthy of note, especially the treatment of

the shores of the proposed l)asin.

One great improvement in this region is already nearly com-

pleted, the Metropolitan Sewerage System, which, when in opera-

tion, will remove a great amount of pollution from the river.

The -report of the Landscape Architects to the joint board closes

as follows :— " Charles River, freed from sewage, from defiling indus-

tries, from mudflats and from mud banks, and dedicated with its bor-

ders to the use and enjoyment of the public as a drainage channel, an

open space, a parkway, a chain of playgrounds and a boating course,

will perform its highest possible service to the Metropolitan com-
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munity, and will return to the community profits, both tangible and

intangible, which will annually increase."

I]STFECTious Disease Hospitals.

The subject of providing separate accommodations for hospitals

for persons suffering with infectious diseases of a dangerous char-

acter has become quite prominent during the past two or three years

in Massachusetts cities, and is likely to become still more a subject

of paramount importance in future years.

The fact that 400 such establishments exist in England alone, and

the number there is constantly increasing, is sufficient to show the

estimate in which they are held in Great Britain.

In response to a demand for information upon this subject, a paper

has been prepared by the Secretary for the present report, contain-

ing the most recent information upon the subject, together with a

brief compilation embodying the practice of other countries in this

direction.

Summary of Weekly Mortality Eeports.

Under this title may be found a summary of the returns sent to

the office of the State Board at the close of each week from the

principal cities and towns, of the deaths which have been reported

to the local Boards of Health. These returns embrace a statement

of the total number of deaths, the number of deaths of children

under 5 years of age, and the number from each one of the principal

infectious diseases.

This system of voluntary returns keeps the State Board informed

of the progress of epidemics, their outbreak and their decline, and

serves as a valuable index of the health of the population, its chief

advantage consisting in its frequency and the fact that the Board

receives its information direct from the local authorities.

Health of Towns.

In the portion of the report devoted to the health of towns may
be found a digest of the principal facts of importance gathered from

the city and town reports of Boards of Health of the year 1893.

This summary also contains a table in which are stated the number

of cases of the principal infectious diseases which are reported to the

local Boards of Health. In addition to the cases reported another

parallel column contains tlie registered deaths from the same causes in

these cities and towns and the ratio of fatality in the State at large.
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liouTiNE Work of the Board.

The Board, in the performance of its duties under the provisions

of the Statutes, has held at least one meeting in each month during

the year, with such meetings of its standing committees as were

essential to the proper performance of its work. The work of the

year is presented in detail under the different topics referring to the

prescribed duties of the Board.

Advice has been given almost daily at the office to local Boards

of Health and to individuals seeking advice upon sanitary questions,

and in instances, where occasion required, visits have been made by

the secretary and by the engineers of the Board to cities and towns for

the purpose of making investigation and inspecting and giving advice.

One public hearing only was held during the year (on April 10,

1893) and that had reference to the taking of land for the sewage

disposal of Brockton under the provisions of chapter 124 of the Acts

of 1890.

The statistics of mortality have been compiled and published each

week at the office of the Board in the form of a weekly bulletin,

which also contains once a month a report of the work done in the

line of food and drug inspection, together wnth the prosecutions

made under the Food and Drug Acts. In addition to the foregoing,

during the past year the statistics of reports of cases of infectious

diseases returned under the provisions of chapter 302 of the Acts

of 1893, have been introduced in these bulletins.

The following talkie presents certain statistical data relative to the

routine work of the Board :
—

Statistical Table fok Tiip Year ending Sept. 30, 1893.

Whole nitniber of samples of foods and drugs examined during the year, G,409

Samples of milk exuimiued (included in the foregoing) 3,073

Whole number examined since beginning of work in 1883, • . . 53,.573

Whole number of samples of milk examined since beginning of work
in 1883 . . 27,076

Number of warning notices issued relative to adulteration during the year, 423

Number of prosecutions against oflFenders during the year, ... 96

Number of convictions during the year, 92

Amount of fines secured during the year, |2,476.00

Force employed at I3oston, for food and drug inspection, chemists and

assistants, 2

At Amherst, ..,.,, 1

— 3

Inspectors, 3

Total, 6
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UxDER THE Provisions of the Act to trotect the Purity of Inland

Waters.

[This table applies to the calendar year ending Dec. 31, 1893.]

Statistical Table for the Year 1893.

Applications for advice from cities, towns and others :
—

Relating to water supply, 39

Relating to sewerage and drainage, ....... 12

Total, 51

Number of samples of water examined chemically and microscopically

at the Massachusetts Institute of Technology, 1,731

Number of samples of soil examined chemically at the Massachusetts

Institute of Technology, 52

Number of samjDles of sewage and water examined chemically and bac-

terially at the Lawrence Experiment Station, 2,176

Number of samples of sand examined chemically and bacterially at the

Lawrence Experiment Station, ........ 513

Number of samples of sand examined mechanicallj^ at the Lawrence

Experiment Station, 8 14

Additional samples examined bacterially at the Lawrence ExiDeriment

Station, 11,850

Total number of samples examined, 16,636

Force employed at 13 Beacon Street :
—

*

Chief engineer, 1

Assistant engineers, 2

Stenographer and clerk, 1

— 4

At Massachusetts Institute of Technology :
—

Chief chemist,f 1

Assistant chemist, 5

Chief biologist,! 1

Assistant biologists, 1

— 8

At Lawrence Experiment Station :
—

Chemists, 2

Bacteriologists, 3

Other assistants and laborers, 4

— 9

Total ordinary force, 21

• Not includirif,' the force employed upon tlie Metropolitan Water Sn))ply investigations.

t The cliief chemist and hiolof^ist, altlionKli lofated at the MassachuHctls Institute ofTecli-

nolofiy, have the oversight of tlie chemical and biological work at the Lawrence Experiment

Station.
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The number of applications received since July, 1886, when the

act relating to water supply and sewerage first went into operation,

is as follows :
—

1886,

1887,

1888,

1889,

1890,

1891,

1892,

1893,

22

28

38

23

53

56

51

Total, 279

Recommendations .

The following recommendations were made to the Legislature at

the beginning of the session of 1894 ;
—

1. "With reference to the coutinuance of the work of the Board under

the provisions of chapter 375 of the Acts of 1888 the Board recommends

the continuance of the investigations ah'eady commenced and those indi-

cated as desirable in the report upon Water Supply and Sewerage (Senate

Doc. 4, 1894).

For these purposes, and to make the necessary investigations in order to

advise cities, towns, corporations and individuals in regard to the best

method of assuring the purity of intended or existing water supplies, and

the best method of disposing of sewage, and to carry out the other provi-

sions of chapter 375 of the Acts of 1888, the Board estimates that the sum
of $27,000 will be required.

2. As to Notification of Contagious Diseases.

That the laws in reference to the notification of contagious diseases to

certain State authorities be so amended that the law now in force in regard

to small-pox shall be extended to include other diseases dangerous to the

public health.

3. Slate Vaccine Institution.

In its Twentieth Annual Report, 1888, the State Board of Health intro-

duced the subject of establishing in the State one or more places at which

vaccine lymph could be furnished under tiic supervision of the State, so

that regular supplies of lymph could be furnished to all State institutions,

to the local authorities of cities and towns, and to such physicians as might

choose to obtain their lymph from such an institution.
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This plan is adopted at present in nearly all foreign countries where

vaccination is practised, and with the most successful result. The plan of

public vaccinal institutes has reached its highest development in Germany,

where at least thirty such establishments, well equipped and under thorough

administration, furnish lymph for vaccination to all who desire it. By this

plan the purity of the lymph can be satisfactorily assured, and the physician

or local board of health can procure it direct from the institution, thus

avoiding the delay of ordering through agents and middlemen.

As a result of this plan as well as of their very thorough enforcement of

the laws, Germany is to-day more free from the scourge of small-pox than

any other country in the world.

The Board therefore recommends that an appropriation of be

made for the purpose of carrying out this plan, under the supervision of

such authority as the Legislature may direct.

4. As to Vital Statistics.

That, inasmuch as an intimate study and knowledge of the vital statistics

of a community are the basis of wise sanitary administration, the data

gathered annually by the Secretary of the Commonwealth, in accordance

with the provisions of existing statutes, be submitted in their entirety to the

Board of Health for such consideration and report as may seem to promote

most fully the public welfare. Such a course would place this State in

harmony with the usage in nearly all the states of this Union having regis-

tration, and in the civilized countries of Europe.

5. As to Medical Inspectors of Health.

The following bill was recommended :
—

Providing i'Or the appointment of advisory medical inspectors op
health throughout the commonwealth.

Be it eyiacted, etc., as follows :

Section 1. The governor, by and with the advice and consent of the

council, shall, as soon as may Ijc after the passage of this act, divide the

Commonwealth into such number of districts, to be known as health dis-

tricts, as he may deem proper and necessary for carrying out the purposes

of this act.

Sect. 2. After the division provided in the foregoing section the gov-

ernor shall nominate, and by and with the advice and consent of the

council, sliall appoint in each health district one able and discreet person,

learned in the science of medicine, to be advisory medical inspector of

health in said district. Every such nomination shall be made at least seven

days prior to the appointment.

Sect. 3. Said advisory medical inspectors of health shall hold their

offices for a period of seven years from the time of their respective appoint-
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ments, and shall be liable to removal from office by the governor and

council at any time for cause shown.

Sect. 4. Each advisory medical inspector of health shall reside in the

district to which he is appointed, and his removal therefrom shall be equiva-

lent to a resignation of his office. His powers and duties shall be advisory

only. He shall inform himself respecting all influences affecting or threat-

ening to affect injuriously the public health within the district, and shall

promptly notify the local authorities of the existence of all conditions

affecting or likely to affect the health of the district, and shall advise with

said authorities as to the best methods of controlling the same.

Sect. 5. Each advisory medical inspector of health shall keep a record

of his proceedings and observations, and shall annually make a report to

the health authorities of each city or town within his district touching mat-

ters affecting said city or town, and shall transmit a copy of each report to

the State Board of Health on or before the thirty-first day of October in

each year.

Sect. 6. Each advisory medical inspector of health shall from time to

time as requested furnish to the State Board of Health information touching

the sanitary condition of the whole or any part of iiis district. He may
make such reports and suggestions to the State Board of Health or to the

local authorities as he may deem advisable ; but shall in every instance for-

ward to the State board a copy of any such communication with the local

authorities.

Sect. 7. The governor, by and with the advice of the council, shall

establish from time to time the salaries of said advisory medical inspectors

of health, having reference in each district to the extent of territory, the

number of inhabitants, the character of the business there carried on, and

the amount of time likely to be required for the proper discharge of the

duties. The salary thus established shall be paid from the treasury of the

Commonwealth quarterly.

Sect. 8. This act shall take efifect upon its passage.

Expenditures.

The work of the Board is conducted under the provisions of several

statutes, and for its dift'erent departments of work three appropria-

tions are annually made, one for its general work, one for the

inspection of food and drugs and a third for carrying out the pro-

visions of chapter 375 of the Acts of 1888, relating to the protection

of the purity of inhind waters.
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The appropriations for these different departments of work during

1893 were as follows :
—

For the general work of the Board, $10,800 00

For food and drug inspection, . . . , . . . . 11,500 00

For wtn'k under the provisions of chapter 375, Acts of 1888, . . 27,000 00

§-lt),300 00

In addition to these regular lines of work the Board was charged

with the duty of investigating the question of a general Avater supply

for the city of Boston and the suburban cities and towns to the dis-

tance of ten miles from the city.

For this investigation the Board was authorized to expend a sum
not exceeding $40,000, of which sum there was appropriated in 1893

the sum of §15,000.

The expenditures under the foregoing appropriations were as

follows :
—

For the General Work of the Board,
Salaries, $4,819 96

Printing, 1,325 15

Travelling, ....
Sjjecial investigations,

Postage,

Books, subscriptions and binding,

Express,

Stationery, ....
Telephone, ....
Type-writer and librar^^ supplies,

Ollice incidentals.

Messenger services,

.

Telegrams, ....
Draughting wood-cuts, ,

1,140 70

488 78

207 61

306 68

220 23

152 42

127 05

19 30

54 72

257 27

7 33

31 50

For Food and Drug Inspection. For Year ending Sept. 30,

Salaries of analysts,

Salaries of inspectors, ....
Travelling expen.ses and purchase of samples

/apparatus and chemicals,

Kent at Harvard Medical School, .

(Jlieniical analysis (by other cliemists), .

Furniture and fittings at laboratory,

Legal services, .

Printing, .

Gas, ....
Extra services, .

Total,

$9,158
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Expenses uxder Chapter 375 of Acts of 1888. Protection of Purity of

Inland Waters. For Calendar Year 1893.

Salaries, including' wages of laborers at Lawrence Experiment Station, $22,743 40

Apparatus and materials, 1,896 73

Rent of rooms at Massachusetts Institution of Technology, . . . 900 00

Rent of Lawrence Experiment Station, 125 00

Travelling expenses, 195 81

Express charges, -420 95

Use of tools and office, Lawrence Experiment Station, .... 412 32

Printing, 74 54

Stationei-y and drawing materials, 86 21

Maps, blue prints and photogi'aphs, 54 06

Furniture, 43 00

Paid for collecting samples of water, 8 25

Postage stamps, 27 90

Messengers and telegrams, 7 82

Total, $26,995 99

Fob Expenses in Investigation of Water Scpplt of Boston and Sub-

urban TOTTNS.

[Acts of 1893, Chapter 459.]

Salaries, ?7,455 83

Services and expenses, experts, 162 25

Apjjaratus and repairs, borings, drawing and sm-veying instruments,

etc., 1,249 00

Travelling expenses and board of employes, 1,200 68

Maps, etc., 43 50

Stationery and account books, 71 20

Hardware, hose, pump, pipe, etc., 596 87

Lumber, 45 34

Freight, express, etc., 15 99

Office rent and incidentals, 72 27

?10,912 93

A statement of the expenditures relating to the exhibit of the

Board at the World's Columbian Exposition may be found on page

xxiii.

H. P. WALCOTT,
J. W. HASTINGS,
H. F. MILLS,
F. W. DRAPER,
G. C. TOBEY,
J. W. HULL,
C. H. PORTER,

State Board of Health.
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WATER SUPPLY AXD SEWERAGE.*

[Report required by the provisions of chapter 375 of the Acts of
1888, entitled "An Act to protect the purity of inland -waters,

and to require consultation -with the State Board of Health
regarding- the establishment of systems of -water supply, drain-
age and se-werage."]

The followiiiii: report contains the substance of the replies

made by tlie Board to those cities, towns, corporations and

individuals which have applied to the Board for its advice

relative to systems of water supply, drainage and sewerage,

under the provisions of chapter 375 of the Acts of 1888. It

also includes a summary of the work done by the Board in

connection Avith the examination of water supplies and rivers,

and the puritication of sewage.

As one result of the studies of the Board, in connection

with the investigations made at the Experiment Station,

there has been constructed during the past 3'ear by the city

of Lawrence a iilter-bed covering an area- of two and a half

acres which now filters the domestic water supply for about

47,000 people. This water supply is derived from the ^Nfor-

rimack Kiver, which receiACS the drainage of a large part of

New Hampshire, and the sewage of Lowell enters only nine

miles above the intake of the Lawrence water works. There

has been in past years a great increase in the number of deaths

by typhoid fever in Lowell and in Lawrence in the late foil

and Avintcr months, after the disease had spent its force and

nearly ceased in the towns and cities up the river.

The studies of tlie Board led them to conclude that this

large numl)er of deaths, often, in Lawrence, exceeding the

number in the city of Boston in the same months, was due

to disease germs l)rought down the river and distributed to

the citizens in their drinking water ; and after making filters

at the Experiment Station that removed all the disease germs

* The first pages of this report were contained in a report made to the Legisla-

ture Jan. 10, 189-1 (Senate Document, No. 4). A portion of the report then made,

rehiting to the wori< clone at tlic Lawrence Exjieriinent Station, is not reproduced.

Iwcanse a more complete account of the work done at this place will be found in a

subsequent part of this volume.
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put into the water applied to them, the Board advised the

city of Lawrence to construct a filter under the direction of

the Board, and to purify their drinking water. The filter

was commenced in the fall of 1892, and finished, at a cost

of about $65,000, in September, 1893. Since September

20 all the water that has been pumped to the city reservoir

has first passed through the filter.

Very frequent examinations of the water show that 98 per

cent, of all of the bacteria in the river water applied to the

filter are removed directly by it, and in addition to this

it removes a large part of the organic matter from the

water and converts much of it to mineral matter, thus de-

priving the remaining bacteria of food material and render-

ing the conditions of life so unfavorable that the bacteria

decrease as the water goes on through the reservoir and

through the distributing pipes, until when the water reaches

the citizens there remains but one-half of 1 per cent, of the

number of bacteria in the river water ; that is, 99| per cent,

of all have been removed.

The experiments of the Board indicate that the small

numljers remaining are of a few hardy kinds that are not

known to be in any way injurious to health ; and leave the

strong probability that all the disease-producing germs have

been removed.

The result upon the health of the people of Lawrence is

very marked and very satisfactory. The number of deaths

from typhoid fever in Lawrence for the three months of

Octol)cr, November and December during the past five years

has averaged eighteen ; the number of deaths this year, since

the water has been filtered, in the same three months, has

been four.

At the end of the year 1893 all of the 30 cities in the

Commonwealth, and IIG towns out of a total of 322, were

})rovided with a public water supply. The total population

of the communities having a public Avater sui)ply is 87.1 per

cent, of the total population of the State.

There are now but 6 towns which, by the census of 1890,

had a po})ulation exceeding 4,000, which arc not i)rovided

with a public water supply. The names of these towns, with

their respective populations in 1890, arc as follows: Black-
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stone, 6,138; Ipswich, 4,439; Millbury, 4,428; Winchen-

don, 4,390; Rockport, 4,087; and Barn.><table, 4,023.

Twenty-ei«j,ht cities and 67 towns, having togetlier a total

population of 1,704,510, own their water works, while 2

cities and 49 towns, M'ith a total population of 244,945, are

supplied by private com})anies.

The flow of the streams in the year 1893, taken as a whole,

as indicated ])y the volume of water flowing in Sudbury

River, has been a very little below the average for a long

series of years ; but the seasonal distribution of the flow has

been very uneven, the year resembling in this respect 1891.

During the four months from February to May, inclusive,

the flow was 23 per cent, above the average, and greater

than in all l)ut three of the previous eighteen years. On the

other hand, the flow for the six months from June to Novem-
ber, inclusive, was 46 per cent, below the average for these

months, and there were only four years of the previous

eififhteen when the flow durino^ the same months was lower.

A year of this unusual character afl'ects very diflerently

diflerent classes of water supplies. Those comnumities hav-

ing sufliciently capacious ponds or reservoirs to store the

whole amount of water flowing in the spring, obtained for

use about the average yield of their sources of water supply
;

while those provided with smaller ponds or reservoirs, so

that they could not prevent the spring flow of the streams

from running to waste, felt much more severely the effect of

the drought of the succeeding six months. The city of Bos-

ton practically exhausted the water in its Sudbury River

reservoirs, but the fall rains fortunately came in season to

prevent any shortage of water. JNIystic Lake, which supplies

Charlestown, Somerville, Chelsea and Everett, was reduced

to so low a level that temporary pumps were used for a short

time to puni]i water from the lake into tlie aqueduct.

These are only exam[)les of Avhat occurred in many places

in the State. In the southern part of the State there was

even less rain than in the eastern part, and some places, of

which Southl)ri(lge and Uxl)ridge may l)c mentioned as ex-

amples, entirely exhausted the Avater from their usual sources

of supply, and were obliged to resort to jiumping water from

the neighboring rivers, thus introducing into the pipes water

of undesirable quality.
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The State Board of Health was authorized and directed,

hy chapter 459 of the Acts of 1893, to investigate, consider

and report to the Legislature of 1895 upon the question of a

water supply for the city of Boston and its suburbs within a

radius often miles from the State House, and for such other

cities and towns as in its opinion should be included in con-

nection therewith.

The experience of the past year has emphasized the urgent

need of a new water su})ply for this district, as not only has

the water supply of Boston and the district supplied from

Mystic Lake been nearly exhausted, as above indicated, but

the water supplies of a majority of the places in the Metro-

politan district have been in a similar condition.

The Board began considering the subject of a water supply

for the Metropolitan district seven years ago, by collecting-

information of a general character with regard to the various

sources which might furnish a water supply for this district,

and by determining the exact quality of the water of the

different sources by a series of analyses covering a period of

two years or more.

Owing to these preliminary studies, the Board was enabled

to begin at once, after the passage of the act above mentioned,

to enlarge its staff of engineers, and to make surveys and

examinations with a view to determining definitely the ca-

pacity of different sources and the cost of obtaining a water

supply from them.

"While it is too early to present any conclusions regarding

the best source of water supply for the district, it may be

said that the investigations made up to the present time

indicate that an abundant supply of good water for the

Metropolitan district may be obtained without excessive

expenditure.

The c(miparativoly low stream-How of the last three years

has made the (juestion of additional water su})plies for many

towns extremely urgent, and the advice of the Board as

regards tlie ca[)acity and iitncss of new sources of sui)ply

has been repeatedly sought. The constantly increasing

fund of information which the Jioaid is ac(|uiring through

its staff of engineers, chemists and biologists, concerning

the characters of the natural waters of the State, puts it in
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position to give advice, in many cases, with a certainty and

promptness tliat Avas not possible before these investigations

were undertaken.

The chemical and microscopical analyses of the M^aters of

the State have been continued during the year 1893, 1,731

samples of water having been examined. These examina-

tions include many of the regular water supplies of the

State, but a very nuich larger numl)er of examinations than

ever before has l)Gen made of waters proposed for new sup-

plies of cities and towns.

Following is a classified list of the waters examined durins:

the year :

—

From open and covered reservoirs for the storage of

ground waters, . « 26

From ground-water supplies, 294

Special investigations of regular water supplies af-

fected by tastes, odors, etc., 16

From ponds and storage reservoirs and their inlets, . 578

From streams and miscellaneous sources, . . . 127

Total from regular water supplies, 1,041

In connection Avith investigations of new sources of

water su2)ply, 230

With reference to pollution of streams, . . . 155

With reference to sewage purification at Fraraingham,

Marlborough, Gardner, IMedfield, Westborouoh,

Lenox, Amherst and Wellesley, .... 251

In connection with the study of epidemics,... 18

Miscellaneous, 36

690

Total, 1,7;!1

The microscopic vegetable and animal organisms have

been determined as usual in all the waters which have been

examined chemically, and our knowledge of the connection

between these organisms and the tastes and odors of the

waters, has been somewhat increased.

The continued investigation of the efficiency of sewage

purification throughout the State by the chemical and bio-

logical examination of sewages and etlluents, and by the

mechanical analysis of soils, has afibrded important results,

which, taken in connection with the experimental work at



8 STATE BOAED OF HEALTH. [Pub. Doc.

the Board's Experiment Station at Lawrence, can be directly

utilized in determining rules of practice for the purification of

sewage by intermittent filtration on a large scale. A very

large number of examinations of sewage and effluents has been

made from the purification fields at Framingham, Marlbor-

ough, Gardner, Medfield, Westborough, Lenox and Wellesley.

No sanitary question is of greater or more immediate im-

portance than the disposal and purification on land, of the

sewage of cities and towns. To do this effectively and harm-

lessly, an intelligent control of the process is needed for

each situation.

In connection with the study of new sources of supply, a

larofe number of ground waters has been examined, with the

result of adding much to our knowledge of the subterranean

waters of the State. In the report for 1892 attention was

directed to the presence of iron in some ground waters,

which made them very objectionable for domestic use.

During the past year the metal manganese has been found in

well waters at Watertown in considerable amount, associated

with organic matter. The sanitary significance of this occur-

rence has yet to be determined.

In previous reports of the Board attention has more than

once l)een drawn to the fact that the deeper layers of water

in ponds were stagnant during the warmer months, and that

when the bottom of the pond or reservoir contained decom-

posable organic matter the water near the bottom became

very foul with the products of putrefaction. In the case of

Lake Winnipiseogee, samples taken during August at a depth

of 110 feet from the surface showed the water to be of the

same quality and composition at the bottom as at the surface.

Analyses of soils from a proposed storage reservoir have

been made to determine the amount of stripping which would

be necessary to remove all the organic matter from the sur-

face before filling the reservoir with watero The cleaning

of the bed and sides of a reservoir is now known to be essen-

tial if the water contained in it is to be preserved free from

putrefactive products in summer; but the depth to which

the surface soil should be removed can be best learned by a

direct determination of the oi-ganic matter in the diflTercnt

layers. The results of the analyses in this case are interest-

insr and valuable.
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An extended series of analyses of the water of the lower

Charles River has })ccn made during the year to determine

the amount of its pollution by sewage and manufacturing

wastes, and also to determine the influence of the flood tide

in backing up the impure water.

During the year the artificial ice made for sale in the State

has been investigated, chemically and biologically. A special

report on the subject was made to the General Court on May
IG, 1893.

Of the sewage filters at the experiment station, several of

those that had been in use for five or six years had for a year

•or more been sulijcct to treatment known to be unlikely to give

the best results, but tried for the purpose of learning the

result of peculiar methods of treatment, and the eflluent was

not as well purified as in former years. Upon restoring the

old filters to their normal condition and treating them by the

methods which had been found most favorable for complete

purification they resumed their former ability, and gave as

satisfactory efiiuents, both in quality and quantity, as in for-

mer years.

In the filtration of sewage remarkable results have been

obtained through the past year, by first filtering sewage very

rapidly (nearly five hundred thousand gallons per acre daily)

throuixh eravel stones throu<rh which air was also bein«: con-

stantly drawn ; and then again filtering this effluent through

sand at the rate of about one million gallons per acre daily.

By the first filtering about S2 per cent, of the all)uminoid

ammonia and the same percentage of the bacteria were re-

moved ; and at the end of the second filtering there remained

in the effluent ])ut 2^ per cent, of the albuminoid ammonia

of the sewage and but two one-hundredths of 1 per cent, of

the bacteria. By this method of first burning up the sludge

by the hclj) of the current of air drawn through the gravel

stones nearly three times as much sewage may be nitrified

and purified with a given area of surface as has been previ-

ously purified by sand fih ration.

It is desirable that experiments upon this method of filtra-

tion be continued and its limits determined.

Very good etffuents have also been obtained by rapid filtra-

".tion through sand of the supernatant liquid after sewage has
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settled naturally and after the sludge has been precipitated

by chemicals.

In water filtration very satisfaQtory results in the removal

of bacteria have been obtained when filterinof at much higher

rates than formerly, even up to nine million gallons per acre

daily. These results indicate the desirability of further ex-

pei-iments to determine under what conditions satisfactory

removal of disease germs may be assured when filtering at

more rapid rates.

adat:ce to cities and towns.

Under the provisions of chapter 375 of the Acts of 1888,

entitled "An Act to protect the purity of inland waters,

and to require consultation with the State Board of Health,

regarding the establishment of systems of water supply,

drainage and sewerage," the Board is required " from time

to time to consult until and advise the authorities of cities

and towns, or ivith corporations, firms or individuals either

already having or intending to introduce systems of water

supply, drainage or sewerage, as to the most appropriate-

source of supply, the best practicable method of assuring the

purity thereof or of disposing of their drainage or sewage,

having regard to the present and prospective needs and in"

terests of other cities, toivns, corporations, firms or individuals-

which may be affected thereby. It shall also from time to

time consult with and advise persons or corporations en-

gaged or intending to engage in any manufacturing or other

business, drainage or sewage from which may tend to cause

the pollution of any inland water, as to the best practicable

method of preventing such pollution by the interception,

disposal or ])urification of such drainage or sewage : provided,

that no person shall be compelled to bear the expense of

such consultation or advice, or of experiments made for the

purposes of this act. All such authorities, corporations,

firms and individuals are hereby required to give notice to

said Board of their intentions in the premises, and to submit

for its advice outlines of their 'proposed plans or schemes in

relation to water supply and disposal (f drainage and sewage;
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and all petitions to the Legislature for authority to introduce

a system of vxUer supply, drainage or sewerage shall he ac-

companied by a copy of the recommendation and advice of the

said Board thereon J^

During the year 1893 the Board has given its advice to

the following cities, towns, corporations and individuals who
have applied for such advice under the provisions of the

general act of 1888, or under special acts relating to water

8U})ply and sewerage.

Kcplies were made during the year to applications made
from the following sources for advice relative to water

supply : Arlington, Canton, Chester, Fairhaven, Falmouth
Heights, Holyoke, Hyde Park, Kingston, Lawrence, Lex-
ington, Lowell, Lynn, Marlborough, jSIedford, Melrose (three

replies), Mendon, Methuen (two replies), Xewburyport
(two replies), North Andover, Peabody, Rockport, Salem,

Saundersville (Grafton), Scituate, Sharon, Southbridge (two

replies), South Deerfeld, Stoughton, Uxbridge, Wakefield,

Walpole (two replies), Waltham, Webster, Westborough,

West Springfield, Whitman.

Replies relating to sewerage and sewage disposal were

made in response to applications from the following sources r

Andover, Attleborough, Braintree, Brockton (two replies),

Framinghani, Holyoke, Leicester (three repKes), Xorth

Brookfield, Pittsfield, Plymouth, Spencer and Westborough..

Water Supply.

The following is the substance of the action of the Board

in reply to applications for advice relating to water supply :—

•

Arlington. The committee on water supply of the

town of Arlington applied to the State Board of Health, Dec.

24, 1892, for advice relative to the best method of obtaining

a water supply for the higher portions of the town, which

cannot be supplied from the present sen'ice, and of improv-

ing the quality of the present supply. The attention of the

Board was particularly called to a plan for pumping water

from driven wells, on the borders of the great meadows and

near the East Lexinijton railroad station, to a reservoir at a.
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sufficient height to supply the high portions of the town.

The Board replied as follows :
—

Boston, Feb. 10, 1893.

In order to ascertain the quality of water from these wells, the

Board has caused analyses to be made of the five samples sent in

by you. These samples showed the presence of an unusually large

amount of free ammonia for a ground water and a larger amount

of iron than is commonly found, both of which were probably due

to the proximity of the wells to the Great Meadows. Notwith-

standing these characteristics, if the water drawn from this source

should continue to be as good as the samples, there is no doubt

that it would be satisfactory for all water-supply purposes, and

A-ery much better than the water at present supplied to Arlington.

The great danger, however, is that with continued pumping the

"water will be derived to an increased extent from the meadow by

filtration through the peaty material, and will deteriorate and be-

•come unsatisfactory.

It is obvious from an inspection of the locality where the wells

are driven that very little if any water can come from the easterly

or down stream side of the wells owing to the presence of rock and

other impervious material, and the fall of the ground in this direc-

tion. In other directions from the wells the character of the up-

land which might contribute ground water to them is such that a

large portion of the water flows off into the meadows, and only a

<;omparatively small amount soaks into the ground, near enough to

the wells so that it will percolate directly to them. If any large

quantity of water is to be obtained from the wells, the supply must

necessarily be derived from the meadow by the filtration of water

through it into the ground beneath, and under such circumstances

it is extremely doubtful if the supply will continue to be of satis-

factory quality.

With regard to the quantity of water to be derived from this

source, the character of the material encountered by the test wells

and the results obtained by the pumping test seem to indicate that

the ground in the immediate vicinity of the wells is of favorable

character for obtaining a ground water supply. The tests have

not been sufficiently extended, however, to determine from how
large a territory wells at this place will draw water or how much

water can probably be obtained from this source. Even if the

wells should draw water from a very considerable distance, so that

all the water now coming into the Great Meadows could bo utilized,

the average daily supply in a dry year could hardly be cxpectcid to

exceed 200,000 gallons per day ; but if the water filtering through

the poaty material of the Great Meadows should prove to be of
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satisfactory quality the supply might be increased by diverting^

into the meadows some of the water from the upper half of the

main watershed, which would otherwise run to waste during the

spring over the dam of the main reservoir.

Taking everytliing into consideration the Board is of opinion

that the chances are against getting a satisfactory supply from the

proposed source either as regards quantity or quality, though some

of the doubts wliich now exist might be removed by more thorough

tests of this source if it were thought advisable to make them.

In view of the unfavorable outlook for obtaining a satisfactory

supply from the source already tested near the Great Meadows,

the Board has caused examinations to be made by its engineer of

other portions of the watershed from which your water supply is

derived. Judging from the surface indications he finds that some

of the land in the vicinity of the main brook which feeds your

reservoir promises to furnish a larger supply of ground water of

good quality than any other place upon the w^atershed, and the

Board would therefore advise that you make furtlier tests in this

vicinity. It is desirable to locate a well or wells quite a long dis-

tance, say one-fourth of a mile or more, above the present reser-

voir but not so far up stream as to be above the ridge, through a

cutting in which IVIunroe Brook flows into the stream which sup-

plies your reservoir. It is also desirable to avoid the immediate

vicinity of any large swamp, and to select a place Avhere the porous

material from which water can be pumped freely extends to a con-

siderable depth, say from thirty to fifty feet.

In addition to the question of obtaining a supply from the

ground your application also refers to the deepening of the present

reservoir with a view to improving the quality of the water.

The disagreeable character of the water drawn from the reser-

voir at times last year and also on previous occasions is caused by

the growth and decay of minute vegetable forms, and these in turn

grow in greater abundance when the water contains an abundant

supply of nitrogenous food. Experience has shown that this sup-

ply of food may be derived from organic matter in the bottom of

the reservoir or it may come into the reservoir in the water which

supplies it. In the present case the supply of food for these mi-

nute organisms may be derived from both these sources, as there

is a considerable amount of organic matter in the bottom of the

reservoir, and analyses show tliat the water of the brook entering

the reservoir contains a liberal supply of nitrogen, a result which

might be expected from the population upon the watershed and

the heavy manuring of portions of it.

The removal of all mud from the reservoir and the deepening of
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the shallower portious would iiudoubtedly have a decided tendency

to improve the character of the water. Of these improvements,

however, the removal of the mud is of greater importance than the

deepening of the shallower portions of the reservoir where it has a

gravelly bottom ; still, both of them are very desirable. There can

be no certainty, however, of any radical change for the better in

the quality of the water, as these improvements would only remove

one of the causes of the minute vegetable growths.

Caxton. The water commissioners of Canton requested

the advice of the State Board of Health, March 29, 1893, as

to the propriety of taking an additional supply of water from

the valley of Beaver Brook. To this application the Board

replied as follows :
—

Boston, June 2, 1893.

The State Board of Health has considered your application with

regard to an additional water supply, to be taken from the valley of

Beaver Brook above your present pumping station, in accordance

with the report of your engineer, submitted with said application.

The report above mentioned contains the results of investigations

made at various points in the valley of Beaver Brook above the

present pumping station. The nearest point at which the investi-

gations indicated the existence of a valuable additional supply is

half a mile above the present pumping station, in an extensive

meadow and swamp lying above Pleasant Street. Other investi-

gations were made about a mile above the pumping station in what

are known as the Ponkshire Meadows and from this point up to

the vicinity of the Henry Springs, so called, and the question of

taking an additional supply from Dead Meadow Brook and from

York Pond, which lies at the head of Beaver Brook, was also con-

sidered.

All of these sources except the Ponkshire Meadows may furnish

a valuable additional supply in the future, but the investigations

in the meadow above Pleasant Street indicate that a sudicient ad-

ditional supply of good water for the present may be obtained from

this source alone.

Tlie plan proposed by your engineer to meet all present require-

ments consists of a large collecting well about 2, GOO feet above the

present well, and connected with it by means of a twelve-inch pipe

laid at a considerable d(!pth below the surface of the ground. It

is also proposed by him to extend pipes above the new well and to

connect driven wells with them to furnish additional water.

Ten test wells were driven in the immediate vicinity of the pro-
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posed collecting well and at varying distances from it, and samples

of water from a portion of these wells have been analyzed b}' the

State Board of Health. The tests in this vicinity indicate the ex-

istence of porous layers beneath the surface, through which water

will flow freely ; and the samples of water collected in the im-

mediate vicinity of the proposed collecting well were of excellent

quality. At a distance of a few hundred feet from this location,

however, one sample was collected which contained enough iron to

make the water objectionable for domestic uses, and at a somewhat

greater distance in another direction an unsatisfactory water was

obtained. There is therefore some doubt wliether the water at the

location of the collecting well will maintain its present good quality

wlien a continuous draft on the well causes the water to^ flow to

this point from all directions. The tests above the collecting well

are limited in number and do not enable any definite judgment to

be formed as to the character of the water to be obtained from the

wells, Avhich, according to the proposed plan, are to be driven to

.supplement the supply from the collecting well.

Taking the investigations made in this vicinity as a whole, they

seem to indicate that it will be feasible to obtain a satisfactory

supply of water, but they do not indicate definitely how large a

territory will furnish good water, or whether the territory which

furnished samples of good water will continue to furnish water of

the same quality when a continuous draft is made upon it, nor can

the permanent quality of the water be thoroughly tested except by

producing this continuous draft, which may be done either by

driving wells, connecting them together and pumping from them

for a long time, or b}' laying the proposed main pipe and connect-

ing the driven wells with it so that they will flow continuously.

The cost of a pumping test would be so large, without adding any-

thing of permanent value to the works, that the Board advises the

laying of the main pipe as proposed by your engineer, and the con-

nection with it of driven wells, substantially as proposed by him,

in the territory where the best water can be obtained, and one or

two driven wells at the site of tlie proposed collecting well, but it

would not advise the construction of the collecting well until the

test wells in its vicinity had shown by running a long time, say six

months or a year, that the water from them was not deteriorating

in quality. After such test the collecting well could be constructed.

Chester. The committee on water supply of the town of

Chester applied to the State Board of Health, April 25, 1893,*

for its advice relative to takiui^ the water of Aiisitin, AValker



16 STATE BOARD OF HEALTH. [Pub. Doc.

and Blanclford brooks, in the towns of Chester and Becket,,

and of Horn Pond in the town of Becket. The Board replied

as follows :
—

Boston, June 1, 1893.

In response to your application of April 25, 1893, the State

Board of Health has caused an examination to be made of four

sources of water supply for Chester, namely, the Austin, Blanclford,

and "Walker brooks in Chester and Becket, and Horn Pond in

Becket.

Samples of water from all of these sources, collected by you

May 22, have been analyzed. All four samples are very soft and

there is no choice between them in this respect. In all other re-

spects the analyses of samples from the Austin and Blandford brooks

indicate that these waters are very nearly alike in quality, witli a

slight advantage in favor of the Austin Brook, and that they are

decidedly better than the waters of Walker Brook or Horn Pond.

An examination of Austin Brook shortly after a heavy rain showed

only a moderate amount of turbidity in its water, and the absence

of liouses and roads upon its watershed are a point in its favor.

It is therefore a very desirable source of supply to the extent of

its capacity. There is obviously no reason to doubt that it will

furnish the town with an ample supply of water for all ordinary

water supply purposes except during very dry seasons, and judging

from the yield of other mountain streams, in proportion to the ter-

ritory drained by them, it will furnish a suflicient quantity of

water even at such times for these purposes.

The Blandford Brook at its mouth has a watershed about one-

half greater than that of the Austin Brook, and in the absence of

definite knowledge its summer flow may be assumed to be one-half

greater than that of the Austin Brook.

The sample of water from the Walker Brook was, as before indi-

cated, not as good as those from the Austin and Blandford Brooks
;

still it would be classed as a satisfactory water in towns where

there are not so many opportunities for getting a first-class water,

and there is no reason now known to the Board why it should not

be resorted to should the other sources fail in very dry times to

furnish a suflicicnt supply. At such times it seems probable that

the water from this brook might be as good as that from the others,

but more definite information upon this point can be obtained by

collecting and analyzing a 8am[)le of water from the brook when

at a low stage.

The sample from Horn Pond indicates that at the time of its

collection the water of this source was better than that of the

Walker Brook, but not nearly as good as that of the other brooks*
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The water of ponds and other quiet bodies of water is liable to be

affected at times by growths of minute organisms which affect the

taste and odor of the water, and which, though not known to be

injurious to health, may at such times render the water unpalat-

able. This source would furnish a sufficient quantity of water,

but owing to the reasons above indicated and to tlie larger cost of

taking water from it on account of its greater distance from Ches-

ter, it does not seem to be a desirable source for the town to adopt.

In the following suggestions as to the source to be adopted and

the general plan of works the Board necessarily bases its judgment

on facts deduced from observations made in other places, and these

suggestions may therefore require modification on account of the

local conditions affecting the minimum flow of these streams, of

which the Board now has no definite knowledge. The suggestions

are that Austin Brook should be adopted as a source of supply in

any case, and that if a larger amount of water than it will supply

is needed it should be taken from the Blandford Brook near its

mouth. If a still further supply should ever be needed, which

would occur only during very extreme droughts, if at all, it should

be taken from "Walked' Brook. Should water be taken from both

the Austin and Blandford brooks it would be desirable to place

the inlet at the former slightly higher than at the latter so as to

insure taking the supply from the Austin Brook whenever it will

furnish a sufficient quantity of water, and thereby prevent the

entrance of the water from the Blandford Brook whenever it is

affected by the wash from the road near it.

Fairhayen. The authorities of Fairhaven applied to the

Board, jSIarch 10, for advice in regard to introducing a water

supply from driven wells in the easterly part of the town, to

which the Board replied as follows :
—

Boston, May 5, 1893.

The State Board of Health has considered 3'our application dated

March 10, 1893, relative to a proposed water supply for the town

of Fairl'p.vcn, to be taken from driven wells in the valley of the

Nasketucket River, a small stream situated about one and a half

miles east of the town. At this place six test wells have been

driven and are now flowing. Samples of water collected from

three of these wells have been analyzed. The analysis of the

water from the northeasterly well showed it to be a verj' pure and

very soft water, while the samples from one of the intermediate

wells and from the southwesterly well indicated water that had at

some time been polluted and again purified by filtration thiough
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the ground. As there are very few houses anywhere near the wells

and the whole watershed is very sparsely settled, the inference to

be drawn from these results is that the southerly wells intercept a

vein of water which has passed near one of the nearer farmhouses.

These results should not le<id to the rejection of this source on the

score of quality, because, not only is the water purified by its pas-

sage through the ground, but it is not improbable that when water

is pumped from this source continuously it will assume much more

nearly the character of the water now flowing from the northeast-

erly well. It would be advisable, however, in any case, if a supplj^

is taken from this source, to determine from which farmhouse the

polluting matter now enters the ground, and prevent such pollution,

rather than depend upon the purifying power of the ground.

"With regard to the quantity of water to be derived from wells in

this locality, the tests made np to the present time do not appear

to be conclusive as to whether the supply wull be suflicient for the

town for any considerable time in the future. Taking into account,

however, the results of these tests, the comparative economy of

this source on account of its nearness to the town as compared with

any source from which it is at all probable that a satisfactory sup-

ply can be obtained, the opportunities for supplementing the supply

whenever necessary from the Mattapoisett River valley, and the

excellent quality of the water which the proposed source may be

expected to furnishwithproper care to prevent pollution, the Board

is of opinion that this source is a proper one from which to take at

the present time a water supply for Fairhaven.

It has been found by experience in this State that wells encoun-

tering ledge within 20 to 30 feet of the surface do not furnish as

large a quantity of water as where the ledge is at a greater depth,

and the Board therefore advises you to make further tests of the

ground in this vicinity before locating the permanent wells in order

to ascertain if a place cannot be found where tlie ground is porous

enough to furnish water freely and where the ledge is at a greater

depth than at the present location.

Falmouth Heights. The Falmouth Heights Water Com-
pany applied to the Board, June 13, for advice relative to

taking a supply of water fiom a well or wells on the premises

of the company at Falmouth Heights, a suniin(!r resort in

Falinoutli, upcui Vineyard Sound. Tiu; Board replied as

follows :
—

Boston, July G, 1893.

In reply to your application dated .Tunc 13, 1893, relative to a

proposed water supply for the summer settlement known as Fal-
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mouth Heights, in the town of Falmouth, the State Board of Health

has caused an analysis to be made of a sample of water from a well

sunk in one of the parks at the Heights, a few hundred feet north

of Observatory Hill, and finds that the water is at present of excel-

lent quality for water supply purposes.

Without further information the Board is unable to advise in

regard to the quantity of water that can be obtained, and it should

be examined after continued use that its permanent character may
be determined.

HoLYOKE. The water commissioners of Holyoke applied

to the Board, June 13, for its advice relative to taking the

w^ater of Muiin Brook, in the town of Granville, as an addi-

tional water suj^ply for the city. The Board replied to this

application as follows :
—

BosTox, Oct. 5, 1893.

The State Board of Health received from j'ou on June 13, 1803,

an application for advice with regard to an additional water supply

for the city of Holyoke, accompanied by a plan for taking water

from Munn Brook in the town of Granville, through a pipe 20

inches in diameter, to Ashley Pond, one of the present sources of

water supply of Holj'oke.

The Board has caused an examination of the watershed of Munn
Brook to be made, also an analysis of a sample of water collected

from the brook near the proposed point of taking.

These examinations indicate that the water is soft and naturally

of very good quality ; but it is at present polluted at a few points

by the discharge of sewage into it.

This pollution should be stopped before the water is taken for

use, and as an additional precaution it is desirable that the water

should be diverted into Ashley Pond rather than be allowed to

run directly from the stream through the pipes into the city.

The amount of water which this source will furnish with a 20-

inch pipe connection to Ashley Pond is so limited that the Board

would advise the use of a pipe not less than 24 inches in diameter
;

and even with a connection of this size, the brook will not furnish,

in very dry seasons, a suflicicnt additional supply for any long

term of years in tlie future if the city continues to grow as it has

in the past, unless capacious storage reservoirs are built upon it or

its branches.

Certain sites for reservoirs have been indicated, but tlic informa-

tion furnislied with regard to their character, capacity, and cost is

too limited to warrant an opinion as to whether it is desirable to
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construct them. It has been shown, however, that it is feasible

to suppleuieut the supply to be obtained from Muun Brook by a

comparatively short connection from the Westfield Little River

;

so that if Munn Brook should prove insufficient, there may be an

opportunity to obtain a further supply from this river.

The Board has also caused an examination to be made, in a

general way, of other available sources, among which may be men-

tioned the "NYestfield Little River above referred to, and Bachelor

Brook in Granby, both of which would furnish more water than

Munn Brook ; the former by gravity, and the latter by pumping.

Neither of the three sources which have been mentioned ha9

such a distinct advantage over the others as to enable the Board to

advise, with the information now available, as to which is the most

appropriate source of water supply for Holyoke.

It is obvious that a further water supply for Holyoke is urgently

needed ; and in view of the fact that an adequate additional supply

will necessarily require a large expenditure of money, the Board

advises you to have made, as promptly as possible, with the assist-

ance of an engineer skilled in water supply investigation, a much
more thorough investigation of the available sources than has yet

been made.

When this additional information is received, the Board will

advise you further in this matter.

Accompanying this reply will be found a table of analyses of

samples of water collected from various sources.

The water of streams varies so much from time to time that it

will be advisable to have further analyses made as a basis for

forming a judgment as to the relative quality of water from the

different sources. The Board will cause these analyses to be made,

if you will provide for collecting the samples.

Hyde Park. The Hyde Park Water Company applied

to the Board, May 2G, for advice as to the propriety of in-

creasing their present supply of water by the use of driven

wells north of their present driven well system. The Board

replied to their application as follows :
—

Boston, Jnno 14, 1893.

The State Board of Health has received and considered your

application dated May 2G, 1893, asking it to examine and report

upon the quality of water from a new system of driven wells,

located just north of the present driven well system in Hyde Park.

Samples of water have been collected and analy/.ed from three

wells of this system, one being the well nearest the river, another
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a well near the middle of the system, and a third the well farthest

from the river. These samples were all collected by pumping with

a hand pump. The water from the well nearest the river (well

No. 5) gives the same indications of imperfect filtration which are

characteristic of water from the starch factory well, though not to

so great an extent. This water would not be of satisfactory

quality for water supply purposes. The samples from the 'inter-

mediate well and from the one farthest from the river (wells Nos.

14 and 3G) resemble in character the water taken from your present

driven well system five or six years ago and are of satisfactory

quality. Just what the effect will be of continuous pumping from

the wells which now furnish good water cannot be foretold with

certainty. The general experience under these circumstances, how-

ever, is that the water will deteriorate. The Board would therefore

advise tliat if you take any water from the new system of wells

each well should be provided with a gate so that it can be shut off

if it furnishes water of unsatisfactory quality, and frequent tests

should be made to determine whether or not the water is deterio-

rating.

It is very desirable that in increasing your supply in the vicinity

of j'our present pumping station water should be taken from the

ground as far from the river as suitable porous material can be

found.

Kingston. The water commissioners of Kinprston ap-

plied to the Board, June 9, for its advice relative to increas-

ing their water supply by taking the water of Jones River,

in case their present ground-water supply should prove insuf-

ficient. The Board replied as follows :
—

Boston, July 6, 1893.

The State Board of Health received from you on June 9, 1893,

an application with regard to using Avater from Jones River this

summer for an additional water supply if the supply from the pres-

ent well and filter-gallery should prove insullicient.

The Board caused samples of water collected from Jones River

at Kingston iu October, 1887, and in February, 1890, to be an-

alyzed, and these analyses indicate that the water has a rather

dark color, owing to the drainage from swamps on the watershed,

and that it would not be wholly satisfactory to the consumers cither

in taste or appearance. With regard to its relation to the health

of the consumers it may be said that in a case like this a chemical

analysis of the water is not a trustworth}' guide. The experience

of the Board has shown that a runniuij stream which receives sew-
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age above the point where the water is taken from it is one of the

most dangerous sources of water supply ; because, if the infection

of any specific disease is turned into the stream, it is much more

likely to be conveyed to the water works intake and thence to the

consumers before it loses its virulence than if the sewage entered

a large pond or reservoir where there is no current.

The advice of the Board is therefore that the town of Kingston

should not use the water of Jones River even temporarily without

first ascertaining by an actual inspection of the main stream and

its tributaries that no sewage is turned directly into them ; and it

is the further opinion of the Board that this river is not an appro-

priate source from which to take a permanent water supply for

Kingston.

Lawrence. Application vt^as received from the Lawrence

water board for information in regard to the results of

filtration of the water supply of the city through the filter

covering two and a half acres, built by the city during the

past year at an expense of about $65,000.

The water supply is drawn from the Merrimack River

about nine miles below the entrance of the sewage of the

city of Lowell, and for many years typhoid fever had pre-

vailed in Lawrence to the extent of three times the average

of the cities of the State, and following six or eight weeks

after its prevalence in Lowell.

Under date of December 5, the following reply was

made :
—

The filter bed built by the city of Lawrence under the advice

and in accordance with plans of the State Board of Health, has

been steadily purifying the water supply of the city since the

twentieth of September.

When commencing to construct the filter, you were advised

that "with such a filter, properly managed, the experiments of

the Board of Ilealtli indicate that at least 98 per cent, of all of the

bacteria of the river water will, under all circumstances, be re-

moved." During the past two months the filter has been removing

this percentage of all the bacteria of the river water, but this is

not all that it accomplishes ; it removes a large part of tlie organic

matter of the river water and converts it to mineral matter, thus

removing from the water the; food material which the bacteria live

upon, and the result is that the two per cent, of l)acteria remain-

ing after the water has passed through the filter find their condi-
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tions of life so uufavorablc that tliey decrease as the water goes

on through the reservoir and through the distributing pipes, until

when the water reaches the citizens there remains but one-half of

one per cent, of the number of bacteria in the river water, that

is, ninety-nine and one-iudf per cent, of all have been removed.

The experiments of the Board indicate that the small number

remaining are of a few hardy kinds that are not known to be in

any way injurious to health, and leave the strong probability that

all disease-producing germs have been removed.

It will be a satisfaction to the citizens to know that while for

the past five years the number of deaths by typhoid fever in

Lawrence has averaged five for the month of October and five for

the month of November, the number of deaths this year has been

only one for each of these months.

Lexington.* The water company of Lexington applied to

the Board, Februaiy 15, for its advice relative to an addi-

tional water supply, and the Board replied as follows :
—

Bof^Tox, May 4, 1893.

The State Board of Health has considered your application,

dated Feb. 15, 1893, asking tlie advice of the Board in regard to

an additional water supply for the town of Lexington. This ap-

plication was accompanied by the report of the civil engineer

employed by you to make investigations for an additional water

supply for the town, and by a plan prepared by him of proposed

storage reservoirs on Vine Brook, above your present works. The

attention of the Board was subsequently called by you to the

covered gallery, built last year, for the collection of ground water,

in the sandy plain near the village, and connected with your pres-

ent ground water sources.

Th-3 report of your engineer relates to examinations for a supply

from entirely new sources as well as to augmenting the present

supply by additional works within the territory from which it is

derived. The examinations for new sources were made in a

w^estcrly or north-westerly direction from the central village of

Lexington, in territory' from which the water drains toward the

Shawsheen Kiver in the town of Bedford, and extended to a point

nearly two and a half miles from the village. The larger streams

within this territory will not furnish directly a water of satisfactory

quality for the purposes of a public water supply, and the smaller

streams at the points where the water is good will furnish so little

water that it would be ditlicult, if not impracticable, to obtain from

them a sudicicnt quantity of water for Lexington. The test wells
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driven iiuder the directiou of j'our engineer within this territory

give unfavorable indications with regard to obtaining a satisfactory

ground water supply from it.

The difficulty of obtaining a supply from any new source about

Lexington, as indicated by the special examinations of your en-

gineer in the territory mentioned, and a general examination of

other possible sources, seems to warrant the adoption of measures

for developing the present supply which might not be warranted if

a much better source could be obtained within a reasonable distance

from the town.

It is understood that your present ground water sources now

furnish an ample supply of water during all but the dryer portions

of the year, and that the reservoirs shown upon the plan submitted

are intended to supply the deficiency at such times. The lower of

the two reservoirs is considerably further up stream and about

five times as large as the one proposed by you in 1891, and referred

to unfavorably in the reply of the Board to you dated April 7th of

that year. The present location is much better than the old one,

but, owing to the fact that some of the land above the reservoir is

cultivated , and that so small a quantity of water will flow into it

owing to the limited size of its w^atershed, much care will have to

be taken to maintain the water in a pure and satisfactor}'^ condition.

In the preparation of the reserv^oir all soil and vegetable matter

should be removed from its bottom and sides, and the shallow por-

tions should be deepened. A liberal amount of land should be

acquired around the reservoir for its protection, and suitable ar-

rangements should be made to prevent any washings from manured

fields from flowing into it. It would also be necessary to tak^

proper measures to prevent any contamination of the water by the

drainage from a large stable at the extreme upper end of the water-

shed.

The upper reservoir is less satisfactory than the lower one as it

is shallow and has so small a watershed that the Avater would stand

in it a very long time before being replaced by fresh water, and it

would probably become unfit for use. If, therefore, you decide to

increase the supply by storing the surplus water which flows off

during the wetter portions of the year, the Board would advise that

the u[)pcr reservoir should not be constructed and that the lower

one should be enlarged as much as possible by locating the dam
somewhat further down stream, and by excavating within the

reservoir. Tlie suggestion of your engineer that " some additional

ground water might be brought into the puinp well by laying an

open-jointed sub-drain in the trench with the leading main from

the reservoir, making the joints tight wherever the pipe passed
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through u muck deposit," is one worthy of adoption shoukl the

portion of the pipe trench tln-ough the sandy hand toward the ])ro-

posed reservoir be found to furnish water freely.

An analysis has been made of a sample of water collected from

your covered gallery near the village, and the water is at the

present time of satisfactory quality for domestic use. At the time

the sample was collected water was not being drawn from this

source, and as its quality may change when there is a draft upon

it you are requested to notify the Board when you begin to use it,

and further examinations will be made.

Lowell. The "Water Board of Lowell applied to the

State Board of Health, May 9, for its advice relative to

taking an additional supply of water from the valley of

River Meadow Brook in the south part of Lowell. The

Board replied as follows :
—

• Boston, Mar 15, 1893.

Samples of water from driven wells in this locality were sent in

to the Board by your engineer last autumn, and the water was then

found upon examination to be of excellent quality for all the pur-

poses of a public water supply. This portion of the city, however^

is growing rapidly and in order to maintain the purity of the water,

if a supply is taken from this source, the eity should control the

land for a considerable distance from the wells in all directions so

as to prevent the construction of buildings near them, and should

extend the sewerage system of Lowell so as to carry away from

all buildings the sewage which might otherwise find its way by

filtration through the ground into the wells.

The time within which j'ou desire a reply is too limited to permit

the Board to make sulliciently extended investigations to serve as

a basis for an opinion as to the quantity of ground water which

can be obtained from the valley of this brook within the limits of

the city of Lowell, nor does such an opinion seem accessary at the

present time when you are constructing extended works by which

the capacity of this source can be tested.

Lynn. The mayor of Lynn applied to the State Board of

Health, January 31, for its advice relative to taking the

water of Saugus River and its tributaries as an additional

supply for Lynn. The Board replied as follows :
—

Boston, April 4, 1893.

The application is not limited to any particular portion of the

river and its tributaries, but the attention of the Board has been
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directed chiefl}' to the territory above Hewlett's dam, to wbicli tbe

works of tbe Lynn water supply now extend. Above tbis point

on the river are situated the towns of AVakefield and Eeading

which turn so much polluting matter into tbe streams as to ren-

der the Saugus Eiver at tbis point an unfit source from which to

take a water supply, unless tbe water is very thoroughly purified

by filtration. This polluting matter enters Quannapowitt Lake

and its tributaries and the streams which flow through Wakefield

and enter tbe river below the town. If these polluted waters were

diverted, those coming from tbe remaining portions of the water-

shed would be comparatively free from pollution by sewage.

No extended chemical examinations of these unpolluted sources

have been made, with tbe exception of Filling's Pond, but judging

from an examination of the water at this season of the year and a

few previous analyses, it seems probable that some of the water,

particularly that from the river itself, would be unsatisfactory for

water supply purposes, owing to the large amount of swampy Itind

with which the water comes in contact, thereby making it very dark

in color and giving it a peaty taste and odor.

Pilling's Pond is an artificial millpond made by flowing a meadow
to a depth of four feet. The State Board of Health in 1888 ad-

vised the Eevere Water Company that tbis pond was not a suit-

able source of supply for the towns of Pevere and Winthrop,

owing principally to the fact that if used as a principal source of

supply it would necessarily be drawn very low in the sununer.

The water, however, is of fairly good quality considering the very

small depth of the pond and it might be used by Lynn in connec-

tion with present sources until a better supply can be obtained.

There is a very large amount of flat land adjacent to the river

between the dam at Montrose and Lake Quannapowitt and it

seems not improbable that a valuable ground water might be ob-

tained from this territory, although there are no means of deter-

mining at all definitely at the present time either the quantity or

tbe quality of water which could be obtained. It is not improb-

able, however, that the quality of the ground water would be very

much better than any surface water supply from this vicinity and

the quantity may be as large as would be furnished by the surface

water sources after excbiding the polluted water of Lake Quanna-

powitt and the brook which receives the drainage of AVakelield.

Tlie Board recognizes the gravity of the present situation of the

Lynn water supply and would therefore advise that provision

should be made at the earliest possible moment for supplementing

the present supply with the best water which can be obtained from

the SauKus Kiv(!r watershed.
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In order to provide any other than a very temporary supply of

potable water from the Saugus River valley, it is obvious that the

works must necessarily be somewhat comi)lex and expensive, and

it is not at all probable that a fairly permanent supply can be

obtained from this source. The Board would therefore advise that

before entering upon any extensive works in this valley, the whole

subject of a further water supply from this valley, and from other

available sources, should be carefully investigated. One of the

first points in such an investigation should be the examination of

the territory near the river, between the Montrose dam and the

next dam above, with a view to obtainiug a ground water supply.

The Board has now before it an application from the "Wakefield

Water Company, asking for advice Avith regard to an additional

water supply for the towns of Wakefield and Stoneham, to be taken

from filtering galleries, wells or basins, upon the banks of that

portion of the Saugus Eiver lying within the limits of the town of

Wakefield, above the milldam at Montrose. The Board is aware

of the fact that the Wakefield Water Company has practically

reached the limit of capacity of Crystal Lake, its present source of

supply, and that the other source, viz.. Lake C^uanuapowitt, from

which the water qompany was originally authorized to take a

further supply, is not of suitable qualitj' for water supply purposes.

It is therefore of opinion that the right of Lynn to take water from

the Saugus Kiver valley should be so far restricted as not to pre-

vent these towns from receiving from it as much water as may be

needed for their supply, in addition to the quantity of water which

Crystal Lake will furnish.

It is not feasible from present information as to the amount of

water which can be obtained from different places, to make a fair

:apportionment of the territory between Lynn and these towns ; the

Board therefore concludes that Ljmn should be granted the right

to take water from any portion of the valley of Saugus River, not

already granted by the Legislature to some other town or water

company ; but that thi-s grant should be subject to the restriction

that the towns of Wakefield or Stoneham, or the company sup-

plying them with water, may be authorized to take water from this

valley at any point within the limits of the town of Wakefield, and

to the extent required to furnish in connection witii Crystal Lake,

the present source of supply, a supply of water for these towns.

In connection with this restriction it would, of course, be fair to

provide that whenever these towns, or the company supplying them

with water, take a supply from any source in the Saugus valley

other than those already controlled by the Wakefield Water Com-
pany, they should be required to pay to the city of Lynn a fair
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proportion of the amount already paid by said city for water or

land damages, and if they should utilize to any extent works

previously constructed by the city, they should pay a fair propor-

tion of the cost of these works.

The Board thinks it proper that a further application should be

made for its advice when you can define more specifically the

sources from which It is proposed to take water, and have by

preliminary surveys and estimates obtained the facts which are

essential as a basis for a proper decision as to the relative merits

of different sources. With this further application in view the

Board will co-operate with you by causing analyses to be made

from time to time of the water of the various proposed sources.

Marlborough. The water commissioners of Marlborough

applied to the Board, April 28, for its advice relative to con-

structing a new storage reservoir upon Millham Brook in

the west part of Marlborough, near the Nortliborough line,

and as to the probable quality of the water of such proposed

resen'oir at the end of eight years. The Board replied as

follows :
—

Boston, July 8, 1893.

The State Board of Health has carefully considered your appli-

cation, dated April 28, 1893, with regard to constructing at once

the proposed storage reservoir on Millham Brook in the vicinity of

your new pumping station. You state in your application that you

will not need the proposed reservoir for eight years or so and that

you wish for the advice of this Board as to the pi-obability of ob-

taining good water from this proposed reservoir after being flowed

fifteen feet deep for a period of eight years without removing any

of the soil.

A careful examination of the experience with all artificial reser-

voirs in the State which have not had the soil removed from them

and which in other respects are at all comparable with the proposed

Marlborough reservoir shows that in some of these reservoirs the

water was bad every summer, not only for eight years after they

were first rill<<l but for a much longer time. A typical instance of

a reservoir of this kind is the Ludlow reservoir at Springfield which

was used for sixteen years and then practically abandoned for a

new source of supply. Other reservoirs somewhat similar in char-

acter, although they may have furnished bad water when first filled,

soon began to improve, and at the end of five, eight or ten years

furnished very much better water than at first. The chances as to

whether the water will continue to be bad or will improve raate-

Tially at the end of eight years seem to be about even.
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The experience with reservoirs which have been thoroughly

cleaned by the removal of all soil and vegetable matter from their

bottom and sides, although somewhat limited, has been extremely

favorable, and from our present knowledge we should expect much

better results from a thoroughly cleaned reservoir soon after it is

filled than from an uncleaned reservoir eight years after Glling.

The Board recognizes that the element of cost is an important

factor in determining what should be done, and as the Board has

no accurate information upon this point it cannot now advise defi-

nitely as to what should be done in the matter of constructing the

reservoir. It would advise, however, tiiat a careful estimate of

the cost of thoroughly cleaning the reservoir should be made and

would urge the adoption of this method of construction if it is

found to be practicable.

Maldex, Bedford and ]\Ieleose. For many years these

suburban places have used Si)ot Pond as a source of water

supply, but owing to the rapid growth of these communities

the pond was drawn to a much lower level at the end of 1892

than ever before. The city of Maiden has for several j'ears

taken a supplementary supply from driven wells in the east-

erly portion of the city, but the other two places were at this

time wholly dependent upon Spot Pond for water. On Feb.

9, 1803, the Board addressed the following communication

to each of the water boards of jNIalden, Medford and ]Melrose,

with reference to the present condition of Spot Pond, and its

capacity for future supply :
—

Boston, Feb. 9, 1S93.

The State Board of Health has on several occasions since the

spring of 1889 considered applications for advice with regard to

additional water supplies for the three communities now using the

water of Spot Pond, and in considering these questions the en-

gineers of the Board have given much attention to the probable

yield and capacity of this sou'ce.

Some figures with logrnd !o ll'e probable condition of this pond

during the year 1893 hv.\e li.oo made in connection with a recent

api)lication for advice from the city of Medford, and as they may
be of interest at the present time they are sent to each of j'ou.

The data used are the area of the watershed as determined by a

reconnaissance upon the ground, sketching the watershed upon the

new State map itud measuring from it, the storage capacity of the

pond as determined fron\ the best maps now in existence ; also

the records of the yield of the watershed of Sudbury Kiver, which
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has been carefully measured by the city of Bostou for the past

eighteen years.

It has been found by applying these data for many years in the-

past that the results agree well with the known facts, and they may
therefore be looked upon as the best basis at present available for

determining what may be expected in the future.

"We are informed that the pond on the first day of February was
143.5 inches below high water mark, which, by the tables showing

the storage capacity of the pond, would indicate a draught from

high water mark down to this level of 731,000,000 gallons.

The following table shows for purposes of comparison the stor-

age in the pond from high water mark down to the present and

lower levels.

Distance below High Water Mark, in Feet. Storage in Gallons.

11 ft. 11^ in.,

15 ft., .

20 ft., .

Bottom of pond,

731,000,000

837,000,000

962,000,000

1,077,000,000

In making estimates as to what changes may be expected during'

the remaining mouths of 1893, the average consumption is assumed

to be 600,000 gallons per day for each community, making a total

of 1,800,000 gallons per day. It is found convenient to divide

this period into two parts, including in the first one the months of

February, March, April and May, during most or all of which the

pond may be expected to rise, and in the second the remaining

months, when under ordinary conditions it would lower, it is ob-

vious tliat it is impossible to predict exactly what will happen, but

it is fair to assume that tlie amount of water collected will not be

greater tluin tlie maximum amount during the past eigliteen years,

nor will it be less than tlie minimum amount. It is more likely to

be the average amount than any other quantity, but in as impor-

tant a problem as the water supply of upwards of .'30,000 people,

provision siiould be made to avoid a water famine under the most

unfavorable conditions which can exist.

It is found that on June first the deficiency of storage (meaning

by this term the amount of water that would be required to fill tlie

pond to high water mark) under maximum, average and minimum

conditions of yield from February 1 to June 1, 1803, would be aa

follows :
—
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Condition of Spot Pond on June 1, IS93.

^ Dfftcicncy of Sfoni?e.

Maximum yield, 331,000,000 gallons.

Average j-ield, 490,000,000 *'

Minimum yield, 677,000,000 "

For the period from June 1, 18"J3, to Jan. 1, 1894, it is obvious

that regardless of the height of the pond on June 1 the amount of

water going into the pond may be either the maximum, average or

minimum, and the following tables show the deficiency in storage

on Jan. 1, 1894, under all of these conditions.

(1) Assuming the deficiency in storage on June 1 to be 331,-

000,000 gallons, the deficiency on Jan. 1, 1894, will be as fol-

lows :
—

Deficiency.

Maximum yield, 172,000,000 gallons.

Average yield, 535,000,000

Minimum yield, 692,000,000

(2) Assuming the deficiency in storage on June 1 to be 490,000,.-

000 gallons, the deficiency on Jan. 1, 1894, will be as follows :
—

DoficiiMii-y.

Maximum yield, 319,000,000 gallons.

Average yield, 685,000,000

Minimum yield, 841,000,000

(3) Assuming the deficiency in storage on June 1 to be 677,-

000,000 gallons, the deficiency on Jan. 1, 1894, will be as fol-

lows :
—

Deflcioncy.

Maximum yield, 494,000,000 gallons.

Average yield, 803,000,000 "

Minimum yield, 1,018,000,000

The most important conclusions to be drawn from the tables are,

first, that with the average conditions from now until next January

the pond will be at substantially the same level as at the same time

this year ; second, that if either one of the periods into which the

year has been divided furnishes the average quantity of water and

the other furnishes the minimum quantity, the water in the pond

will be reduced to the l.")-foot mark ; and lastly, that if the yield

for both of these periods should be a luinimum the pond will be

drawn practically to the bottom.

All of these estimates are based upon an average draught of

1,800,000 gallons daily from the pond, but it is doubtful if the

draught can be kept as low as this without supplementary supplies
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to furnish a portion of tlie water used. It is probable that a larger

draught than the amount abov^iven has had an influence in lower-

ing the pond during the past year. The net loss of storage from

the pond from Feb. 1, 1892, to Feb. 1, 1893, was 338,000,000 gal-

Ions. The same loss in the next twelve months would take all of

the water out of the pond.

Not only should the conditions for the remainder of the present

year be considered but the conditions which will exist subsequeutl}'^

until the time when a permanent supply is introduced should be

considered, and it is therefore of the utmost importance that meas-

ures should be taken immediately, by providing supplementary

sources or by making arrangements with some community which

has water to spare, to get as much water into the pond as possible,

or, what is the same thing, to take less water from the pond so as

to have a larger supply in the pond to provide for the future con-

tingencies, such as a rapidly growing population and supplementary

supplies which may become unsuitable for domestic use. Every

million gallons of water which can be added to the pond has a dis-

tinct value to the three communities now depending upon this

source, which is much in excess of the mere cost of pumping the

water, and it would be a benefit to all of the communities if a fixed

price were made per million gallons of water, which should be

charged to each community drawing more than a certain defined

quantity and credited to any community taking from the pond less

than this amount. This would offer an incentive for individual

action on the part of those places which now have or can provide

supplementary sources of supply and would not be unjust to any

town that may be unable to obtain a supplementary source, as tliis

town would only pay to the others what it would save in the cost

of constructing and maintaining a pumping plant.

Medford. The water commissioners of Medford ajiplied

to the Board, Jan. 4, 1893, for its advice relative to taking

an additional water supply from wells west of Forest Street

in Medford. The Board replied as follows :
—

Boston, Feb. 2, 1893.

The State Board of Health lias considered your application in

regard to an additional water sui)ply to be taken from driven wells

in the flat open land west of Forest Street, wlicre test wells have

alrjciady been driven.

The Board has caused analyses to be made of samples of water

taken from these wells and finds tliat it is a water wliich has at
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some time been polluted, but which has been very thoroughly

purified by its passage through the ground. The water as it now
comes from the ground would be entirely satisfactory to the con-

sumers as a drinking water, but it is much harder than the Spot

Pond water and therefore would not be as good for washing pur-

poses and for use in boilers. The hardness of the water, however,

is not as great as that of several water supplies which are now in

use in this State, and if the quality of the water remains as at

present it would be satisfactory for the purposes of a public water

supply. The situation of the test wells, however, is such that it

seems probable that when a continuous draft is made upon the

ground the water will be drawn in part from the territory south of

the wells where there is a large population, and the water will

become harder than it is at present, and it may be less perfectly

purified ; moreover, even if a large tract of land is purciiased and

controlled by the city for the protection of a water supply at this

place the growth of the city will undoubtedly cause a material

increase of population upon adjacent land, which contributes a

portion of the water to supply the wells, and the character of the

water may be further unfavorably affected in this way.

The Board would not therefore advise the construction of works

for taking a permanent supply from this place, but in view of the

necessity for supplementing the supply from Spot Pond, advises

that this is a suitable source from which to obtain a temporary

supply. The quantity of water to be obtained from this source is,

with the present information, somewhat indefinite. It seems very

doubtful if the source can be depended upon to furnisli more than

from 200,000 to 400,000 gallons per day continuously, though it is

not impossible that during the wetter portions of the year a con-

siderably larger quantity of water might be obtained.

In addition to the driven wells there is another source from
which a temporary supply might be obtained, viz., the stream

which flows just west of Forest Street, below where Klin Street

joins it. Above this point there are very few houses or other sources

of pollution upon the watershed, the area of which as measured
from tiie State map is 0.58 square mile. An analysis of the water

recently made shows that it is at the present time of suitable

quality for water supply purposes, except that before being pumped
it should be stored in a reservoir sulHciently large to permit the

floating particles which are almost always found in brook waters

to settle. During several months of an ordinary year the flow of

this stream should be as high as 000,000 gallons per day, and dur-

ing two months or more of such a year it should range from one to

two million gallons per day. This source has the advantage that
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it is very near the main pipe which leads to the town, and the

water would have to be lifted to a less heioht to force it into the

main. It is obvious, however, that in order to make it of value in

the present emergency the works should be constructed at once so

as to take advantage of the larger amount of water which flows in

the spring of the year, as the amount of water to be obtained from

this source in the summer would be comparatively small. The

water would also be soft and suitable for laundry and boiler pur-

poses, though not as palatable as that taken from the ground.

The choice of these two sources or wliether both of them shall

be utilized is a question which is left for 3'our decision. The

Board, however, considers it imperative that a supplementary sup-

ply or supplies should be provided at once b}'^ the communities using

the water of Spot Pond in order to avoid a water famine during the

next autumn and winter.

The results of certain computations with regard to the future

condition of Spot Pond and a suggestion as to measures which

should be taken to prevent the supply from being exhausted are

embodied in another communication, a copy of which will be sent

to you and to the water boards of Maiden and Melrose. (See

pages 28-31, preceding.)

Melrose. The committee on additional water supply of

Melrose applied to the State Board of Health, Dec. 5, 1892,

for its advice as to the propriety of taking, either alone or in

conjunction with Maiden and Medford, the waters of Great

Pond, in North Andover, together with Mosquito Brook and

Boston Brook in the same town, as additional sources of water

supply. The Board replied to this application as follows :
—

Boston, Jan. 16, 1893.

In your application of Dec. 5, 1892, giving notice of your

intention to provide an additional water supply for the town of

Melrose and asking the advice of the Board in regard thereto, you

make the following statement: "The plan proposed is, alone or

in conjunction with the cities of Maiden and Medford or either of

them, to obtain authority from the Legislature to take and hold

the waters of Oreat Pond in North Andover, and to accpiire by

purchase or otherwise the waters of Mosc^uito Brook and Boston

Brook in said town of North Andover."

Tiie State Board of Health has up to the jjrcsent time received

no ap[)licatioiis relating to these souro(;s fi'oni tlie citi(!S of Maiden

or Medford and therefore considers only the first alternative, viz.,

a sup[)ly for Melrose alone.
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Great Poiul only has been investigated by the Board up to the

present time, and it is found from tliis investigation and analyses

of the water of the pond that the water is of satisfactory quality

for all the purposes of a public water supply and that the quantity

of water which the pond will furnish will be more than suflicient

for the probable population of Melrose for the next thirty years.

Owing to the fact that the pond is situated whollj' within the

town of North Andovcr the Board is of opinion that this town has

a primary right to so much of the water of the pond as is necessary

to supply its inhabitants with water.

With regard to the appropriateness of this source for a water

supply for the town of Melrose, the Board thinks it highly prob-

able that a sufficient supply of good water for the town can be

obtained at a less distance than sixteen miles and with less ex-

pense ; and for this reason, and having regard for the interests of

other communities much nearer Great Pond, which may in the

future need its waters as a source of water supply, the Board ad-

vises the town to make examinations of nearer sources, and until

such examinations are made is unable to advise that this is the

most appropriate source of supply for the town of Melrose.

The Board will investigate the other sources mentioned in your

application and advise you with regard to them as soon as prac-

ticable.

On February 3 the Board transmitted the following further

communication upon the same subject to the committee on

additional water supply of Melrose :
—

Boston, Feb. 3, 1893.

The State Board of Health in its communication of Jan. 16,

1893, to your committee, relating to an additional supply of water

for your town from Great Pond iu North Andover, stated that

further advice would be given with regard to the other sources

mentioned in your application, viz., Mosquito and Boston brooks.

The a[)plication apparently relates to so much of these brooks

as lies within the limits of the town of North Andover. The areas

of the watersheds of these brooks above the points where they

cross the town boundary, as measured from the topographical map
of the State, are respectively 7.51 and 6.36 square miles, and their

distances at these points in an air line from Melrose are 14^ and

12A miles. These watersheds have been examined upon the map
above mentioned, and upon the ground by one of the engineers of

the Board, and they were not found to have any special character-

istics which would make them as a whole particularly appropriate

as sources of suiiply for Melrose or as desirable as other water-

sheds nearer the town.
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It has been learned from statements made b}^ a member of your

committee and by your engineer, tliat it is proposed to utilize only

so much of the upper end of these brooks as can be diverted by

gravity through a ditch or canal along the side hill into Great Pond.

In this case the area of watershed to be utilized is, according to

the map above mentioned, in the neighborhood of three square miles

instead of the total of about fourteen square Biiles above the town

boundary. The three square miles are sparsely populated so that

there is little danger that the water will be polluted, but there are

swampy areas which give the water of the larger (Boston) brook a

high color which would be objectionable if the water was to be

taken directly into the pipes. If, however, this water is diverted

as proposed into Great Pond its color will nearlj' disappear by long

storage and by mingling with the nearly colorless water naturally

in the pond.

The Board is of opinion that the town should not seek to acquire

rights to the whole of Mosquito and Boston brooks within the

town of North Andover, as the portions not available for diversion

into Great Pond may be needed in connection with water supplies

from the Ipswich Valley for other places in the eastern part of the

State. If, however, the town of Melrose should be granted the

right to take the waters of Great Pond it is appropriate that it

should also be granted those portions of Mosquito and Boston

brooks which can be diverted by gravity into it.

The water board of Melrose applied to the State Board

of Health May 16, for its advice as to taking an additional

water supply from wells to be driven in the meadow upon

the north side of EU Pond, and on July 5, the committee

on additional water supply applied for advice with reference

to taking water from other sources. The Board replied

to these applications as follows :
—

Boston, Aug, 10, 1893.

The State Board of Health received from the INIolrose water

board on May IG, 1893, an application for its advice relative to a

proposed additional system of water supply to be taken from tlie

ground on the north side of Ell Pond. On July 5 a second ap[)li-

cationwas received from the committee on additional Avater supply

for advice relative to taking a supply from Martin's Meadows, so-

called, from P>c'nnett'3 Pond or Meadows and from tlie Wakefield

Water Company. On July 5 the last mentioned application was

amended by adding Long Pond and its immediate vicinity to the

sources before mentioned.
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Before considering these sources in detail it will ho well to refer

in a general wa}' to the capacity of your present source of supply,

8pot Pond, and to the needs of your town.

Spot Pond during a year of average rainfall will supply to each of

the communities taking water from it about 030,000 gallons of water

per da}' ; and, during a series of dry years, such as have occurred

in the past, will furnish about 500,000 gallons per day to each

connnunity without falling to a lower level than it reached in Feb-

ruary, 1893. "With the pond at its present low level it cannot be

depended upon to furnish even 500,000 gallons per day to each

community if the next two or three years should be unusually dry.

The consumption of water in Melrose by the meter records from

September, 1892, to June, 1893, inclusive, averaged 5G5,000 gal-

lons per day, which is 65,000 gallons in excess of the safe capacity'

of the pond for a series of dry years, even assuming it to have

been filled in the spring, and still more in excess of its capacity in

its present low condition. It is obvious, therefore, that to meet

even the requirements of the present and the very near future it

will be necessary to provide an additional source of supply or to

decrease the consumption of water.

The consumption of water in ]Mrlrose at the present time is about

57 gallons per inhabitant, which is more than the amount used by

most towns similarly situated. As instances of low consumption

per inhabitant may be mentioned : Brockton, 25 gallons ; Middle-

borough, 26 gallons ; North Attloborough, 26 gallons, and Fall

River, 2G gallons. On the other hand, Beverly uses 70 gallons,

Braintree 62 gallons, and Brookline 80 gallons. During the pe-

riod from Septem1)er, 1892, to June, 1893, inclusive, Maiden used

50 gallons and ^Medford 48 gallons per inhabitant.

It seems highly desirable that Melrose should take energetic

measures to restrict waste, but in view of the fact that the present

demands upon Spot Pond so largely exceed its capacity, and hav-

ing regard to the present low state of the pond and tlie greater

demand for water from year to year, due to the increasing popu-

lation, the Board is of opinion that a further supply should be

obtained without delay.

The great expense to which Melrose would be subjected if it

should attempt to obtain by itself a permanent supply of water,

which can only be had from a comparatively great distance, the

fact that tiie Legislature has already directed that investigations

be made with a view to obtaining a water supply for Boston and

its suburbs, and the need of an immediate addition to tiie present

supi)ly, all lead to the conclusion that it is wise to obtain at a

comparatively small cost a temporary sujipl y which will meet the
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requirements for the next five or six j^ears. Should any of the

sources mentioned by your committee be adopted, they should be

considered merely as temporary sources -which will have to be

abandoned whenever the quality of the water becomes impaired by

the growth of population upon the territory from which the supply

is derived or by other causes, or whenever a more satisfactory and

permanent water supply is introduced.

Of the sources mentioned by the committee it may be said that

the water of Bennett's Pond, if taken directly from the pond, would

not be of suitable quality on account of the large population near

the upper portion of the brook which feeds it. "With regard to a

ground water from the vicinity of Bennett's Pond, no definite

answer can be given because no investigations of the ground at

this place have been made. It is not improbable that the quality

of the water would be good, but, judging from the surface indica-

tions, this source could hardly be expected to furnish a sufficient

quantity of water to make it a desirable one to adopt at the present

time.

Long Pond by itself would not furnish a sufficient quantity of

water to warrant taking an additional supply from it, and if a

stream which flows near its westerly end should be diverted into it

the quality of the water would not be satisfactory if taken directly

from the pond. With regard to obtaining a ground water supply

in this vicinity no investigations of the ground have been made, but,

judging from surface appearances, the conditions are even less

favorable than in the vicinity of Bennett's Pond,

The Wakefield Water Company now takes its supply from

Crystal Lake, and the water is of suitable quality for the purposes

of a public water supply. The quantity of water wiiich this source

will furnish in a series of dry years is but little, if any, in excess

of the present requirements of the two towns now supplied by the

Wakefield Water Company, and the only water wliich this company

has to spare is the excess, during years of average or high rainfall,

above the requirements of the two towns now supplied. The

Board, tlierefore, docs not advise the town of Melrose to depend

upon the Wakefield Water Company for its additional supply. On
the other liand, it is extremely important as a precaution against a

water famine in the next few years that Spot Pond should be again

filled, a result which can be accomi)lished if each of the connnuni-

ties now drawing water from the pond sliould obtain tlie greater

part of its supply from pome other source or sources ; and it may
therefore be desiral)!*', if suitable arrangements can be made, to

have tlie Wakefield Water Company supply as much water to Mel-

rose as the capacity of its source Avill permit.
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A sample of water collected from "Whittier's wells in Martin's

Meadows, so-called, on July 20 showed that the water obtained

from the ground at this place was of satisfactory quality for the

purposes of a public water supply, and from an examination of

the premises it seems probable that this water will remain of suit-

able quality for use, at least until there is a further increase of

population in tliis vicinity. The quantity of water which this

source will furnish is apparently limited, and it is extremely

doubtful if it alone will furnish a sufficient additional water sup-

ply for the town. Samples were also received from wells in the

meadow above the one already mentioned, but the water from

these wells was not of satisfactory quality to pump directly into

the pipes.

The territorj^ just north of f^ll Pond has been tested in several

places. The first test was made in January, 1893, by pumping

from a line of driven wells very near the pond. This test lasted

for fifteen daj's and the average quantity of water pumped is said

to have been about 461,000 gallons per day. Three samples of

water from these wells were sent to this Board for analysis. One
was taken at the beginning of the test, another a week later, and

the third at the end of the test. All of these samples were clear

and colorless and free from odor, and, although they all showed,

by the greater amount of mineral matter and hardness than the

natural waters of this region, the effect of the population upon the

territory from which the supply is derived, the analyses also show

that the water had been very thoroughly purified by its passage

through the ground.

Three additional samples taken from this vicinity in June and

Jul)', 1893, gave results which confirmed those above mentioned,

the analyses showing that in every case the water had been com-

pletely purified, chemically, by its passage through the ground.

The wells from which two of these last mentioned samples were

taken were 175 feet from the pond, while the third sample was

taken from one of the line of wells near the pond. A bacterial

examination of a sample of water from one of these wells showed

that the water was of good quality, bacterially.

There seems to be no doubt that the quantity of water which

can be obtained from the ground in this vicinity is greater than

froni any of the other sources mentioned, and the principal ques-

tion which arises witli regard to this source is as to whether the

water will remain of suitable quality for use after long-continued

pumping. The principal source of danger is that the water of the

pond, which is highly polluted, will find its way througli the ground

to the wells without being thorough.ly purified by filtration. Ex-
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perience has sbo'O'u in some cases that water may filter from a pond

to wells or to a filter-gallery and under some conditions be thor-

oughly purified by its passage through the ground, and yet under

other conditions fail to be purified. It is impracticable to predict

in the present case whether the water drawn from the ground will

deteriorate in quality from this cause. Taking into account, how-

ever, the urgent needs of your town and the difficulty of obtaining

a sufficient quantity of water from a better source, the Board would

advise that this location be adopted as a source of supply, but with

the understanding that the works are to be of a tempoi'ary char-

acter and that the water is to be analyzed frequently and its use

discontinued if it should become impure. The wells should be

located not less than 175 feet from the pond and further from it

if practicable.

On Feb. 9, 1893, the Board sent a communication to the water

boards of the three places drawing water from Spot Pond ; and,

after giving the results of estimates as to changes in the level of

the pond which would be likely to occur under varying conditions

of rainfall, the Board ended its communication with the following

statement, to which it would again call attention :
—

It is of the uhiiost importance ... to get as much water into Spot

Pond as possible, or, what is the same thing, to take less water from the

l^ond so as to have a larger suj^ply in the j^ond to provide for future con-

tingencies, such as a growing population and supplementary su])i)lies

which may become unsuitable for domestic use. Every million of gal-

lons of water which can be added to the j^ond has a distinct value to the

three communities now depending upon this source, which is much in

excess of the mere cost of pumping the water, and it would be a benefit

to all of the communities if a fixed price were made per million gallons

of water, which should be charged to each comnnuiity drawing more

than a certain defined quantity and credited to an}'^ community taking

from the pond less than this amount. This would offer an incentive for

individual action on the part of those places which now have or can pro-

vide supplementary sources of supply, and would not be unjust to any

town that may be unable to oVjtiiin a supplementary source, as this town

would only pay to the olhors wliat it would save in the cost of construct-

ing and maintaining a ])uinping j^hmt.

Mendox. The selectmen of Mciidon applied to the Board,

Dec. 27, 1808, for its advice relative to taking the water of

Mendon Pond as a ])ul)lic water Hup})ly. The Jioard replied

to this a[)plication as follows :
—

Boston, Jan. T), 1894.

The Board has ali'eady considered tiie question of the use of this

pond as a source of water supply, in response to an application
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made by the town of Uxbridge in 1892, and has caused anal3'scs

of the water to be made in October, 1892, and every month from

May to November, 1893. During all of this time the water has

been of satisfactory quality for all the purposes of a public water

supply, and there seems to be no reason to doubt that if it is pro-

tected from pollution it will continue to be of satisfactory quality

in the future.

Owing to its situation near the village of Mendon it is an appro-

priate source from which to take a suppl}' of water for the village

and any part of the town to which it may be desirable to extend

the pipes.

The amouut of water required for the supply of Mendon will not

l)e large, and in the opinion of the Board the use of the pond as a

source of water supply for Mendon should not prevent its use as

a source of water supply by Uxbridge.

Methuex. The water commissioners of Methuen applied

to the Board, April 1.3, 1893, for advice as to obtaining a

water supply for the town from driven wells near Sargent's

Brook in the east part of the town. The Board replied as

folloMs :
—

Boston, May 19. 1893.

The State Board of Health has considered your application of

April 13, 1393, relative to a proposed water supply for the town,

to be taken from driven wells near Sargent's Brook, and has

caused examinations of the premises and analyses of the water to

be made.

The analysis of a sample of water sent in from one of the flow-

ing wells showed the water to be very pure and soft, and in all

respects an excellent water for the purposes of a public water

supply. After pumping for nearly six days, however, from these

wells another sample was collected, and the character of the water

was found to have undergone a decided change and to be much

less satisfactory. Should this deterioration continue with steady

pumping, as has been the case in some other places in the State,

the water would become objectionable.

The watershed above the point where the wells are located was

examined and its area determined approximately by sketching its

outlines upon the topographical map of the State, and subsequently

measuring it. This area was found to be so small that the total

amount of Avater flowing from it, through the brook and through

the ground, in a dry year would not be in excess of the require-

ments of a water supply for Methuen, having due regard to future
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needs. It was obvious from au examination of the watershed that

much of the water would flow off through the brook, particularly

in the spring of the year, so that the supply to be obtained from,

the ground would be much less than the total flow from tlie water-

shed, and probably not enough during the dryer portions of a dry

year to supply the town as soon as water is generally introduced..

On July 5 the w^ater commissioners of Methuen again

applied to the Board for its advice upon the question of

taking a water supply for the town from wells driven near

the Spicket River at the junction of the brook leading from

Harris Pond. The Board replied to this application as

follows :
—

Boston, July 25, 1893.

In response to your application of July 5, 1893, with regard tO'

a proposed water supply for the town of Methuen, to be taken from,

driven wells located near the Spicket River near the point where

it is joined by the brook leading from Harris Pond, the Board has.

caused an examination of the locality and an analysis of a sample

•of water sent in by you from one of these wells to be made. The

analj'sis showed that the water sent in was of excellent quality for

the purposes of a public water supply. Judging from the tests

made under your direction, and from an examination of the terri-

tory in the vicinity of the test wells, it is probable that a sufficient

supply for the town for at least a few years may be obtained from

the ground near where the tests have been made, and this location

has the great advantage that it is well situated for taking a supple-

mentary supply of water from Harris Pond whenever the quantity

of water which can be obtained from the ground proves insufficient..

Newburyport. In the report of the State Board of

Health to the Legislature, dated Jan. 10, 1893 (Senate Docu-

ment 4, 1893), it was stated that the water of the Merrimack

Kiver hud been furnished directly to the citizens of Newbury-

port by the Xcwljuryport Water Company, and that a letter

had Ijcen sent to the Newbury[)ort Water Comjoany, Novem-
ber 3, informing them that the water of the Merrimack River

was unfit for domestic use, and advising them to obtain a

further supply of pure water without delay. This advice

having Ixuiu disregarded by the company, an epidemic of

typhoid fever took place in January and February, 1893,.

among the citizens of Newburyport. The Board then ad-
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dressed the following communication to the mayor of Ncw-

buryport :
—

Boston, March 3, 1893.

To the Mayor of Newburyport,

Dear Sir :— On the 3d of November, 1892, having learned that

the Newburyport Water Company had at times pumped the water

of the Merrimack River and distributed it to the citizens of New-

buryport, the State Board of Health addressed the following letter

to the company :
—

The Board, as a result of extended examinations of the eflfect of using"

the Merrimack Kiver water at Lowell and Lawrence, reached the con-

chision that it is to this cause that the excessive mortality from typhoid

fever in these cities, as "well as the very severe epidemic of this disease

in tlie Avinter of 1890-91, may be ascribed. The condition of this river

at Newburyport is worse than at either Lowell or Lawrence, owing to

the added sewage of the cities of Lawrence and Haverhill, and the town

of Amesbury.

In view^ of this condition of affairs, the Board is of opinion that the

Newburyport ^Vater Company should obtain a further supply of pure

water Avithout delay, so that there Avill be no further occasion for pump-

ing water directly from tlie river.

In the Twenty-second Annual Report of this Board, page 527,

it was shown that the introduction of a pure water supply into

Newburyport in 1881 was followed by a reduction in the death-rate

from typhoid fever of more than one-half.

It now appears from an investigation recently made by this

Board that the frequent pumping of a considerable quantity of the

water of the river has been followed very closely by an epidemic

of typhoid fever among your citizens. This epidemic, in the opinion

of the Board, is due to the use of tiie river water, following an in-

creased prevalence at places higher up the stream.

These results emphasize still more stronglj^ the opinion of the

Board expressed in its letter of November last to the Newburyport

"Water Company, relative to the necessity of "obtaining a further

supply of pure water without delay," and in the opinion of the

Board such a supply cannot be obtained by developing tlie present

spring-water sources.

The mayor of Newburj'port applied to the State Board

of Health, April 13, 1893, for advice as to taking the water

of Artichoke River, in that city and the town of "West New-
bury, as a source of water supply for the city, such water to

be purified either by artificial or natural filtration through

sand. The Board replied as follows :
—
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Boston, April 24, 1893.

An examination of this soiirce shows that by the construction of

a storage reservoir as proposed it can be made to furnish a suf-

ficient quantity of water for the city of Newburyport for a long

time in the future. With regard to the quabty of the water the

examinations thus far made show it to be a water of fair quabty,

but it would not probably be satisfactory for drinking purposes

without filtration. The Board is of opinion that it will be feasible

to so filter this water that in connection with the existing works,

or independent of them, an ample and satisfactory supply for the

<3ity can be obtained.

The Board makes a reply at this time instead of waiting for your

further surveys and investigations because it understands that its

advice is desired now in connection with pending legislation, and

will advise you further with i*egard to the filtration of the water

when the results of the further surveys and investigations are pre-

sented.

North Axdover. The committee on water supply of the

town of North Andover applied to the Board, Dec. lo, 1892,

for advice relative to taking the water of Great Pond in that

town for a public water supply. The Board replied to this

application as follows :
—

Boston, Jan. IG, 1892,

The State Board of Health has considered your application

dated Dec. 14, 1892, with regard to a proposed water supply for

the town of Nortli Andover, to be taken from Great Pond within

said town.

The Board has caused examinations of the pond and analyses of

its water to be made, and finds that the water is of satisfactory

quality for all the purposes of a public water supply and that the

quantity of water which the pond will furnish is many times in

excess of the quantity whicli will be required for the supply of the

town.

The Board is therefore of opinion that Great I'ond in North

Andover is an appropriate source from which to take a water sup-

ply for tlio town.

Peahoov. The Water Board of the town of Peabody sent

the following connnunication to the State Board of Health,

April 18, l>Si)3, relative to the tlireatoned pollution of tlioir

water 8up[)ly ]>y drainage from new settlements upon the

iriinicdiate watersheds of the two ponds used as water

supplies :
—
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Peabodt, Mass., April 18, 1893.

State Board of Health, Boston, Mass.

Gentlemen:— By a vote of the water board, I am instructecl

to respectfully represent to you a matter of vital importance to

the town of Peabody. Parties have purchased the land north of

Spring and Brown's ponds, the water supply of the town, and

have cut it up into house lots, and as the laud on both places slopes

toward the ponds, the matter of polluting the water in the ponds

is deemed of such great importance to the town that the Water
Board would respectfully request that a member of the State Board

of Health come here some time to look over the premises, and sug-

gest some remedy, if possible.

Yours respectfully,

Henry Baetje,

Clerk, Waier Board.

In compliance with this request of the water board of

Peabody, the secretary of the State Board visited the sources

of water supply of the town, in company with the water

board, and afterward addressed a letter to them, by instruc-

tions of the State Board of Health, giving such information

as to existing statutes as would be serviceable for the pro-

tection of their water supplies from pollution.

RocKPORT. An application was received from H. N>
Woods and others, and the selectmen of Rockport, Jan. 4,

1893, asking the advice of the Board relative to the taking

of a public water supply from Cape Pond, or Mill Pond
Brook in that town, and in the event of these sources prov-

ing unsuitable, from the Gloucester Water Company. The
Board replied as follows :

—
Boston, Feb. 18, 1893.

An application with regard to Cape Pond as a source of water

supply for Kockport was made to the Board on March 18, ISDO,

and the reply of the Board dated March 2G, 1890, was as follows :
—

The Board has caused samples of water to be taken from the pond and

has had them suljmittcd to ehemical nnil microscopical examination.

The water at the present time is not found by either examination to be

of satisfactorj' quality. It contained an unusually large number of or-

ganisms, and is therefore specially liable to bad tastes and odors, such

as have affected many water supplies in tlie State. It is also sliown by
analysis to contain a large amount of ammonia, which indicates the

presence of decaying matter. It is not feasible to tell whether the water
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at the present time is better or worse than at other seasons of the j-ear

;

but, as a rule, the quality of the water of ponds is worse in the summer.

In view of this unsatisfactory condition of the water, the Board cannot

at the present time advise that this pond will be a desirable source of

supply for the town of Rockport, unless the water supplied is first

elliciently filtered. If it should be found by subsequent examinations

that the water of this pond is better at other seasons of the year than at

the present time, the Board might have occasion to modify the advice

above given.

Since the above date four samples of water were collected from

the pond, in August and October, 1892, which showed by the

chemical examination the presence of more organic matter than is

desirable in water, and by the microscopical examination the

presence of a large variety and number of organisms. On the

•whole, however, these samples indicated that the water was of

better quality than in 18'J0. A sample collected in February, 1893,

shows still less organic matter and fewer organisms, so that the

water as represented by the last sample may be considered as of

satisfactory quality for water supply purposes. Notwithstanding

these changes for the better in the organic matters in the water,

the mineral contents show that there is an increasing pollution of

the pond by the waste matters which come from the glue factory

upon the watershed, and there is little doubt that if these waste

matters continue to affect the pond the water will be specially

liable to bad tastes and odors caused by too great an amount of

organic matter and too many organisms in the water, whereas if

the waste matters were removed from the watershed so that they

could not affect the pond by direct flow into it, or by filtration

through the ground, the quality of the water would probably im-

prove to a considerable extent in two or three years, and after a

longer term of years the water in the pond would resume its natural

character.

The Board is therefore of opinion that this pond should not be

used for water supply purposes unless the pollution of its water

ceases, but that if the pollution is stopped the water will become

of satisfactory quality for the supply of the town.

With regard to the quantity of water which this pond will fur-

nish, it will probably supply sufficient water for the present popu-

lation of the town but not enough to provide for a growth of

po[)ulation, and in designing works for taking a supply it would be

well to take into account the need of an additional supply, which

can probably be obtained from the streams which come from a

northerly direction into the brook which flows from Cape Pond, or

possibly from wells in the lowland through which this brook flows.
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Millponcl Brook, so-called, is naturally inferior to Cape Pond as

a source of water supply for Rockport, and it is very doubtful if it

could be made to furnish a sufficient quantity of water for even the

present population.

Salem. The water commissioners of Salem applied to

the State Board of Health, Feb. 17, 1893, for advice relative

to increasing the present water supply of the city by taking

Avater from Beaver and Norwood's ponds and Longham
Meadow, certain regions which are trilmtary to Miles River,

and conveying the same by a canal to Wenham Lake, the

present source of supply. The Board replied as follows :
—

Boston, April 4, 1893.

Investigations of the present source of water supply for Salem

and Beverly (Wenham Lake) show that the safe capacity of this

source has been exceeded to a considerable extent, and that a new
supply should be provided by the end of 1893 if not before. The
most economical source fron\ which to obtain such a suppl}' is that

referred to in the application, as these brooks, at the point where

their waters can be diverted, are only about half a mile from "Wen-

ham Lake, and so few feet below its level that the water can be

diverted into the lake without pumping by raising the water of the

brooks by means of a low dam.

Siuce your application was made two sets of analyses of water

from these brooks have been made. The first one was made on

March 1st, when there was a large amount of snow on the ground

and very little water running in the streams. At this time the

water was very dark-colored and had a disagreeable odor and taste,

so that it would be wholly unsatisfactory as a source of water sup-

ply if taken directly into the pipes. The next sample was taken

on March loth when a large part of the snow had melted and a

great amount of water was flowing in the streams. The water of

the Longham Meadow Brook at this time, although somewhat tur-

bid, owing to the presence of earthy matter, had only one-third as

much color as on March 1st and was in other respects a much
better water. The water of the brook flowing from Norwood's

Pond also showed a very decided improvement, but not as nuich as

in the other case, as the water from the melting snow had not had

time to crowd out all the water previously in the ponds on this

stream.

If the water of these streams was turned into Wonham Lake

near its outlet, as is now proposed, it would mingle with the water
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of the lake, making a mixture very much better than the water

coming from the brooks, and, in addition, the water standing for

so long a time before being used as it would in so large a body of

water as Wenham Lake would improve to a very considerable ex-

tent by bleaching and sedimentation. In order, however, to main-

tain as nearly as possible the present standard of Wenham Lake

water, it is highly desirable that only so much water as may be

necessary should be turned into the lake from these brooks, and

that it should be turned in at the season of the year when the water

in the brooks is in its best condition.

The stream at the proposed point of diversion is as before indi-

cated lower than the lake ; and, in order to divert the water into

the lake by gravity, it is necessary to raise the water in the stream

by means of a dam. The question has therefore been raised as to

whether it is not best to make a dam high enough to form a large

reservoir which will furnish a valuable addition to the present stor-

age capacity. The surveys of this reservoir have not yet been

completed and it is not feasible to tell from observation alone

what its character will be. It seems probable, however, that

unless a very large amount of money is spent in its preparation

the water would deteriorate to a very considerable extent by stand-

ing in it and that, at the present time, it would be better to con-

struct a dam having only sufficient height to turn the water intO'

the lake. Even a low dam at this place will flow the water back

for a long distance up the valley of the Longham Meadow Brook,

and if the reservoir is to be kept filled at all seasons of the year it.

should be prepared to receive this water by the removal of all soil

and vegetable matter and the deepening or filling of the shallower

portions. If, however, the reservoir should be filled to divert,

water into the lake only in the winter and spring it is not improb-

able that satisfactory results may be obtained by a less expensive

preparation.

It may be feasible by ditching or otherwise draining the swampy

lands or ponds upon the watersheds of tliese brooks to greatly

improve the quality of the water flowing in them, and the Board

would advise tliat this question of the improvement of these sources

should be investigated and that any act authorizing the taking of

these sources should contain such provisions as will permit this

work to be done.

The total area drained by these streams is much larger than that

now supplying Wenham Lake, and, in connection witli Wenham
Lake and its waterslied, should furnish a supply of water for Salem

and Beverly for a long time in the future without building a large

storage reservoir, provided the water is economically used.
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The amount of water now consumed by Salem and Beverly, as

given in the annual reports of the water boards, is unusually large

for such coinnumities, and the Board would therefore advise that

measures should be taken to restrict the waste of water ; not, how-

ever, with the expectation that the need of an additional supply can

be avoided, but rather with a view to maintaining as nearly as pos-

sible the present standard of quality of tbe water supply by adding

to it as little water from the new sources as possible, and also with

a view to making the proposed addition provide for as far in the

future as possible.

Taking everything into consideration the Board is of opinion

that the two streams mentioned in your application, including with

them a small portion of the main stream below their conlluence,

are the most appropriate sources for obtaining an additional water

supply for Salem and Beverly.

The Board has given its present views in a general way as to the

best method of obtaining such a supply from these sources, but

will advise you more in detail when you have made a further study

of the subject and can present more definite plans.

Saundersyille. The treasurer of the Saunders Cotton

Mills iu Grafton, applied to the Board j October 18, for ad-

vice as to supplying the mill and houses in its neighborhood

with water from springs upon a hill near the village. The

Board replied as follows :
—

Boston, Nov. 2, 1893,

The Board has caused an analysis of the water from one of

these springs, and an examination of the territory from which

they derive their supply, to be made. The water is very soft and

of suitable quality for all the purposes of a water supply, and the

covering which you propose to put on the reservoir will tend to

preserve the good quality of the water when it is stored. In order

to maintain the purity of the spring water, care should be taken to

exclude all surface water.

Judging from the quantity of water discharging from tiie springs

at tlie time the examination was made by the engineer of the Board,

and from statements made to h'lin as to the permanence of these

S[)rings, it seems probable that they will furnish enough water to

make them a valuable source of supply for the mill and the houses

iu its vicinity.

In addition to the sample of water from the spring, another

sample, taken from a well which now supplies water to the mill,

was analyzed. This analysis shows that a portion of the water
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coming to this well has at some time been polluted and afterwards

thoroughly purified by its passage through the ground to the well.

While there is no reason to think that this water, in its present

condition, would be injurious to the health of those drinking it,

it is a much less desirable source of domestic supply than the

springs on the hill.

SciTUATE. M. R. Simmons and otbers, and the selectmen

of Scituate applied to the Board, Dec. 10, 1892, for its

advice relative to taking water for supplying the village of

Scituate Harbor, from the valley of Satuit Brook in that vil-

lage. The Board replied as follows :
—

Boston, Feb. 21, 1893.

The general outlook for obtaining a sufficient quantity of water

for present and future requirements from the ground where the test

wells are located is favorable both as regards the area and topog-

raphy of the watershed from which the supply would come, and

because the test wells show the presence of a layer of porous sand

from which water can be drawn. The amount of water to be ob-

tained, however, will depend upon the extent of this porous layer,

and the freedom with which water can be pumped from it, and it

will be advisable to make some further tests to determine these feat-

ures before constructing works.

The sample of water collected from a flowing test well is of good

quality, and it seems probable that the quality of the water will

remain good when a supply is pumped from the ground. In some

cases, however, the quality of water from wells in a meadow dete-

riorates when pumped, and it would be well to have additional

samples analyzed when a pumping test is made.

Sharon. The Ijoard of health of Sharon, under instruc-

tions from the town, requested the advice of the State Board

of Health, Aug. 28, 181)3, with reference to the possible pol-

hition of the public water supply of the town, under existing

conditions, and as to the Ixist j)ractical)le method of assuring

its purity in the future. The Board replied as follows :
—

Bo.sTo^f, Oct. 6, 1893.

When any part of tlie territory from which a well derives its

supply is populated and the waste waters of this population are

discharged into the ground, these waters percolate downwards until

they reach the level of the water in the ground, and tlien, mingling

with the natural ground water, filter slowly toward the well. In
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such a case the dissolved mineral matters (for instance, common
salt, and the salts of lime and magnesia which make water hard)

are not removed by the filtration ; but the organic matters may be

decomposed and wholly transformed into harmless mineral matters

by filtering through the ground for a sufficient distance.

The State Board of Health has caused chemical analyses of water

from the well of the Sharon Water Company to be made from time

to time since June, 1887, the last analysis being made in Septem-

ber, 1893. These analyses show the presence in the water of some

of the mineral matters due to the population upon the territory from

which water filters toward the well, and the water, although not

hard, is harder than it would be if it were not for the population

upon tiiis territory. They also show that such polluted waters as

have mingled Avith the ground water have been very thorouglily

purified at all times, and the recent anal3'sis fails to reveal even a

trace of organic matter. It may therefore be said that the water

is very pure at the present time.

There is scarcely a doubt that the waste waters discharged into

the ground from the more distant points will continue to be

thoroughly purified before reaching the well, and the effect of an

increase in population at these points would be to increase the

hardness of the water rather than to render it injurious to health.

There is a greater probability that the water may ut some time be

polluted by the wastes which enter the ground at nearer points, say

within a distance of from 600 to 800 feet from the well ; and it is

highly desirable that within this distance this method of disposing

of the waste matters shall cease.

If there should be a very large increase of population upon the

more distant territory which contributes water to tiie well, it may
be necessary at some time in the future to provide a water-tight

system of sewers to carry off the liquid wastes, or to obtain the

water supply from some new location.

SouTiiBRiDGE. The Southbridge Water Supply Company
applied to the Board for its advice, Se})t. 5, 1893, relative

to the question of increasing the public water supply ])y

building a new dam about one mile south of the present

upper reservoir, and as to the improvement of the present

supply and storage capacity. The Board replied as fol-

lows :
—

Boston, Oct. 13, 1893.

We are informed by your engineer that this new reservoir will

have sufficient capacity to store 50,000,000 gallons ; but, as you
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have not made survey's of the watershed, to determine its area, it

is not feasible to advise you other than in a general way as to the

quantity of water which this source will furnish.

It is also the case that when this source was inspected by an

engineer of the Board, there was no water running in the stream

at the site of the proposed dam, so that it was not possible to get

a sample of water for analysis. The inspection of the watershed

by this engineer, however, indicated that the water flowing from it

was naturally of good qualitj', and that more water could probably

be obtained from this source than from the present works.

The water would probably deteriorate somewhat by storage in

this large reservoir, in any case ; but much more if the reservoir

is not cleaned, than if it is thoroughly cleaned by the removal of

all soil and vegetable matter.

In answer to 3^our second question asking the advice of the

Board with regard to the improvement of the present supply, it

may be said that it does not appear feasible to increase the storage

in a satisfactory manner nor to materially increase the quantity in

any other way. It should also be borne in mind that if you adopt

the new source and construct the large proposed reservoir upon it,

it will be feasible to operate the two systems together so as to

utilize some of the water which now flows to waste over the lower

dam of your present works in the spring of the year. For example,

when enough additional water takers have been connected with the

works to use all of the water which the present and proposed

works will furnish in a dry time, it may frequently happen that the

lower reservoir will be overflowing, while the proposed reservoir,

owing to its large size, will not be full. At such times it will be

feasible to supply the greater part of the town from the old source,

thereby permitting less of the water to flow to waste, and reserving

the water of the proposed reservoir for use during the drier portions

of the year.

"With regard to the improvement of the quality of the present

supply, the measures suggested are the removal of any organic

matter which may be in the reservoir, anrl the ditching of any

lands of a swampy nature over or through wliich the streams flow

to the reservoirs, so as to prevent, as far as possible, the water

from coming into contact with organic matter or standing upon the

surface of these lands.

It is iiiiprobaljle that your present and proposed works together

will furnish as much water as ought to be provided for a large and

growing town like Southbridge, and the Board would therefore

advise that you have thorough investigations made with a view to

determining the best source for the permanent supply of the town.
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Should you find a source which will furnish an adequate supply of

good water it would probably be a measure of true economy to

adopt it at once, rather than to spend money upon a source which

in a very few years is likely to prove inadequate, if the pipe sys-

tem of the town should be extended to any considerable extent.

Should your investigations of the larger sources lead you to con-

clude that it is desirable to adopt one of them, the Board will advise

you further in this matter when you shall have submitted the results

of your investigations.

Tho Southbridge "Water Supply Company submitted a

second application, Oct. 14, 1893, stating that they had made

the investigations ot the larger sources of supply suggested

by the Board, to -svhicli the Board replied as follows :
—

Boston, Dec. 8, 1893.

The State Board of Health received from you ou Oct. 16, 1893,

a second application with regard to increasing the water supply of

the town of Southbridge, and at a subsequent date received a plan

of a storage reservoir which it is proposed to build on Hatchet

Brook.

The Board has caused an examination of the premises by one of

its engineers, and analyses of the water from Hatchet Brook at

the site of the proposed dam, from one of its principal tributaries

and from Hatchet Pond to be made. The examination and anal-

yses showed the water to be free from pollution, and that it is soft

and of suitable quality for all the purposes of a public water sup-

ply. In order to maintain the purity of the water when it is

stored, the reservoir should be prepared for use by the removal of

all soil and vegetable matter from its bottom and sides.

Witii regard to the quantity of water, this source with a storage

reservoir constructed in accordance with the plan submitted should

furnish in the driest year a sulUcient quantity of water for a popu-

lation considerably in excess of the present population of South-

bridge, and it is capable of still furtlier development.

The Board therefore concludes that Hatchet Brook at the pro-

posed point of taking is a suitable source of water supply for the

town of Southbridge.

South Deerfield. The South Deerfield AVater Company
applied to the Board, Nov. 17, 1893, for its advice as to the

l)roprioty of taking Clapp's Trout Brook as a water supply

for South Deerfield. The Board replied as follows :
—
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Boston, Dec. 14, 1893.

Clapp's Trout Brook is a small stream which flows down the

easterly slope of the range of hills situated about two miles west

of the village of South Deerfield. North and south from this

brook there are two much larger streams which flow from the same

range of hills, namely, Roaring Brook, in the town of Whately,

and Mill River, of which Clapp's Trout Brook is a branch, in the

town of Conway. Examinations of all of these sources, by an

engineer of the Board, and analyses of the water have been made.

The analyses show in all cases a water of excellent quality, slightly

harder than most of the drinking waters of the State, but yet not

hard enough to be objectionable on this account. There was little

difference in the hardness of the samples from Clapp's Trout

Brook and Roaring Brook, though the latter had a slight advan-

tage in this respect. The sample of water from Mill River was

considerably harder than either of the others.

The quantity of water which Clapp's Trout Brook will furnish

in a very dry year cannot be accurately estimated from the infor-

mation now in the possession of the Board. It is obvious, how-

ever, from an examination of the territory and of the State map,

that the area drained by the brook is quite small, and it is doubt-

ful if this source will furnish enough water in a dry year to supply

the village of South Deerfield, after the water has been generally

introduced.

Roaring Brook will certainly furnish all the water required, and

Mill River, above the point where its water can be diverted to the

village by gravity, will probably furnish a sufficient quantity of

water. The latter source has the objection, however, that it is

much further from the village.

With its present information the Board does not advise the adop-

tion of Clapp's Trout Brook as a source of supply for the village
;

but it might modify its views if surveys should show that the water-

shed has a larger area than is now supposed, or should show that

it is feasible to build a reservoir or reservoirs upon it, in which to

store a sufficient amount of water to tide over dry periods. Tliere

seems to be no doubt that a satisfactory supply of water can be

obtained from Roaring Brook.

The Board advises you to have fui'ther investigations made to

determine whether Clapp's Trout Brook will furnisli a sulficient

supply of water, and, if it will not, to determine whether it is not

feasible to obtain a supply from Roaring Brook. When you have

further information to present the Board will advise you further

in this matter.
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Stoughton. The water commissioners of Stoughton

sent a communication to the Board, Sc})t. 7, 181)3, stating

that works recently completed for supi)lying water to the

town had proved wholly inadequate, and that the commis-

sioners desired the advice of the Board relative to taking

some new source or devisinji: some method of obtaining a

larger supply from the present plant. The Board replied as

follows :
—

Boston, Oct. 13, 1893.

In April of last year the Board received from you an application

for its advice with regard to a new water supply for the town of

Stoughton, iu which you designated the region near Kuowles

Brook and Muddy Pond for the consideration of the Board. In

the reply to this application, dated May 5, 1892, the Board, in giv-

ing tlie relative capacities of the two sources mentioned, estimated

that the ]Muddy Pond source would furnish a supply for nearly if

not quite double the present population of Stoughton, but qualified

the statement by saying that " these estimates are based upon the

assumption that loose gravelly ground can be found in both of these

locations to a depth of from thirty to forty feet, and may require

modification if examinations of the ground, which should be made
before any final decision is reached, show that this is not the case."

The reply concluded with the following statement : — " The Board

is therefore of the opinion that the most appropriate soui'ce from

which to obtain a water supply for Stoughton is the ground in the

vicinity of Muddy Pond, provided further examinations show that

porous material at this place is of sufficient depth and extent."

The new well has been located one-quarter of a mile or more

below Muddy Pond, and, owing to its location, the slight depth to

which the water in it can be drawn down with the present arrange-

ments for taiving water, and probably, also, to the somewhat

impervious nature of the material in which the well was sunk, the

quantity of water which it will supply is small. Under the present

conditions it is obviously desirable to bring additional water to the

works already constructed, if it can be done at a reasonable cost,

rather than to make any radical changes in the works.

Near the upper end of IMuddy Pond, as you well know, there

are many large springs outcropping at the base of the high land

which partially surrounds the pond. There is no reason to doubt

that this spring water, as it comes from the ground, is of excellent

quality ; and if a sullicient quantity of such water can be turned

into the present pump well it would furnish a most excelknt water

supply for the town.
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The outflow from Muddy Pond represents quite correctly the

total volume of water furnished by the springs above referred to,

and by such other springs as may be located in the bottom of the

pond or in the swamp surrounding it. A measurement of the out-

flow from the pond made on April 26, 1892, showed the volume to

be 1,410,000 gallons per twenty-four hours, and another measure-

ment made on Sept. 11, 1893, showed that the flow was then fully

1,000,000 gallons per twenty-four hours. The comparatively

small difference between the measurement made in the spring of

the year, when the flow would naturally be greatest, and in the

autumn, when the flow would naturally be low, shows that the

yield of these springs is remarkably constant.

The smaller quantity of water is about four times as large as the

average daily quantity required to supply the present population

of Stoughton. It would not be fair, however, to reckon that this

source would supply four times the present population of Stough-

ton, because, during dryer seasons, the springs are likely to be

lower than at the present time ; and provision is also to be made
for the maximum rate of consumption in summer, rather than the

average rate throughout the year. There now appears to be an

abundant supply of spring water for a much larger population

than that of Stoughton entering the pond from the springs, which

can be conveyed by an intercepting pipe to the present works.

The Board would therefore advise that provision should be made

for intercepting the spring water which now finds its way into the

pond before the water has been exposed to the light or come in

contact with the vegetable matter in the swamp surrounding the

pond, and for conveying the intercepted water to the present

works.

While the main feature of works for carrying out the advice above

given is a pipe tapping the springs and extending from them to the

present works, there are many precautions which should be taken

to insure success. The attempt should be made to collect all of

the spring water which enters the pond, and for this reason the

intercepting pipe should be everywhere at a lower level than the

water in the pond. In order to intercept the water of the springs,

the pipe through that portion of its length where the springs are

located should be laid with open joints and surrounded and covered

with a liberal amount of screened gravel. Smaller branch pipes

may also be required at those points where the spring water out-

crops in the greatest quantity.

The pipe laid from tiie territory where the water would be col-

lected to the present works should be of large size, say eighteen

inches in diameter, so tliat it will convey the water to the vicinity of
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the present collecting well with ver}' little loss of pressure due to

friction; and this pipe should communicate with the 12-inch pipe

leading from the collecting well to the pump well. The 12-inch

pipe should have a check valve on it above the point where the new
pipe connects with it to prevent the water from backing up into

the collecting well and being lost by leakage into the ground about

this well. It will also be necessary to make the joints of the new
pipe water-tight wherever the pressure of the water in this pipe

will cause it to leak out through the joints.

In order to concentrate the flow of the whole twenty-four hours

flo that it can be pumped in the daytime it will be necessary to stop

the flow of water from the pipe at night and permit it to back up

in the gravel surrounding and in the vicinity of the open-jointed

pipe.

The Board would urge upon you tlie advisability of having this

new work done in a liberal and thorough manner so as to insure

the collection of all of the spring water without deterioration of

quality. The total cost of doing this work thoroughly would be

but a very small percentage of the whole cost of the system of

water supply for the town, and yet it represents the most impor-

tant part of the whole work, namely the collection of an ample

.supply of excellent water.

UxBRiDGE. The committee on additional water supply

for the town of Uxbridge applied to the Board, ]\Iarch 18,

1893, for its advice as to the comparative merits of Seagrave

Brook and Cold Spring Brook in Uxbridge, and of Mendon
Pond in iNIendon, as sources of water supply for Uxbridge.

The Board replied as follows :
—

Boston, April 4, 1893.

The Seagrave Brook drains so small a territory that, even if

extensive storage reservoirs should be constructed upon it, it would

not probably furnish a sufficient supply for even the present popu-

lation of Uxbridge after water was generally introduced in all of

the villages ; and this source has no advantage in regard either to

the quality of the water or to economy of construction which should

lead to its introduction as a temporary'' source of suppl3\

Cold Spring Brook, at the proposed point of taking at the old

sawmill site, below the Douglas Road, drains so large a territory

that its natural flow, supplemented by a comparatively small

amount of storage to tide over the dryer portions of the year,

would be sutliciont to supjily Uxbridge with water for many years ;

and should the supply at any time prove insuUicient, the capacity
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of the source may be increased b}^ providing additional storage

capacity. A sample of water was collected from the brook near

the proposed point of taking on March 25, 1893, which showed the

water to be a fairly satisfactory one for water supply purposes.

The sample was collected, however, at a time when the streams

were swollen by the water from melting snow, and the analysis

may, therefore, differ considerably from the analysis of the water at

other seasons of the year.

The principal objection to this source is its low level, which

makes it necessary to pump the water and consequently increases

both the first cost of the works and the annual cost of maintenance.

"When compared with Mendon Pond it seems probable that the first

cost of works from Cold Spring Brook will be as large on account

of the cost of a pumping station, offsetting the additional length of

pipe required to take water from Mendon Pond ; and Cold Spring

Brook has the disadvantage of the continued expense of maintain-

ing a pumping station, while the water will flow from Mendon Pond

by gravity.

It was not feasible at the time this examination was made to

obtain a representative sample of water from Mendon Pond, as the

ice was not strong enough to bear the weight of a person, and the

water near the edges was affected by the Avater entering the pond

from the melting snow.

To sum up the comparative merits of the different sources, the

Board is of opinion that the Seagrave Brook source has no advan-

tage either in regard to quantity, quality or cost. A final opinion

in regai'd to the relative merits of Cold Spring Brook and Mendon

Pond in regard to the quality of the water cannot be given at the

present time on account of the fact that the few examinations made

may not be representative of the quality of the water at all seasons

of the year, but it seems probable that Mendon Pond can be made

to furnish the better water. The cost of a water supply from

Mendon Pond will be very much less than from Cold Spring Brook

when the cost of maintaining a pumping station is taken into

account.

Wakefield. The Wakefield Water Company requested

the advice of the Board, Fel>. 2H, 18!);>, relative to introducing'

" an additional water supply" for Wakefield and Stonchani,

from " filtering galleries, wells, or basins upon the banks of

that portion of the Saugus liiver lying within the limits of the

town of Wakefield, and above the milldam near the Mont-

rose station of the Salem branch of the lioston & Maine

Kailroad," The Board repli(!d as follows :
—
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Boston, April 14, 1893.

From such data as are now available the Board believes that the

capacity of the present source (Crystal Lake) in a series of dry

years has been practically reached, so that there is need of an addi-

tional water supply for these towns. It has already expressed and

still holds the opinion that the water of Quannapowitt Lake, one

of the sources named in your original act of iucorporation, is now
unfit for the purposes of a domestic water supply. This opinion

as to the quality of Quannapowitt Lake water applies to taking

water directly from the lake, but if the water was taken after it

had been thoroughly purified by filtering for a long distance

through the ground or by any other thorough method of filtration

it might be used. It seems probable, however, that the most sat-

isfactory additional supply for the towns of "Wakefield and Stone-

ham can be obtained by taking water from the ground at some
point above the dam at ^Montrose, as indicated in your application.

In the absence of any investigations to determine either the

quality or quantity of water which may be obtained from different

portions of this territory, it is not feasible to give any specific ad-

vice in these respects at the present time.

The city of Lynn, which now takes its supply from sources within

the Saugus valley, is in urgent need of an additional supply of

water and desires to take it from this valley, and the vallc}' is also

nearer other communities in need of additional water supplies than

any other large sources not now in use or so much polluted as to

be unfit for water supply purposes. AVhile, therefore, the Board
believes that the towns of Wakefield and Stoneham should have

the first right to a water supply from the portion of the valley

within the limits of the town of Wakefield it does not believe that

they should control more territory than is necessary for this purpose.

In view of the impracticability of making any fair apportion-

ment of territory at the present time, the Board in its reply to the

application of the city of Lynn relative to an additional water

supply, concluded that Lynn should be granted the right to taki'

water from any portion of the valley of the Saugus Kiver not

already granted by the Legislature to some otlier town or water

company, but that this grant should be subject to the restriction

that the towns of Wakefield or Stoneham, or the company supph'-

ing them with water, may be autiiorized to take water from this

valley at any point within the limits of the town of Wakefield, and

to the extent required to furnish in connection with Crystal Lake,

the present source of supply, a supply of water for these towns

;

provisions to be made in connection with any grant of this charac-

ter, however, that whenever these towns, or the company supplying
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them with water, should take a supply from any source in the

Saugus valley other than those already controlled by the Wakefield

Water Company they should be requii-ed to pay to the city of Lynn
a fair proportion of the amount already paid by said city for water

or laud damages, and if they should utilize to any extent works
previously constructed b}^ the city they should pay a fair proportion

of the cost of these works.

The Board advises your company to make investigations with

reference to obtaining a further supply of water from the ground

in the Saugus valley, in the territory referred to in your applica-

tion, and will advise you further when the results of such investi-

gations are presented. The greatest care should be exercised to

prevent the pollution of your present source of supply by the

increasing population on its watershed.

Walpole. The committee on water supply of Walpole

applied to the State Board of Health March 9, 1893, for its

advice relative to a public "water supply for the town, to be

taken from the ground in the valleys of Mill Brook and

Traphole Brook in East Walpole, tributaries of the Nepon-

set River. The Board replied as follows :
—
Boston, April 10, 1893.

In accordance with your request for an early reply to your appli-

cation relative to a water supply for the town of Walpole, the

State Board of Health has caused a preliminary examination to be

made, and finds that the local conditions favor the plan of taking

a supply from the ground within the limits of the town, as sug-

gested in your application to the Board. As it is stated in your

application that the different sources within the town are to be

fully investigated, the Board will make a further reply regarding

the merits of these sources after the results of the investigations

have been received.

After considering the needs and interests of other towns in the

vicinity of Walpole the Board finds no reason to doubt that Wal-

pole should at the present time have the right to any source within

its limits. There is one source, however, viz., Traphole Brook, in

the easterly part of Walpole, which subsequ(mtly Hows through the

southerly corner of Norwood and then forms the northcu'ly boun-

dary of the town of Sharon, which may in the future be of value

to some other comnuuiity as a source of additional water supply;

and if it should be found that tiiis source is not the best one for

Walpole and works should be built to take a supply from another

source, the P>oard is of opinion that any rights which arc now
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granted "NValpoie to take a supply from this source should cease.

This could be accomplished by including in an act giving "NValpoie

the right to take water from any source within its limits a provi-

sion that the right of the town of Walpole to take water from Ti-ap-

hole Brook shall become void when the town shall have selected

some other source of water supply and introduced water therefrom.

The results of the investiirations referred to in tlic fore-

going letter of advice having been submitted, the Board made

a further reply as follows :
—

Boston, June 5, 1893.

The investigations made near the Neponset River, not very far

above the Blackburn water privilege and just below Low Brook,

showed very satisfactory results as regards the porosity of the

material, the freedom Avith which water could be pumped from the

test wells and the quality of the water. Taking these results in

connection with an examination of the surrounding territory and

the size of the streams, the Board finds no reason to doubt that an

ample supply of excellent water can be obtained from a well or

wells located in the porous material in this vicinity.

Waltham. The water commissioners of Waltham applied

to the State Board of Health July 31, 1893, asking for a re-

examination of their sources of water supply, and for the

advice of the Board as to the measures requisite to improve

the quality of the water supplied to the city, and to prevent

the recurrence of the offensive tastes and odors which were

liable to affect it. The Board replied as follows :
—

Boston, Dec. 22, 1893.

An examination of your collecting well and distributing reservoir

was made promptly by one of the engineers of the Board, and

samples of water were taken for analysis, which sliowed that the

conditions were on the whole substantially the same as they were

on Oct. 3, 1892, wiim the Board replied to a similar application

made by you, and advised protecting tlie water from the light both

at the well and at the distributing reservoir. The results of these

analyses were sent you ; and, as you then decided to proceed at

once with the covering of the well, it was thought best to defer

making the formal rei)ly until it was feasible to include in it the

results of further investigations, to ascertain the character of the

water entering the well at different points and the effect of covering

the Avell.
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An examination was made to ascertain the temperature of the

water entering the well at the bottom, at different points around its

circumference, and it was found from thirteen observations, made on

Sept. 9, '1893, that the average temperature of the water entering

the well was 55.7 degrees, while at the same time the temperature

of the river water was 68 degrees. These results indicated that no

large proportion of the water filtered from the river by any very

direct course, but there was a slight dift'erence (3.4 degrees) in the

temperature of the water at different points, which indicated that

tliere might be a difference in the source and quality of the water

entering different parts of the well. An attempt was therefore

made to obtain samples of water entering the well at different

points at the bottom, before it had mingled with the water already

in the well, but it was not found feasible to do this.

Since the well has been covered two samples of water have been

received from it, one collected November 14, and the other Dec.

12, 1893. These samples are entirely free from the microscopical

organisms which were always found in the well before it was

covered, and are clear, colorless and free from odor.

It is now feasible for the first time to ascertain the true chemical

character of the water which enters the well, because, before it was

covered, its character changed so rapidly, owing to the vegetable

growths in the water, as to materially affect the results. There is

nothing in the present analysis of the water to indicate that it is at

the present time other than an excellent water for the purposes of

a public water supply. The free ammonia, however, is somewhat

higher than it would be in a water which had received the highest

degree of purification by filtering through the ground, and it will

be of interest to observe subsequent analyses of the water to see

whether this constituent increases or diminishes.

"With regard to the samples from the distributing reservoir it may
be said that they show that the water in the reservoir is in substan-

tially the same condition as in the past, and that it contains an

abundant growth of the minute vegetable forms which give the

water an unpleasant taste and odor.

The Board would therefore repeat its advice of last year, that by

covering your present reservoir or building a new covered reservoir,

as may be found best, you provide for conveying the water from

the source to the water consumers witliout permitting it to be ex-

posed to the light at any place.

Webster. The water commissioners of Webster applied

to the Board, June 28, 1893, for its advice relative to taking
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a supply of water from the ground near Lake Chaubuna-

gungamaug. The Board replied as follows :
—

Boston, Oct. 6, 1893.

The State Board of Healtli has considered your application with

regard to a proposed water supply for the town, to he taken from

a well located «ear Lake Chaubunagungamaug, and has caused

an analysis of a sample of water from a test well at the site of

the proposed well to be made, also an examination of the sur-

rounding territory. The analysis shows that the water is very

pure and soft.

The sample probably represented water which was percolating

through the ground toward the pond ; while if a large quantity of

water should be pumped from the ground at this place, it is prob-

able that a part of it would be derived by filtration from the lake.

Judging from the experience at other places in the State, the water

obtained in this way from the lake would be so thoroughly changed

in its character by filtration that it would not differ to any notice-

able extent from the water coming to the well from the land side.

Both the examination of the ground at the site of the well, made

under your direction, and a general examination of the surround-

ing territory, indicate that a large quantity of water can be col-

lected from the ground at this place ; and if the supply should

prove insufficient, a supplementary supply of very good surface

water can be obtained from the lake. It is desirable, however,

that a full supply should be obtained from the ground, on account

of the better quality of the water from this source.

Westborougii. The water commissioners of West-

borough applied to the Board for advice, Sept. 26, 1892,

relative to the improvement and increase of the ])ul)lic water

supply, submitting at the same time a descrii)tion of a pro-

posed plan. The chief engineer of the Board visited the

town, and made such suggestions as seemed necessary for

the modification and improvement of the plan, and a new
plan was submitted to the Board, Jan. lit, lSi);3. The

Board replied as follows :
—

Boston, Feb. 13, 1893.

Your water supply is now derived from two reservoirs, the upper

one a storage reservoir of considerable size and the lower one a

smallpr basin which derives its supply from the upper one by the

filtration of the water through the intervening porous ground.

You find that the quality of this filtered water is very much better
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than that of the Tvater iu the upper reservoir, but that at times the

quantity is not sufficient to supply all of the water needed, and

you therefore have to draw some of the water directly from the

upper reservoir ; moreover, the upper reservoir sometimes over-

flows into the lower one, injuriously affecting the qualit}' of the

water in it.

What is now desired, therefore, is a means of increasing the

supply of filtered water during portions of the year and a means of

diverting the overflow of the upper reservoir from the lower one.

The plan now submitted shows a contemplated channel for

diverting the waste water from the upper reservoir past the lower

one, and with the accompanying communication explains the result

of certain tests which have been made with reference to the

present conditions under which water is now filtering from one

reservoir to the other, and of other tests made to determine the

means by which the filtration may be facilitated.

Judging from the experiments which you have made, it seems.

quite certain that a material increase in the amount of filtered

water can be obtained at a moderate expense by digging a ditch

with sloping sides down into the sand and gravel at the shore of

the upper reservoir between the dam and the waste way, this ditch

to be separated from the water in the reservoir by an embankment

extending above high water mark. This ditch should also be di-

vided into sections, each of which should communicate with the

reservoir by means of a pipe provided with a gate by which the

water can be shut off during those portions of the year when

enough water naturally filters through the ground, or when it be-

comes necessary to clean any section of the ditch so as to expose

a fresh sand surface. The pipe and bottom of the ditch should

either be placed at the lowest practicable level in the beginning,

so that the system will operate when the upper reservoir is drawn

down several feet, or they may be placed at a higher level in the

beginning and subsequently lowered when tlio water recedes.

The experiments show that a ditch of this kind would let the

water into the ground much more freely than it now gets in through

the nearly impervious material at tlie bottom of the reservoir.

On the opposite or north side of the waste way a similar con-

struction could be used to facilitate the filtration of water, but the

ditch should Ijc placed far enough back from the (ulge of the reser-

voir so that it will be wholly in clean sand or gravel below the

surface of the water in the reservoir.

The contemplated filtering drain, intended to collect water from

the ground and discliargc it into the lower basin, if placed with its

bottom nearly at the level of low water in the lower basin, would
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undoubtedly increase to a considerable extent the quantity of fil-

tered water. To avoid the danger of imperfect filtration, however,

it would be desirable to limit its length to 150 feet from the shore

of the lower basin rather than to make it 235 feet long, as shown

upon the plan. This drain sliould counect with the lower ])asin by

a pipe provided with a gate so that it can be shut off during those

portions of the year when enough water naturally filters through

the ground, and thus avoid an unnecessar}' draft upon the upper

reservoir.

The new channel to divert the overflow from the upper reservoir

past the lower basin is a vor}* desirable feature, and if by removing

the soil and fine material this channel can be prepared so that all

the material beneath it will be sand or gravel it may also be feasible

to use it as a supplementary filtration area in cases of emergency.

In order to do tliis it would be necessary to lay a pipe to bring

water from the upper reservoir to the channel, and to erect tem-

porarily a low dam near its lower end.

Wkst Sprixofield. The water commissioners of West
Springfield ap})lied to the State Board of Health May 1,

1893, for its advice relative to taking an additional water

supply from certain specified sources in that town and in

Aga^vam. The Board replied as follows :
—
Boston, June 1, 1893.

The State Board of Health has considered your application with

I'egard to a proposed additional water supply for your town, includ-

ing the village of Mittineague, which is at too high a level to be

supplied from the present source. You have called the attention

of the Board to the Craig Spring and Silver Stream, which can be

utilized to supply the village of Mittineague by pum[)ing, to the

Leonard Brook in Agawam, which can be used to supply a portion

of the lower village by gravity, to the Lathrop Spring and Ilyde

Brook, which can be diverted into the present reservoir, aud to a

more distant source, viz., a spring and brook at the Bear Hole,

so-called, in the north-westerly part of the town, from which water

would have to be supplied by pumping.

All of these sources have been visited by the engineer of the

Board, and from all except Silver Stream samples of water have

been collected aud analyzed, and copies of the analyses are trans-

mitted herewith, together with the average analysis of water from

the present storage reservoir for the j'ear ending in May, 1888.

The Craig Spring will furnish a soft water, and one of very good

qualit}', provided it is collected by means of pipes leading to a
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Avell, or by other suitable works, without exposure to the light, and
when pumped is stored in a reservoir which is also covered to

exclude the light. Care would also have to be taken to prevent

any contamination by surface water running down the ravine in

which the spring is situated.

The water of the Leonard Brook is soft and of very good quality.

The sample of water from the Lathrop Spring was necessarily

collected after the water had passed through a rank growth of

vegetable matter, which may have affected the analysis to some
extent. This water is harder than the other waters examined.

There seems no reason to doubt, however, that if taken directly

from the ground and diverted into the present reservoir it would

not change the character of the Avater in the reservoir enough to be

objectionable.

The sample from Hyde Brook had a moderate color, indicating

that this water is affected to some extent by contact with vegetable

matter in swampy places. At the time the sample was collected,

the water, though not as desirable as the spring waters, would be

classed as a fairly good water for all purposes, but it is not feas-

ible to tell from a single examination in the spring of the year

what the character of this water would be in summer.

The water of the spring at the Bear Hole is of excellent quality,

though its hardness is about twice that of the present water supply.

Tlie degree of hardness, however, is not great enough to make the

water objectionable for water supply purposes. Bear Hole Brook,

at the time the sample was collected, was receiving the overflow

from Ashley Pond, and the quantity of water was unusually large.

Under these circumstances the analysis would have but little value

as an indication of the average quality of the water. The water

had less color than Hyde Brook, but contained rather more organic

matter. The degree of hardness was nearly the same as that of

the water from the spring near it.

The plan proposed by you, of establishing a pumping station at

the Craig Spring and supplementing the present supply to the

lower village by introducing watc^r from Leonard Brook, and con-

necting the Lathrop Spring witii the present reservoir, has the

merit that it will add to the present supply a considerable quantity

of very good water by a comparatively small expenditure, and it

may l)e wise to carry out this plan. Tlic Board does not, however,

iiave sudicient information as to the capacity of the present source

in very dry years, or as to the amount which tlie supplementary

sourc<;8 will fiu'nish in such years, or can Ijo made to furnish by

the construction of additional storage reservoirs, to enaljle it to

advise definitely as to whether it is better to carry out tiiis plan to
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make the Craig Spring and the present reservoir the main source

of supply, to be supplemented by such other sources in the vicin-

ity as will supply the lower village by gravity, or whether it is

better to go at once to a greater distance to obtain a supplement-

ary supply from a source which will furnish a larger quantity of

water. In order to obtain such information it would be necessary

for you to employ' an engineer skilled in the design and construc-

tion of water works to make a more complete study of this ques-

tion, and the Board advises that this be done.

"NViiiTMAX. The committee on water supply of the tovrn

of Whitman applied to the Board, April 12, 1893, for its

advice relative to a public water supply from certain specified

sources in that town and the towns of Hanson and Pembroke.

The Board replied as follows :
—

Boston, May 4, 1893.

In this application you make special mention of Maquam, Old-

ham and Big Sandy Bottom Ponds and Silver Lake. The Board

has caused examinations to be made of these and other ponds in

the vicinity. Complete chemical and microscopical examinations

have been made of samples of water from Maquam, Oldham, Fur-

nace and Big Sandy Bottom Ponds and Silver Lake, and less com-

plete examinations of samples from Indian Head Pond and Factory

Pond in the town of Hanson and Stetson's Pond in the town of

Pembroke. Copies of these analyses are transmitted herewith.

The water of Indian Head and Factory ponds has a very dark

color, and in other respects these ponds are less desirable than

some of the others, so that they may be discarded from the list of

desirable sources. Stetson's Pond presents no advantages either

as to the quality or quantity of water as compared with Oldham
I'ond, and on account of its greater distance is a less available

source for Whitman.

The water of Maqnam Pond is practically colorless and in most

other respects is a very satisfactory pond water. It had, however,

at the time of the examination slightly more odor after standing in

a bottle, and contained a greater number of microscopical organisms

than any other sample of which a complete examination was made.

All surface waters contain a greater or less number of these minute

organisms, which are the cause of the odors noticed, and both the

numbers and the amount of odor are liable to vary from time to

time, so that too much significance should not be attached to the

comparisons of only a single series of analyses. It is not feasible

to tell from the information at present available whether or not

Maquam Pond will furnish sullicient water to meet the require-

ments of the town of Wiiitman even in the near future, and tliis
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source should not, therefore, be adopted in any case without mak-

ing provision for supplementing the supply from some other source

when necessary. In order to form an opinion as to whether this

pond will furnish enough water to warrant taking a supply from it

in the beginning, it would be necessary for you to ascertain by

surveys the size of the watershed from which its supply is derived,

and to make investigations to determine how much, if any, water is

liable to be lost by filtration through the ground into other ponds.

Oldham Pond will furnish an abundant supply for the town for

a very long time in the future, and the analysis indicates that the

water is of fairly good quality at the present time. It has only a

moderate amount of color and contains about the usual amount of

organic matter, and in its present condition would be a satisfactory

water for all purposes of a public water supply, though not as

good as either the water of Maquam Pond or Silver Lake.

The analysis of a sample of water from Furnace Pond differs

but little from that of a sample collected from Oldham Pond, but

Furnace Pond has no advantages which should lead to its selection

as a source of water supply for Whitman.

The water of Silver Lake is practically colorless and in other

respects it is a better water than any other of the waters analyzed^

This would undoubtedly be a satisfactory source both with regard

to quantity and quality.

Big Sandy Bottom Pond has been used for years by the towns of

Abington and Rockland and has proved to be an excellent water.

The quantity which this source will furnish is more than the amount

of water consumed by the three towns of Abington, Rockland and

Whitman at the present time, so that for a time this source might

be sufficient for all of the towns, but at a later period it would be

necessary either to supplement the supply from some other source

or for one of the towns to introduce an independent supply.

The information now in possession of the Board with regard to

the proposed sources of water supply is too limited to enable it to

advise as to the most appropriate source for the town, and it makes

this preliminary reply at the present time because it understands

that it is desired for use at a town meeting to be held soon. The

Board would advise that a survey be made, as before suggested, to

determine the size of the watershed of Maquam Pond, and that

analyses sliould be made monthly of the waters of Maquam and

Oldiiain ponds and of Silver Lake to determine the relative quality of

these waters throughout the summer. The State Board of Health

will co-operate with you by causing these analyses to be made if

you will collect the samples of water, and will advise you further

with regai-d to the proposed sources if you so request.
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Sewerage and Sewage Disposal.

The followins: is the substance of the action of the Board

in reply to applications for advice relative to sewerage and

sewage disposal :
—

Andover. The sewer commissioners of Andover, having

been authorized by the town to report a plan of .sewerage to

the town, applied to the State Board of Health, June 8,

1893, stating that before reporting a general plan to the

town they desired to know whether such a plan, involving

the discharge of crude sewage into the Shawshccn River,

would be approved by the State Board of Health. The

Board replied as follows :
—

BosTox, July 7, 1893.

The Board is of opiuiou that, while it is not permissible to

discbarge the sewage of any large portion of the town into this

river, it may be permissible for the present to discharge the sew-

age from the low laud bordering the river into tlie river below the

dam at Frye Village. In making a sewerage plan, therefore, pro-

vision should be made for carrying as much of the sewage of the

town as can be conveyed by gravity, either to suitable porous

land, where it can be purified by filtration before being discharged

into the Siiawsheen River, or to the Merrimack River.

Attleborougii. The committee on drainage of the town

of Attlcborough applied to the State Board of Health, Jan.

16, 1893, for its advice relative to " the drainage of that

portion of the village and town located on the watershed

of Thacher Brook." The Board replied as follows :
—

Boston, Feb. 6, 1893.

The plan submitted shows the general character of tiie proposed

impnn'cment, whieli provides for lowering the channel of Thacher

Brook, eitlier in its present or a new location, and the substitution,

for a portion of the way, of a covered drain for the open chaunel.

It is understood from the statements made by your committee

that it is not proposed to turn any sewage into this channel, but

that the sewerage system when constructed will convey the sewage

in separate pipes in some other direction. Your committee has

also indicated that it is very desirable to lower the level of the

ground water in the upper part of the Thacher Brook watershed

and near the central portion of the village, in order to avoid damp
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or wet cellars, and thereby to improve the sanitary condition of

this portion of the town. The high level of the ground water in this

part of the village is also shown upon a plan previously submitted

to the Board giving the level of the ground water.

The Board finds that the plan now proposed is one to be com-

mended. It is certainly very desirable, for sanitary reasons, that

the level of the ground water in the built-up portions of this water-

shed should be lowered, and it is wise to provide for the improve-

ment of the lower portions of this brook before the design and

location of a new channel are hampered and the cost increased by

the construction of streets and buildings in the vicinity of the

brook.

In addition to the improvement of the main channel the plan

also indicates where branch drains emptying into the brook maybe
built in the streets in its vicinity. It would be desirable before

constructing these drains that a complete system of sewerage

should be designed for at least this portion of the town, both

because the level of the ground water might be lowered by under-

drains placed beneath the sewers, thereby rendering separate

drainage channels unnecessary, and because the drains might

otherwise be placed at such a height as to interfere with the proper

grading of the system of sewers. These suggestions with regard

to the branch drains may also be applicable to the extreme upper

end of the main drain.

Braintree. The committee on sewerage of Braintree

applied to the State Board of Health Jmie 5, 1893, for advice

relative to a proposed system of sewerage for that town,

and as to the comparative merits of certain areas proposed

for sewage disposal. The Board replied as follows :
—

Boston, July 6, 1893.

In this application you outline the general features of a proposed

system for collecting the sewage, and suggest, as a metliod of dis-

posal, pumping it to land where it can be purified. You then ask

that the Board will cause the different tracts of land which are

available for sewage disposal to be examined at as early a day as

possible, and that the Board advise you regarding tliem.

Three tracts were called to the attention of the Board, one sit-

uated on the north-westerly side of Plain Street, just north of the

riymonth branch of tiie Old Colony Railroad, known as the Plain

Street lot, another in the south-westerly part of tiie town, known

as the Mayflower Park lot, and a third in tiie north-westerly por-

tion of tlie town, known as tlie Collins Farm lot.
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The Collins Farm lot is unsuitable for this purpose on account

of its being located where the eftlueut from the sewage would find

its way both into the present water supply of the city of Quincy

and into the territory from which this city was authorized by the

Legislature in 18'JI to take an additional water supply.

At the Plain Street lot the test pits indicated that the material

is of excellent quality for filtering sewage, and the principal objec-

tions to it are its proximity to the village of South Braintree and

the limited area of suitable land which is available at this place.

It is also an objection to this lot, though to a less extent than to

the others, that it rcijuires the sewage to be pumped a long dis-

tance from the lowest point in the town (where a pumping station

would naturally be located), and to quite a high elevation.

At the Mayllower Park lot the test pits indicated that in addi-

tion to the coarser sand and gravel there were layers of very fine

sand, which, while not preventing the use of the lot for the filtra-

tion of sewage, would require it to be applied in smaller quantities

per acre, and would therefore recjuire a greater amount of land to

dispose of the sewage. The principal objections to the lot are its

proximity to several houses, its limited area and the very great

distance which the sewage would have to be pumped to reach it.

The amount of land required to purify the sewage of Braintree

by intermittent filtration would depend both upon the quality of

the land and upon the amount of sewage. In a general way it

may be said that from 6 to 10 acres of filter-beds would meet all

requirements for a few years, and that it is desirable to have not

less than 20 or 30 acres in all to provide for future growth. It

does not seem probable that this amount of land can be made avail-

able at either the Mayflower Park or the Plain Street location.

As a general result of this preliminary examination the Board is

of opinion that, before adopting either of the tracts brought to its

attention, it would be advisable for the town to cause examinations

to be made to ascertain if a more satisfactory disposal of the sew-

age cannot be effected by discharging it into the sea at some suit-

able outlet. The nearness of the village of Weymouth to the

lowest point in Braintree suggests that the interests of both com-

munities might be served by united action by the towns of Wey-
mouth and Braintree in the constructi(Mi of an outlet to the sea ;

but even if it should be built by Braintree alone it may be cheaper

and more satisfactory than the disposal of the sewage upon any of

the areas examined up to the present time.

Bhocktox. The sewerage coniiuissioncrs of Brockton

applied to the Board, Sept. 14, 1S|)2, for its advice rolativo
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to the proposed plan of sewerage and sewage disposal for

that city. The completed plan was submitted Jan. 10, 1893.

The Board replied as follows :
—

Boston, Feb. 2, 1893.

The general features of the plan submitted are, first, a system

of sewers within the city designed to take sewage only, and from

which the ground water is to be excluded, both by placing an

underdiain beneath each sewer to remove the ground water, and by

thorough construction to make the joints of the sewers water-tight

;

second, a pumping station in the southerly part of the city to lift

the sewage from a receiving reservoir into which the main sewer

empties and which will store the sewage flowing through the night,

and force it through an iron pipe to the Muster Field, so called
;

third, a series of filter-beds covering an area of about 23 acres

upon that portion of the field lying within the limits of tlie city of

Brockton.

The exclusion of all storm water from the sewers, as proposed

by you, is undoubtedly the best course to adopt on account of the

smaller sizes of the sewers required and the less quantity of sewage

to be stored, pumped and purified. The proposition to phxce

underdrains beneath each sewer so as to remove the ground water

and prevent it from entering the sewers is also to be commended

for the same reason, and because of the great improvement in the

sanitary conditions within the city, which will result from lowering

the ground-water level. Judging from the experience in other

places it is probable that if these underdrains were omitted so much

ground water would find its way into the sewers tliat the amount

of sewage to be taken care of would be doubled or trebled, which

would require a corresponding increase in the capacity of the main

sewers, receiving reservoir, pumping plant and force main, and a

considerably larger area of filter-beds. It would also increase the

annual cost of pumping, all of which would offset in part, if not

wholly, the additional cost of the system of underdrains.

It is obvious that the pumping station, if located within the city

limits, cannot with advantage be moved nuicli, if any, from its

present location. The proximity of dwellings will, however, make

it necessary, in order that there may be no offence in the neigh-

borhood, to provide for ventilation into tlie cirunney from the

tank, receiving reservoir, sewer, puuip-well, and all other places

from which offensive odors might be given off, and to make all

other necessary provision to prevent offence from any of the opera-

tions carried on at the pumping station. It is understood that

these matters have already been carefully considered in the prepa-

ration of your plans. With due care in designing and maintain-
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ing the works, the Board is of opinion that a piinipiug station

;should not be a source of offence to the neighborhood.

The provision of an overflow from the receiving reservoir and

of blow-offs from depressions in tlie force main, where it crosses

under the Salisbury Phiin and Coweeset rivers, is a wise precau-

tion ; but these should be considered only as a provision for unfore-

seen emergencies and should never be used in the ordinary

operation of the works.

The ground where the filter-beds are to be located has been very

"thoroughly examined by means of test pits. The material is of

excellent quality fur the filtration of sewage and the water level

in the ground is at a considerable distance below its surface.

These natural features, together with the careful manner in which

it is proposed to construct tlie beds and their appurtenances, will

permit them to be used for the disposal of an unusually large

amount of sewage.

It has also been found, since the water supplied to the city has

been pumped, and therefore measured, that the amount of water

consumed per inhabitant is unusually small ; and the amount of

sewage will also be unusually small, in proportion to the popula-

tion, if the ground water is kept out of the sewers, as is now
proposed.

All of these facts lead the Board to conclude that the area to be

used for filtration, although smaller than it is customary to recom-

mend, will be sufficient for at least the first few years of the oper-

ation of the works, after which it will be necessary to extend the

area.

The land in Brockton, lying easterly of the proposed filter-beds,

which slopes from Pearl Street to the cranberry meadow, might be

used to a limited extent for filtering sewage, but the test pits show
that layers of an impervious clayey material are found in many
places at from 3i to Oi feet below the surface and that the water

stands in the ground much nearer the surface than on the other

side of the street. This land could only be used to dispose of a

comparatively small amount of sewage. The land in Brockton

north of and across Daley Brook from the proposed filter-beds is

better than that on the easterly side of Pearl Street but not as

good as that Avhere the filter-beds arc located. This land would

be fairly well adapted for the filtration of sewage.

The best land in this vicinity for the extension of the lllter-beds

lies just west of tliem, within the limits of the town of Kaston.

This laud is similar in character to that where the filter-beds now
proposed are located and is superior in quality, topography, char-

acter of material and distance from habitations to the land either

€ast or north of them.
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Since the proposed plan invelved the taking of certaim

land within the limits of the city, further action of the-

Board was required under the provisions of chapter 124 of

the Acts of 1890. A public hearing was therefore held by

the Board, after which the following reply was sent to the-

mayor of Brockton :
—

BosTox, April 17, 1893.

The State i^oard of Health has received your petition dated'

March 2b, 1893, made in behalf of the city of Brockton under the

authority of chapter 124 of the Acts -of 1890, entitled "An Act

providing for the purchase or taking of land by cities and towns

for the purification and disposal of sewage," asking the Board to

approve the purchase or taking by said city of certain lands in

Brockton for the purification and disposal of its sewage. Said

lands are described in said petition and shown on an accompany-

ing plan, as follows: "24 acres and 128.9 rods, being lands of!'

Charles C. Manley ; 20 acres and 58.7 rods, being lauds of heirs,

of Salmon Copeland ; 1 acre, being lands of David Frost ; 2 acres-

and 73.28 rods, being lands of Milo Manley; 121.77 rods, being-

lands of Augustus Remick ; 2 acres and 70.25 rods, being lands of-

George Howard."

In response to this petition the Board gave a public hearing at.

its oflfice in Boston, on April 10, 1893, after due notice of said

hearing by publication in the Brockton "Enterprise" and Brock-

ton " Dispatch." Having thus complied with the requirements of

the law the Board after due consideration herewith approves the

purchase or taking of the premises described in said petition and«

shown upon the plan which accompanied it.

Framingham. The selectmen of Framingham applied to-

the Board for advice relative to a proposed plan for the dis-

posal of the water of the underdrain of the sewerage system

of South Framingham, by pum])ing and final discharge into

Bannister Brook. The Board replied as follows :
—

Bo.sTON, Feb. 6, 1893.

Your application to the State Board of Health dated Jan. 23,

1893, for advice with regard to the disposal of the water, which is

now discharged from tlie underdrain beneath the Framingliam

sewers into the water supply of Boston, ])y pumping this water into

Bannister Brook at a point north of Hartford Street, beyond the

watershed from which said supply is derived, has been carefully-

considered
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The opinion of the Board with regard to the desirability of

diverting this water from the Avater supply of Boston has already

been given in its reply to the Board of Selectnien of Framingham

dated Sept. 2, 1890.

With regard to the method of disposal now proposed, the princi-

pal features from a sanitary stand-point are the open reservoir near

the pumping station, in which is to be stored the water from the

underdrain during the night or at such other times as the pumps

are not in operation, and the location of the final point of dis-

charge. While it is not probable that the open reservoir will prove

objectionable in any way yet the Board considers it advisable that

it should be made as small as is consistent with a fair degree of

economy in pumping. The capacity stated in the report which

accompanied the application seems unnecessarily large.

"With regard to the final disposal of the water from the under-

drain by discharging it into the upper end of Bannister Brook

north of Hartford Street, and beyond the watershed from which

the city of Boston derives its supply, the Board is of opinion

that this method of disposal is permissible for the present ; but if

the character of the water should deteriorate it may become neces-

sary to discharge it upon a small filtering area, and it would be

well to have the outlet where two or three agres of suitable filtering

material may be secured.

HoLYOKE. The mayor of Holyoke api)lied to the State

Board of Health, Feb. 13, 1893, for advice relative to a

system of sewerage and sewage disposal for the villages of

Elmwood, Oakdalc and Springdale, having an outlet into the

Connecticut lliver, opposite the trotting park in the lower

part of the city. The Board replied as follows :
—

Boston-, Maidi 2, 1893.

The Board is of the opinion that the sewage of these sections of

your city may for the present be discharged into the river at the

place indicated, but advises that the lower portion of the sewer

should be so designed and constructed that the dry weather How
will be carried well out into the river by means of a pipe of moder-

ate size leading from the bottom of the sewer, thereby preventing

the fouling of the shore.

Leicester. Tiie water commissioners of the water sup-

ply district of Leicester applied to the Board, .lau. i';), 1893,

tor advice as to a ])lan of sewerage and sewage disposal for
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the village of Leicester. At a later date, March 1, they

submitted a legislative document (House Document 385),

stating that the committee on drainage requested that the

bill accompanying the petition of the commissioners should

be accompanied with the advice of the State Board of

Health. The Board replied to this application as follows :

—

Boston, March 3, 1893.

In reply to your request of March 1 , relative to the application

dated Jan. 23, 1893, of the Leicester Water Supply District, for

advice in the matter of the disposal of the sewage of said district,

the Board would state that it will be impracticable to advise until

the snow disappears, so that a proper examination of the ground

can be made.

With regard to the other matter mentioned, namely, the bill

(House Document No. 385) extending the authority of the water

commissioners of the district so that they shall also be a board of

commissioners of main drains, common sewers, sidewalks and

cross-walks, and providing that the district may raise money for

carrying out the provisions of the act, the principal object a[)pears

to be to confer powers upon the district and its water commission-

ers with regard to the construction of main draius, common sew-

ers, sidewalks and cross-walks, similar to those already possessed

by towns and their selectmen. So far as the bill provides for the

transfer of power from the town and its selectmen to the district

and its water commissioners, the Board does not consider it within

its province to advise.

In looking at the provisions of the bill in other respects, it is

noticed that wliile it provides for the construction of main drains

and common sewers, and for taking the land which may be neces-

sary therefor, it docs not authorize tiie construction of sewage

disposal works or the taking of land for this purpose should the

purification of tlie sewage be found necessary. The Board would

therefore suggest tliat the ImU might with advantage be modified so

as to give the required authority in these respects, and herewith

transmits a copy of the bill witli suggested modifications to accom-

plish this result.

vSliould tlie Committee on Drainage tliink it advisable to limit the

power granted to the water supply district with a view to prevent-

ing any improper disposal of the sewage, it might require the

system of sewerage adopted and tlie land taken for sewage disposal,

should any be required, to be subject to the approval of the State

Board of Health. This might be accomplished by adding after the

word " therefore" in section 5, line 8 :
—
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Provided, however, that any system or systems of sewerage, drainage

or sewage disposal constructed under the provisions of this act shall be

in general accordance with some plan or plans ai)proved by the State

Board of Health, and no land shall be taken for sewage disposal pur-

poses without the approval of said Board.

The Committee on Drainage may also desire to restrict the terri-

tory within which land can be taken, by adding after the word
"land," in section 5, line 7, the words " within the limits of the

town of Leicester."

The final reply of the Board relative to this plan of sewage

disposal was as follows :
—

Boston, June 1, 1893.

The situation of the village upon the hill is such that nearly all

of the sewage can be carried by a single system to the westerly

side of the town in the vicinity of Ivawson Brook, so called, or it

is feasible to provide two systems, one of which would convey the

sewage of rather more than half of the village to the above indi-

cated location on the westerly side of the town, while the other

would take the sewage from the remainder of the village in an

easterly direction. An examination of the wiiole territory indi-

cated that it would be well to take as much sewage as possible in

a westerly direction to a point near the Kawson Brook.

After considering all of the conditions affecting the discliarge of

the sewage into Rawsoa Brook, the Board has reached the conclu-

sion that such discharge should not be permitted even in the

beginning until tlie sewage had been at least partially purified by

the removal of tlie greater portion of the suspended matter. In

the future a more complete purification of the sewage may be

found necessary.

The best method of purification cannot be determined without

a more extended examination of the ground than it is feasible for

this Board to have made, and your town is therefore advised to

employ a competent engineer to make the necessary survej's and

devise a system for the purification of tlie sewage to at least the

extent above indicated. Tlie Board will advise further with regard

to such system when tlie plans are sul)niitte(l by you.

AVliere sewage is to be purified tiie smaller the amount of water

to be taken care of, the less the difl3cuUy of purilicalion. The

Board therefore commends your plan for adopting a system of

sewers from which all storm water is to be excluded, and wouUl

further advise the exclusion of as much ground water as it is feas-

ible to exclude.
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The town of Leicester, having obtained an act from the

Legislature requiring the approval of its phins by the State

Board of Health (chap. 181, Acts of 1893), submitted plans

to the Board, Jmie 30, 1893, a statement of which, together

with the approval of the Board, are as follows :
—

Boston, Dec. 30, 1893.

Under the provisious of chapter 181 of the Acts of 1893, en-

titled "An Act to authorize the Leicester Water Supply District

to construct and maintain a system of sewerage and drainage,"

the State Board of Health received from you on June 30, 1893,

a written statement of your plan for the sewerage of the village

of Leicester. This statement of your plan, as subsequently

amended and submitted in a new draft dated Dec. 22, 1893, is as

follows :
—

13 Beacon Street, Boston, Mass.
To the State Board of Health.

The water commissioners of the Leicester Water Suppl}' District

having received your reply of June 1, 1893, to their application

for advice in relation to the disposal of the sewage of the village

of Leicester, submit, for your approval, the following plans for its

disposal.

In accordance with your suggestion, we propose to carry the

sewage as far as possible to the westerly side of the village, and

remove all the organic matter in suspension, so far as practicable,

before discharging the effluent into Rawson Brook.

To accomplish this end, the separate water carriage system is to

be adopted, to the extent of excluding all street or storm water,

roof water and ground water, so far as feasible, the sewers to be

flushed only when necessary with clean water from the mains.

The suspended matter is to be removed, as far as practicable,

by allowing the heavier portion to settle in the tank (to be hereafter

described), and by mechanical straining, if necessary, of the

lighter part.

In order that the effluent may contain the smallest possible

quantity of organic matter in solution, the separation is to be

effected while the sewage is fresh.

The natural conditions of the location of the village on the slope

of a hill are to be utilized as far as practicable by laying the sewers

in accordance with approved forms of sewerage construction, to

line and grade, with manholes at material changes of line and

grade, at points of intersecting sewers, and wherever necessary,

so as to insure easy cleaning out, and the most rapid flow and con-

centration of tlu; sewage to the point of disposal.
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For this purpose, S-inch, 9-inch and 10-inch Akron salt-glazed

pipe is to be used. Ground water is to be excluded by using cast-

iron pipe when crossing wet, swampy land not easily drained out-

side of the higliway, and by carefully making the joints and

plugging the branches for particular sewers.

All the sewage for the present is to be collected at a point on

Pine Street, 1,100 feet south of INIain Street, and thence carried in

a 10-inch pipe, laid at a grade of about 0.4 per cent., in a south-

westerly direction, as shown by an accompanying plan, a distance

• of about 1 ,'2.")0 feet, to the top of a small knoll, and there discharged

into a settling tank.

This tank is to be built either of brick or field stone, laid in

cement mortar and plastered on the inside. It is to be covered

with a roof or building. It is to contain not less than 600 cubic

feet of sewage.

The overflow pipe from the tank is to be on the opposite side

from where the sewage enters, and provision is to be made for

breaking the force of the stream which enters the tank, so as to

make the sewage flow quietly through it, and for preventing the

floating scum from passing out through the overflow pipe.

The sewage passing from the tank is to be further purified as far

as practicable by flowing it over land, or through a series of ditches,

to Rawson Brook ; but provision will be made so that the sewage

will not have to run continuously in an}' one channel.

At the bottom of the tank an 8-inch gate connection with an 8-

inch pipe is to be laid at a down grade of about one foot to the

hundred to the point of discharge. Through this pipe the sewage

or sludge wliich settles at the bottom of the tank is to l)e discharged

once or twice a week, as may be necessary, upon ground thoroughly

underdraincd and levelled, so as to have a slight downward pitch

from the point of discharge. This ground is to be ridged around

the outer edge, so that the sludge may be distributed somewhat

evenly over the surface. After the water which it contains has

percolated through the drained surface, the solid refuse is to be

carted away. Two or three beds of this kind will be prepared to

be used alternately, and provision will be made for discharging the

sludge brought by the 8-inch pipe upon them.

By extending the 8-ineh pipe further in a southerly direction,

other sludge beds can be prepared when necessary to meet future

requirements.

It is proposed to acquire tlie knoll or ridge upon which the tank

is to be located, and other knolls or ridges southwesterly therefrom,

and all of the laud between these knolls or ridges and Rawson
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Brook, for the disposal of the sewage, and to purify the sewage-

upon this land as far as it may be found practicable to do so.

(Signed) H. O. Smith,

C. W. Warren,
D. Bemis,

Water Commissioners.
Leicester, Dec. 22, 1893.

The Board has caused a careful examination of the foregoing^

plan submitted by you to be made, and hereby approves said plan.

North Brookfield. The selectmen of North Brook-

field applied to the State Board of Health, July 23, 1893,

for advice relative to an extension of their existing system

of sewerage and to an improved method of sewage disposal.

The Board replied as follows :
—

Boston, Sept. 8, 1893.

The plan, as set forth by the application and plans submitted,

provides for the extension of the present main sewer to the north-

erly end of the town farm, the lower portion of said sewer to be

an inverted siphon of iron pipe. At the outlet of the siplion a

settling tank is shown, and provision is made for cleaning it by

discharging its contents through an 8-inch pipe extending from

the bottom of the tank down the hill to a sludge bed. The plan

also shows another pipe extending down the hill, to serve as a.

main carrier of a system for distributing the settled sewage. The-

other carriers are not shown, but it is understood that they are to-

consist of ditches dug along the hillside, and having only a slight

slope from the main carrier to their lower ends. It is further

stated that the sewage can be turned upon about 17 acres of mow-

ing and tillage land of a sandy nature, and tluis dispose of the

same by broad irrigation, and that there is other land upon the

tr^wn farm which could be easily used in the future if necessary.

The quantity of sewage at present is said to be about 50,000 gal-

lons per day.

Under the conditions which exist in the present case it is advis-

able to screen the sewage, rather than to settle it, and thus avoid

the possibility of producing offensive odors when the contents of

the settling tank are discharged upon the sludge bed. The in-

verted siphon can undoubtedly be made to operate as now pro-

posed, but it would be a desirable safeguard to adopt, to place

screens above the entrance of the siphon, and thus prevent any

large substances from getting into it. The satisfactory operation

of the siphon would also l)e further insured ])y constructing an

automatic flush tank above it, so that the sewage, instead of flow-



No. 34.] ADVICE TO CITIES AXD TOWXS. 81

ing through it continuously in a sluggish stream, would pass

through intermittently with a high velocity, and thus prevent the

formation of putrefying deposits iu the pipe. This intermittent

discharge of the sewage would also facilitate its distribution over

the land. The use of screens may be objected to on the ground

that they will require excessive attention, but this objection can

be overcome to a large extent by providing a very large screen

area.

The changes as suggested would tend to decrease the cost of

the work, as the screen chamber and flush tank should not cost

any more than, if as much as, the proposed settling tank, sludge

pipe and sludge bed ; and by screening the sewage so that no

large substances would enter the siphon pipe it would be feasible

to reduce the diameter of this pipe to 8 inches.

With the present knowledge with regard to sewage disposal

there would be a greater certainty of success if the sewage was
discharged upon beds prepared upon the most porous part of the

town land and disposed of by intermittent filtration. The proper

preparation of these beds would include the removal of the black

and yellow loam at the surface and the grading of the beds, so

that the sewage could be evenly distributed upon them. It is

probable, however, that, with the small quantity of sewage to be

taken care of, satisfactory results may be obtained by the system

of broad irrigation proposed by the town, and with less expense

than by intermittent filtration, and the Board therefore thinks it

proper tliat the town should begin to dispose of the sewage by
broad irrigation. It would advise, however, that even in the be-

ginning, several small bods, having an aggregate area of not less than

one-half an acre, should be carefully prepared for intei*mittent filtra-

tion by the removal of the soil, for use at times when it is impracti-

cable or inconvenient to dispose of the sewage by broad irrigation.

"Where the sewage is disposed of upon a hillside by broad irriga-

tion, there will be a tendency, if the sewage is allowed to flow long

in one place, for it to gather in a stream and flow down the hill.

To meet this contingency a large, level, intercepting ditch should be

constructed around the lower part of the land, not less than 5 feet

above the brook, to intercept streams of this character and prevent

them from flowing uufiltorod into the brook. Around other mar-

gins of the field small ditches should be dug to prevent the sewage

from flowing off in these directions and convey it to the large inter-

cepting ditch just mentioned.

In all cases of sewage disposal, and particularly where broad

irrigation is adopted, the attainment of successful results depends

to a very large extent upon the intelligent care taken to effect a

proper distribution of the sewage.
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PiTTsriELD. The city of Pittsfield presented to the Board,,

May 11, 1891, a plau of sewerage and sewage disposal,

under the provisions of chapter 357, Acts of 1890, providing*

for the permanent disposal of sewage of the city by filtration

upon land in the valley of the Housatonic River, with a tem-

porary outlet into the river during the construction of the-

works. This plan was approved by the Board, May 12,

1891, with the provision that the direct discharge into the

river should not continue after June 1, 1900.

On the 27th of December, 1892, the Sewer Commissioners,

applied to the Board requesting the following modification of

the plan approved by the Board :
'

' To strike out so much
of said plan as designates specific areas of land for the per-

manent disposition of said sewage, and by striking out so-

much of said plan as provides that after the date therein

specified all sewage is to l)e pumped to filtering fields across

the river and there disposed of by intermittent filtration, and

by inserting instead thereof a provision that after said date

all sewage is to be permanently disposed of by such methods

as the State Board of Health shall then approve." The
Board replied to this application as follows :

—
Boston, Jan. 10, 1893.

By the plan approved by the State Board of Health, above-

referred to, the Board permitted the use of the Housatonic River-

for the discharge of the sewage of Pittsfield until the year 1900,,

and after that date the sewage was to be cared for upon filtering,

areas of land and the discharge into the river stopped. The use of

the river was therefore but for a brief period, and the main features

of the general plan presented by the city of Pittsfield, and approved

by this Board, provided for the ultimate care of the sewage upon

the filtering areas. The changes now asked for, if approved by

this Board, would leave the city of Pittsfield without provision for

its future disposal of sewage other than the river. The Board is of

opinion that such a course is not advisable for the city, nor does.

the Board feel it will do its duty should it approve any plan not

fully providing for the future proper sanitary care of the city's

sewage. The Board therefore cannot approve the amendments as

proposed, but will consider any further plans in regard to the ulti-

mate disposal of the sewage which the city may desire to present.

Plymouth. The committee on sewerage of the town of

Plymouth applied to the Board, March 30, 1893, for its advice
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relative to a plan of sewerage and sewage disposal for that

town. The Board replied as follows :
—

Boston, June 14, 1893.

The plan referred to shows the outHnes of a system of sewerage

for the portion of the town from wliich sewage can be brought by

marginal intercepting sewers to a point in AVater Street just north

of all wharves, and a 12-inch cast-iron pipe extending from this

•connecting point out into the harbor to the North Guzzle, so called.

It is understood that the plan proposes the admission of storm

TV'ater into the sewers from the main street of the town, but that

•elsewhere it is to be excluded. In order to provide for the dis-

posal of the storm water, storm overflows from the marginal sewer

:are provided at four points along the shore.

The only important feature in which the Board advises a change

is in the outlet pipe, which, in the opinion of the Board, should be

cJianged so as to reach the Guzzle at a point as far from the shore

as it is practicable to extend the pipe, but not more than 1 ,500 feet.

The limit of 1,500 feet is mentioned because it is doubtful if a

pipe longer than this could be kept free from deposits. In making
tlie pipe longer, as advised, its size should be increased to 14

inches, which will not only offset the loss of capacity due to the

greater friction of a longer pipe, but will also give a slight addition

to the capacity, which is desirable.

The sizes and inclinations of the intercepting sewers appear to

have been judiciously chosen, so far as can be judged from the

preliminary plan submitted. These sewers of necessity are placed

at a low level as compared with high tide, and have rather low

grades, so that they ma}' not prove wholly self-cleansing, but, even

if tlioy should not, the amount of care required to keep them clean

would not be excessive. The cleaning of the southern branch of

the intercepting sewer may be facilitated by the construction of

an inlet as large as the sewer itself from the lower millpond on

Town Brook, provided tiie millpond is at a sufficient elevation,

this inlet to be used from time to time at low tide for flushing the

sewer.

As a precaution against the clogging of the outlet pipe the Board

would suggest the construction of a small chamber at its upper

end, where it receives the sewage from the intercepting sewers.

The bottom of this chamber should be depressed so as to act as a

settling basin and catch any heavy material brouglit down by the

sewers. It could be built in the street, but it would be better to

•construct it just outside the street lines and make it easily acces-

sible. A gate at the upper end of the pipe, by which the water or
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sewage could be held back in the sewers and then let out suddenly

at low tide to flush the pipe, would be an advantage.

Spencer. The superintendent of sewers of Spencer ap-

plied to the Board, June 1, 1893, for its advice relative to

a system of sewage disposal upon land in the valley of Seven

Mile River. The Board replied as follows :
—
Boston, Dec. 8, 1893.

The Board finds from the statements contained in your applica-

tion, and from the examinations made by one of its engineers, that

the topography of the town is such that nearly all of the sewage

can be collected by a system of sewers with a main sewer leading

toward the Seven Mile River at a point south-westerly from the

centre of the town, that the main sewer and a large part of the

tributary sewers of this system have already been built, and that,

the sewage is now discharging into the river. It is the sewage:

from this main system which you propose to deal with at present.

The sewers already built are for the most part intended to take

sewage only, but at a few points catch-basins have been built

through which considerable storm water is admitted to the sewers
;

and there is also a considerable amount of ground water finding

its way into them, which materially increases the volume of sewage

to be taken care of. The sewers also receive, in addition to the

sewage proper, certain waste matters from the gas works in the

town, which make the sewage particularly offensive and destroy

the vegetation in the vicinity of the sewer outlet.

The town is situated on high land, and the main sewer falls,

rapidly until it reaches the lower land bordering the river. By
intercepting the sewage before it reaches too low a level the sew-

age can be discharged by gravity upon land at a sufficient height

above the river for sewage filtration. The suggestion has been

made by you that the town now owns ten acres of gravelly land

near the river, through which the present main sewer passes, which

might be used for the disposal of sewage by intermittent filtration ?

and that there are also about three acres of similar land adjoining

the town lot on the south which might be used if additional area

was required.

The material of the town lot, as determined by several test pits

and by an examination of the surface of the ground, is of suitable

quality for the disposal of sewage by the method suggested. The
proper preparation of the lot for sewage disposal would involve

the removal of the surface loam and the grading of the land into

beds of suitable size, having a surface of porous sand or gravel.
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In order to make the lower portions of the land available it would

be necessary, after removing the surface loam, to raise them by

filling with porous sand or gravel to a level six feet above ordinary

high water in the river. The filter beds which have surfaces not

more than 8 feet above the river should be underdrained. By tak-

ing the sand or gravel for this filling from the higher portions of

the land and by building a few hundred feet of sewer in Main

Street, so that the sewage will reach tlie lot at a higher level, it

will be feasible to utilize all of the gravelly land, including the

three acres lying soutli of the town lot.

It is desirable to restrict as far as practicable the amount of

sewage to be taken care of, and in order to do this the surface

water which now enters the sewers through the catch basins in the

streets should be disposed of in some other way. It is also desir-

able to diminish the amount of ground water, if, upon examination,

it should be found feasible to do so. Should any large amount of

ground water be found to enter the main sewer, or should it be

found desirable to continue to dispose of the storm water through

underground channels, it may be best to lay a new main sewer of

much smaller size than the present one to take the sewage, reserv-

ing the present main sewer for the discharge of surface and ground

water. The surface water which would naturally flow from adjacent

high land upon the filter beds should also be collected and disposed

of in such a way tiiat it will not tend to saturate the beds. It may
be feasible to turn this water into the lower portion of the present

main sewer below the point where the sewage will be diverted from

it to the filter beds.

It may be said, with regard to the disposal of the sewage of the

town by intermittent filtration, that it is not probable that the

results will be satisfactory unless the wastes from the gas works

are excluded from the sewers, or, before being admitted, are

treated in such a way as to make them inoffensive, and to remove

all tarry or oily substances which would tend to clog the filter bed.

The area of suitable land at the town lot and the lot adjacent to

it is smaller than is desirable, considering the large amount of

ground water which finds its way into the sewers, and the increas-

ing quantity of sewage which will enter the sewers as they are ex-

tended and the town increases in population. If the ground water

could be excluded from the sewers, the area would be sutlicient

until the population of the town is considerably larger than at

present.

In view of the somewhat limited area of land available at and

near the town lot, examinations were made to determine whether

additional land was available, and a tract was found, lying in a
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south-westerly direction from the town lot, between the Brookfield

road and the river, jnst beyond the cemetery, which appeared

from a surface examination to be suitable for sewage filtration.

This land is considerably higher than the river, but it is lower than

the main sewer in Main Street, a short distance from the town

lot, and the sewage could be conveyed to it through an iron pipe

which would run full and under pressure. The lowest point in

this pipe would be at the corner of Meadow and Main streets,

nearly opposite the town lot, so that the pipe could be emptied

frequently upon filter beds on the town lot, and thus kept clean.

This tract of land is of suitable quality, and probably other land

in this vicinity could be made available for the disposal of sewage.

While the town lot has a decided advantage, owing to its pres-

ent ownership by the town and the ease with which sewage can

be turned upon it, it will obviously be quite expensive to grade it

and the small lot south of it so that the whole area of these lots

will be available for sewage disposal, and unless the amount of

sewage is materially diminished by the exclusion of ground water,

it will be necessary to provide additional filtering area before long.

It is therefore recommended that the town lot should not be finally

adopted as the only site for filter beds until the other tract of laud

beyond the cemetery has been more carefully investigated, by

digging test pits to ascertain if the material is porous and suitable

for filtration ; and, if so, whether it will not be cheaper to prepare

the required area of filter beds partly at the town lot and partly at

the lot beyond the cemetery ; or, if not cheaper, whether it may

not be desirable to control this second lot from the beginning, so

as to have an opportunity to extend the filter-beds whenever it

becomes necessary.

When you have the results of further surveys and estimates, or

more definite plans of sewage disposal to submit, the Board will

advise you furtlier in this matter.

The Board is of the opinion that tlie discharge of the sewage

directly into the Seven Mile Kiver should be discontinued.

"Westborougii. The committoe on sewerage of the town

of Westborough presented a general plan for the sewage

disposal of the town, Feb. 3, 1800, which the Board approved

(Senate Document 4, 1891, page 18). By a general Act of

the Legislature of 1890, chap. 124, it was provided that

land might be taken for sewage disi)osal with the approval of

the State Board of Health after a public hearing. Under the

provisions of this Act the selectmen applied to the Board
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June 22, 1891. A hearing was held July 7, 1891, and the

location submitted l)y the town was approved by the Board,

July 8, 1891 (Senate Document 4, 1892, page 49).

In the following year, April 16, 1892, the selectmen of

Wcstl)orough presented a plan, which, after (hie consider-

ation, the lioard deemed unsatisfactory and expressed such

opinion in a communication to the selectmen, Nov. 3, 1892

(Senate Document 4, 1893, page G), stating the conditions

essential to success.
*

The selectmen again applied to the Board, Sept. 18, 1893,

stating that the advice of the Board had not been carried out,

and requesting the Board to " make an examination of the

present sewage-disposal works of "\VGstl)orough and advise

the town further in the matter of sewage disposal." The

Board replied as follows :
—

Boston-, Oct. 26, 1S93.

In compliance with this request the Board has caused an exarai-

natiou of your present works to be made b}' one of its engineers.

He finds that you have prepared filter-beds, having an area of a

little more than two acres, by filling porous sand and gravel to a

depth of from one to two and a half feet upon land from which

the greater part if not all of the loam had been removed. From
an examination by means of test pits dug at various points in the

filter beds, he finds that the material beneath the upper porous

layer is an extremely fine sand which not only remains saturated

with water, but also keeps the porous material above it saturated

for weeks after the discharge of sewage upon it has ceased. These

conditions are unsuitable for the purification of sewage ; and a

very small quantity of sewage only could be disposed of upon
these shallow beds if they were undcrdrained.

It was also found that a portion of the sewage was disposed of

by being turned into a gravel pit, near the carrier, until the sewage

stood in the pit to a depth of several feet, when it filtered into the

ground quite rapidly, and the water reappeared in the form of a

spring, a short distance away, clear but not thoroughly purified.

It is highly improbable that this method of disposal would continue

to give even as good results as at present for any long time in the

future if any large proportion of the sewage should be turned into

this pit. The rapidity with which the sewage disappears shows

that the ground is porous in this vicinity, and that a good filter-

bed might be prepared here which would successfully dispose of a

portion of the sewage.

In reply to a previous application made by your board, the State
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Board of Health sent to you ou Nov. 3, 1892, a communicatiou

containing its advice in a general way as to what the town should

do to properly dispose of its sewage. This advice, which the

Board has no reason to modify, is as follows :
—

The Board .... advises that the town should prepare filter-

heds having a total area of not less than five acres for the disposal of its

sewage. These beds should consist of sutficiently porous material to

properly filter tlie sewage, and if of such a character or so situated that

the grouiad-water level will not remain at least five feet below the sur-

face of the beds, they should be efficiently underdrained.

The most economical method of preparing beds such as are here de-

scribed is a matter which requires investigation. If a portion of your

land can be fomid where there are two or three feet of porous material

above the level of the water in the Assabet Eiver, the required height of

filter-bed can be obtained by filling gravel upon this portion after the

loam or any other layer of very fine material which may be found has

been stripped from it. If such land as is here described cannot be found,

it may then be necessary to prepare beds by cutting down some of the

liigher gravelly land to the pi-oper level, and filling the excavated

material upon the low land, both the excavated and filled areas being

used for filtration. The character of the material lying on the easterly

side of a narrow swamp, and also easterly from the tract belonging to the

town, ajipears to be of suitable quality for the construction of filter-beds

by the last described method.

The Board cannot give you any more specific advice than that

above given as to what should be done, because it is not feasible

from such examinations as are made by its engineers to obtain the

accurate data upon which such advice should be based in order to

avoid wasteful expenditures and unsatisfactory results.

What you should therefore do is to employ some engineer skilled

in tbis class of work to make plans of all the territory which may

be used for sewage disposal, showing the height of the ground, the

level of the water in the ground and the location of the test pits,

which should be sunk at frequent intervals and to a sufficient

depth to determine accurately the character of the material at dif-

ferent places with reference to its porosity. He sbouhl also deter-

mine where and how filter-beds can be constructed at a minimum

cost, which will at least meet the requirements contained in the

former rei)ly of tbe Board.

If you should decide to make such investigations the Board will

direct its engineers to co-operate with your engineer in the matter

of determining the suitability of materials ol)tained from test pits

for filtering sewage ; and when the investigation is far enough

advanced and new plans are presented the Board will advise you

further regarding them.
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EXAMINATION OF WATER SUPPLIES.

EXPLANATORY NOTE.

The systematic examination of the water supplies of the State was begun

June 1, 1887, and has been continued up to the present time. The results for

the years previous to 1893 have been published in four reports, as follows:

June 1, 1887, to May 31, 1889, in the Special Report of the Board upon the

Examination of Water Supplies (1890) ; June 1, 1889, to Dec. 31, 1890, in the

Twenty-second Annual Report of the Board for the year 1890 ; for the years 1891

and 1892, in the Twenty-third and Twenty-fourth Annual Reports of the Board

for those years. The present (Twenty-fifth Annual) report contains the I'esults

for the year 1893.

The first of these reports contained a description of each of the water sup-

plies in the State existing at the date of that report. The later reports have

described only new works and changes in existing works.

An alphabetical arrangement b}- towns has been adopted in this, as in previ-

ous reports. Sources of water supph* are tabulated luuler the name of the town

supplied, other waters under the name of the town in which they are situated.

The analyses of water from the larger rivers not used as sources of water supply

are given in a subsequent tabulation, headed "Examination of Rivers."

The chemical examinations in this report were made in the same manner as

heretofore, and are presented in the tables in the same form as in the last report,

except that a new determination, " Oxygen Consumed," has been added. This

determination has been made for all waters this year, and appears in the tables

of analyses for the first time. Owing to the space occupied by the column of

"Oxygen Consumed," the "date of examination" of the samples has been omit-

ted from the tables. The samples are usually received at the laboratory from
twenty-four to forty-eight hours after collection.

All surface water and such samples of ground water as contain suspended

matter are filtered through filter-jjaper before determining the color, tlie residue

on evaporation and tlie all)uniinoid anunonia in solution. Some ground waters

which are perfectly clear and colorless when drawn from the ground become

turbid and colored on standing, in consequence of the oxidation of the iron which

they contain. In these waters the residue on evaporation is determined without

filtration, since this iron is an essential and not an accidental ingredient in the

water. In the changes which accompany the oxidation of tiie iron in waters of

this character, tliey become first cloudy (well described by tlie woril jiiilk-y) and

finally deposit a precipitate of oxide of iron. In the cloudy condition tlicy have

a distinct color, which, while it does not have the same significance as in the

case of surface waters and is only a passing phenomenon, is, nevertheless, of

interest as showing a color which the water may assume while the oxidation of
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the iron is in progress. When the iron is all oxidized and precipitated the water

may become colorless again. Explanatory notes will be given for waters of

this kind in connection with the tables of analyses.

The color of water is expressed by nnmbers which increase with the amount
of color. The standard used is nesslerized ammonia, as described on page 531 of

the Special Report upon the Examination of Water Supplies, 1890, and on page
329 of the Annual Report for 1S93. Boston water, as drawn from a tap at the

Institute of Technology, has had an average color for six years of 0.43. Other

water supplies in the State have had an average color of from to 1.45.

In cases where examinations of a source have been made with considerable

regularity for several years, the averages of the results of the chemical analyses

of ijrevious years are appended to the tables of analyses for 1893.

In the microscopical examination of water there has been no change in the

method employed since Nov. 6, 1890. This method was fully described in the

Twenty-third Annual Report of the Board for the year 1891 (pages 395-421).

Before Xov. 6, 1890, the methods employed were less perfect, so that a smaller

projDortion of the total number of organisms present in the water was separated

from it and obsei'ved under the microscope ; and, before drawing conclusions

fi'om a comparison of the microscopical examinations of waters made before and

after this date, the explanatory note on page 70 of the Twenty-second Annual
Report for 1890 should be read.

To indicate the amount of the so-called Zooglcea observed, the number of

individual masses is not counted, but an area equal to 2,500 square microns, or

.0025 square millimeters, has been adopted as an arbitrary unit.

In publishing the results of the microscopical examinations the same system

is followed as last year. The jjlants observed are classified in four groups,

viz. : Diatomacete, Cyanophycere, Algse and Fungi. The Animals observed are

grouped as Rhizopoda, Infusoria, Vermes and Crustacea.

The names of the different genera in each group are given with the numbers
of each per cubic centimeter, except that, to avoid making the tables excessively

long, they are omitted when present only in very small numbers. It is not

feasible to make with regard to omissions a single rule which will apply to all

cases, because it is desirable to include smaller numbers of animals than of

plants, and of the larger animals than of animals generally. Moreover, there

are exceptional cases in which it is desirable to indicate the presence of even

very small numbers of the more important plants or animals. Two general

rules, however, have been adopted in printing the results, namely :
—

1. All genera of Plants are included in which the total number observed in

twelve months amounts to 6 or more per cubic centimeter, or in other words

averages as much as 0.5 per month.

2. All genera of Animals are included in whieli the total number observed

in 12 months amounts to 1.5 or more per cubic centimeter.

The larger microscopic animals, such as some of the Crustacea, are included,

even when present only in very small numbers.

Fractions are generally omitted from the table, the nearest whole number of

organisms per cubic centimeter being given. Where the total number of organ-

isms observed is 0.5 or less, the fact that the organism was present is usually

indicated by the abbreviation " pr.," but in the case of the laj-ger organisms very

small fractions are given.
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EXAMINATION OF WATER SUPPLIES.

Water Supply of Abingtox and Rockland.

Chemical Examination of Waterfrom Big Sandy Pond, Pembroke.

[Parts per 100,000.]
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ABIXGTOlSr AND KOCKIiAlSTD.

Microscopical Examination of Water from Big Sandy Pojid, Pembroke.

[Number of organisms per cubic centimeter.]
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Water Supply of Amesbury.

AMESBURY.

Powow Hill Water Company.

Chemical}Examination of Waterfrom the Works of the Poivoio Hill Water Company.

[Parts per 100,000.
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ANDOVER.

Microscopical Examination of Waterfrom EaggetVs Pond, Andover.

[Number of organisms per cubic centimeter.]
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Chemical Examination of Water from the Brook just above the

of the Arlingtoyi Water Works.

[Parts per 100,000]

ARLINGTON.
Storage Reservoir
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ASHBmNHAM.
ASHBURNHAM.

Chemical Examination of Waterfrom Upper Naukeag Pond, Ashburnham.

[Parts per 100,000.]
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ASHBURNHAM.
Microscopical Examinalion of Water from Upjier Kaukeag Pond, Ashburnhani.

— Concluded.

[Number of organiflms per cubic centimeter.]

ANIMALS.
Infusoria,

Dinobryon,
Dinobryon cases,
Perldinium

"Vermes, Anurea

Miscellaneous, ZoSgloen, .

Total 4 I 56 271

Water Supply of Attleborough.

In April, 1892, the town of Attleborough introduced water from a

oew source and abandoned its foimer source of supply near the Ten
Mile River, in tlie thickly settled portion of the village.

The new source of supply is a large well' about one hundred and

fifty feet from Seven Mile River, just above Orr's Pond,— a mill

pond at the confluence of Seven Mile River and Four Mile Brook.

The well is thirty feet in diameter at the top and tuenty-tive feet

<3eep. For the first five feet the material removed was a coarse

compact gravel of a reddish tint. Beneath this was a stratum from

two to six inches in thickness consisting of particles of coarse sand

•closely cemented together, and having a color somewhat resemi>ling

iron rust. Below this stratum to the l)otlom of the well, twenty-

five feet beneath the surface, the material was a coarse sandy gravel

in which no quicksand or very fine sand was found, and no stones

•of a greater diameter than eight inches. At the l)ott()m of the well

ithe material was very coarse.

A tubular well one and one-fourth inches in diameter was driven

to a farther depth of twenty-five feet below the bottom of the well,

without striking rock.

The walls of the well are of stone for a height of ten feet above

the bottom, the first eight feet being laid without mortar. Above
tb« stone work the walls are of brick masonry si.vteen inches in

thickness for a height of eight feet and twelve inches in thickness

for the remaining ten feet, bringing the top of the wall aI)out three
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ATTLEBOROUGH.
feet above the surface of the ground. Light is excluded from the-

well by a wooden roof. A direct connection has been made with

Orr's Pond for use in cases of emergency. Water is pumped from

the well to the distributing system and to a covered iron tank.

During construction this well is said to have yielded water very

freely.

Chemical Examination of Waterfrom, the Well of the Attleborough Water Works.

[Parts per 100,000.]

Odor, noue.— The samples were collected from a faucet at the pumping station, while pumping.

Microscojncal Exam ination

.

No organisms.

Water Supply of Ayer.

Chemical Examination of Waterfrom the Ayer Water Works.

[Parts per 100,000.]

Odor, none. The first sample was collected from the well used as a source of supply for the

town; the last sample, from a faucet in the villnfce, and may have consisted wholly or In part of water

which bad passed through the open diHtrlbuting reservoir.

Microscopical Examination.

No. 1048.3. MIscellanouB, Zooglitti, .5.

No. 10784. Dialomaceso, CycloleUa, 4. Algas, ScenedeHinus, 1. Fungi, Crenolhrix, 2. Total, 7.
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BELMONT.
Water Supply of Belmont.

(See Watertown.)

Chemical Examination of Waterfrom Clematis Brook in Belmont.

[ParlB per 100,000.]
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BOSTOX.
Water Supply of Boston.

The principal change in the conditions affecting the character of

the Boston water supply during 1893, is the filtration of the water

of Pegan Brook through carefully prepared filter-beds of large area

before it is discharged into Lake Cochituate. This brook drains the

central portion of the town of Natick, which has no sewerage system.

The extension and increased use of the sewerage systems in

Framingham, Marlborough and Westborough, has caused a still

greater proportion of the sewage of these towns to be removed from

the watershed of the Sudbury Eiver than was the case last year.

The works of the Jamaica Pond Aqueduct Company were pur-

chased by the city of Boston at the end of 1892, and the supply

from this source has been permanently discontinued.

Sudbury River Supply.— Chemical Examination of Water from Cold Spring-

Brook, at Head of Reservoir No. 4, Ashland.

[Parts per 100,000.]

. 1
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Sudbury River Supply. Chemical Examination of Water

No. 4, Ashland.

[Parts per 100,000.]

BOSTOX.

from Reservoir
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BOSTON.
Sudbury River Supply. — Microscopical Examination of Water from Eeservoir

No. 4, Ashland.

[Number of organisms per cubic centimeter.]
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BOSTOX.
Sudbury River Supply.— Chemical Examination of Waterfrom Sudbury River

at the Upper End of Reservoir Xo. 2, Ashland.

[Parte per 100,000.]
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BOSTOX.
Sudbury River Supply. Chemical Examination of Water from Reservoir

No. 2, Framingham.

[Parts per 100,000.]
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BOSTON.
SuLiBURY River Supply. — Microscoincal Examination of Water from Reser-

voir No. 2, Framingham.

[Number of organianis per cubic centimeter.]
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BOSTON.
Sudbury River Supply.— Chemical Examination of Waterfrom Walker'^s Brook

Marlborough.

[Parts per 100,000.]
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BOSTON.
ScDBURY RiVEK SUPPLY. — Chemical Examination of Water from Stony Brook,

at Upper End of Reservoir Ko. 3, Southborough.

[Parts per 100,000.]
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BOSTON.
Sudbury Rfs'er Supply. - Chemical Examination of Waterfrom Reservoir

No. 3, Fraviingham,

[Parts per 100,000.]
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BOSTON.
Sudbury River Supply.— Microscopical Examination of Water from Reservoir

No. 3, Framingham.

[Number of organisms per cubic centimeter.]
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BOSTON.
CocHiTUATE Supply. — Chemical Examination of Water from Lake Cochituate,

in Wayland.

[Parts per 100,000.]
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BOSTOX.

CocHiTUATE Supply.— Microscopical Examination of Water from Lake Cochit-

tiale, in Wayland.

[Number of organiBms per cubic centimeter,]
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BOSTOX.
CocHiTUATE \Yo-RKS.— Chemical Examination of Water from a Faucet at the

Massachusetts Institute of Technology , Boston.

[Parts per 100,000.]
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BOSTOX.
COCHITUATE WouKS.— Microscojiical Examination of Water from a Faucet at

the Massachusetts Institute of Technology, Boston.

[Number of organlBoiB per cubic centimeter.]
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BOSTOX.
^Iystic Supply.— Chemical Examination of Water from Mystic Lake.

[Parts per 100,000.]
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BOSTON,
Mystic Supply.— Microscopical Examination of Waterfrom Mystic Lake.

[Number of organisms per cubic centimeter.]
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BOSTOX.
Mystic SuPPLV.— Chemical Examination of Water from Mystic Lake, at Various

Depths.

[Parts per 100,000.]
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BOSTON.
Mystic Supply.— Chemical Examiiiation of Water from a Faucet in Everett

sujfpliedfrom the Mystic Works.

[Parts per 100,000.]
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bradford.

Water Supply of Bradford. Bradford Water Company.

Chemical Examination of Water from the Wells of the Bradford Water Company.

[Parts per 100,000.]
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BllADFOllD.

to the water iire ut tirst so very fine tliut they communicate to the

water a milky appearance which cannot be removed l)y filtration,

and tlie eflect of it is to make the water appear colored as if from

dissolved coloring matter. When the oxidation of the iron is com-

l)lote, a rusty precipitate usually forms and the supernatant or

filtered water is again clear and colorless. Any record of turbidity,

sediment or color, while the oxidation of the iron is in progress,

relates, therefore, to a passing phenomenon, but is nevertheless of

interest as showing a condition which the water may assume ; these

records cannot, however, be considered as indicating the compara-

tive character of the water from month to month, because they

depend so largely upon the extent of the oxidation of the iron at

the time they were made. The presence of iron affects the deter-

mination of the " oxygen consumed," and the results of this

determination as given in the tables are in consequence all a little

higher than they would otherwise be. A progressive deterioration

of this water, as compared with previous years, will ])e noted. The

organic matter, as shown by the albuminoid ammonia, and the

product of its decomposition, as shown by the free ammonia, are

decidedly on the increase.

Microscojyical Examination of Water from the Wells of the Bradford Water

Company.

[Number of organisms per cubic centimeter.]
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BBAIKTREE.
Water Supply of Braintree.

Chemical Examination of Water from the Filter-gallery of the Braintree Water

Works.

[Parts per 100,000.]
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BRAINTREE.

Chemical Examination of Waterfrom Little Pond, Braintree.

[Parts per 100,000.]
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BRIDGETVATER AXD EAST BRIDGET\rATER,

Chemical Examination of Water from the Wells of the Bridgeicaters Water

Company.

[Parts per 100,000.]
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BRIDGEWATER A>D EAST BRIDGEWATER,
Chemical Examination of Water from the Town River at Bridgewaler, opposite the

Wells nf the Bridgewaters Water Comjjaiii/.

Parts per 100,000.]
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BROCKTOX.
Chemical Examination of Water from Salisbury Brook Storage Reservoir* Brockton.

[Parts per 100,000.]
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BROCKTON.
Microscopical ExaminrUion of Water from Salisbury Brook Storage Reservoir,

Brockton.

[dumber of orgnnlsms per cubic centimeter.]
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BROCKTOX.
Compariso7i of Examinations of Water from the Brockton Water Works before

ajid after AeraUon in the OiKu Tank.

Note. — Figures in bold-face type show results of examinations before aeration. Figures in

Roman type show results of examinations after aeration.

[Parts per 100,000.]

10087

100S8

10966

10967

11138

11139

11449

11450

1893.
Mar. 7

Mar. 7

Sept. 5

Sept, 5

I Oct. 4

Oct. 4

Dec. 5

Dec. 5

APPEARA^•CE.

Sli't. V. sl't.

Slight. V. slight

Dist't. Slight.

Diet't

Sli't.

o

Av.

Av.

Slight.

Sli't.

Dist't.

Cons.,
brown.

I

Cons.,
green.
Cons.,

green.
Cons.

I

Heavy,
rusty.

0.90

0.90

0.60

0.68

0.60

0.55

0.65

0.70

0.69

0.71

Distinctly vegetable
and unpleasant.

Distinctly* vegetable and
unpleasant.

Distinctly vegetable.

Distinctly vegetable.

Faintly vegetable.

Distinctly vegetable.

V. faintly vegetable.

Distinctly vegetable and
unpleasant.

not.

Distinctly vegetable,
sweetish, unpleasant.

Distinctly* vegetable, sweetish,
unpleasant.

Distinctly vegetable.

Distinctly vegetable.

Distinctly vegetable
and mouldy.

Dist'ly vegetable and mouldy.

Very faintly vegetable.

Very faintly vegetable.

* Somewhat less strong than in 10087.

Comimrison of Examinations of Water from the Brockton Water Works before

and after Aeration in the Open Tank — Concluded.
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BROCKTO>r.
Table showing Height of Water in Salisbury Brook Storage Reservoir, Brockton,

on Dates when SamjJles of Water ivere collected for Analysis.

Note.— Hiffh-water mark is 14.25 feet.

I)ATK.-1893.
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Water Supply of Beookfield.

Chemical Examination of Water from the Brookfield Water Works.

[Parts per 100,000.]
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BROOKLINE.

surplus riiin-water. At the top of each line of arches is located a

ventilator to allow a free circulation of air.

Water enters the reservoir near the bottom through a cast-iron

main twenty inches in diameter, and is drawn out through the same

pipe. Provision was made for drawing all the water out of the

reservoir if necessary by giving the bottom a slight slope toward a

gutter, the bottom of which also has a slight slope and conveys the

water to a ten-inch pipe passing through the wall. The reservoir is

provided with an overflow 16.2 feet above its bottom, and surplus

water flows olf in this way into the open distributing reservoir

near by. The open reservoir is still retained for use in cases of

emergency.

Water is now delivered to consumers without exposure to light

at any point, and it is said that since the new reservoir was put in

operation the consumers have been very well satisfied with the char-

acter of the water, and all complaints of bad tastes and odors have

ceased.

Chemical Examination of Water from a Faucet at .the Low Service Pumjnng
Station andfrom the Covered Reservoir of the Brookline Water Works.

[Parts per 100,000.]
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CAMBRIDGE.
Water Supply of Cambridge.

Chemical Examination of Waierfrom Fresh Pond, Cambridge.

[Parts per 100,000.]



No. 34.] EXAMINATION OF WATER SUPPLIES. 133

CAMBRIDGE,
Microscojncal Examination of WaterJrom Fresh Pond, Cambridge.

[Number of organisms per cubic centimeter.]

Jan. Feb. ; JIar. Apr. May. June. July. Aug. Sept. Oct. Nov.
|
Dec,

Day of examination,

Nuaiber of sample,

5

9846

7

9967

7

10079

5

10208

3

10349

7

10480

5

10585 10739 10963
i
11132

9

11294

7

11456

PLANTS.
DiatomacesB,

Astcriolampra,
Asterionella,
Cyclotella, .

Diatoma, .

Fragilaria, .

Melosira, .

Stepbanodiscus
Synedra, .

Tabellaria,

Cyanophyceee,

Anabiena, .

Clathrocystis, ,

Microcystis,

Alg88, .

Cblorococcus,
ClOBteriura,
Eudorina, .

ProtococcHs,
ScenedesmuB,
Staurastrum,
Tetraspora,
Zoospores,

Fungi, Crenotbrl.v,

2,116

396
296

3
106
536
432

3
344

363

44
264

9

10
1

35

411

322
12
P2

pr.
1

2
1

11

1

794
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CAMBRIDGE.
Chemical Examination of Water from Stony Brook Storage Reservoir, Waltham.

[Parts per 100,000.]



No. 34.] EXAMINATION OF WATER SUPPLIES. 135

CAMBRIDGE.
Microscoxiical Examiiiation of Water from Slony Brook Storage Reservoir,

Waltham.

[Number of organiBmB per cubic centimeter.]
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CAMBRIDGE.
Table showing Heights of Water in Fresh Fond and in Stony Brook Storage

Feservoir on the Dates u-hen Samples of Water were collected for Anah/sis.

[Heights are in feet above Cambridge city base.]

FRESH POXD. High Water, 16.85.
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CHELSEA.
Water Supply of Chelsea.

(See Boston, Mijslic Works.)

Water Supply of Chester.

DeHcripiion of Works,. — The population of the town in 1890 was

1,295. The population of the main village, which is the only portion

of the town supplied with water, is said to be about 800. The w'orks

are owned by C. L. Goodhue. Water was introduced in November,

1893, and was supplied to about 60 families at the end of the year.

The source of supply is Austin Brook, a tributary of Walker
Brook. Water is drawn from Austin Brook at a point about 1,200

feet from 'its mouth, and less than a mile west of the village of

Chester, where a small reservoir has been constructed at a sufficient

elevation to supply the town by gravity. It is said that the reser-

voir is formed l)y a dam about 8 feet in height, and covers an area

60x80 feet to an average depth of about 6 feet.

The brook, above the point where the dam is located, drains an

area about 1^ square miles, which is mainly pasture and woodland
;

it is said that there is but one dwelling house on this area.

The distributing mains are of cast-iron, and the service pipes are

of galvanized iron.

The advice of the State Board of Health to the town of Chester,

with reference to taking a supply of water from Austin and other

brooks, may be found on pages 15 to 17 of this volume.

Chemical Examination of Water from Austin, Blandford and Walker Brooks, and
Horn Pond in Chester and Becket.

[Parts per 100,000.]
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chicopee.

Water Supply of Chicopee.

Until 1893 the city of Chicopee had been supplied with water

from various sources as follows :
—

Chicopee Centre, having a population in 1890 of about 7,500, was

supplied with water by the Chicopee Water Company from Dingle

Brook, and from wells, partly by gravity and partly by pumping.

Chicopee Falls (population in 1890, 5,553) was supplied chiefly

from works owned by the district, with water pumped by the Chico-

pee Manufacturing Company from the Chicopee River within the

village.

Willimansett Village (population in 1890, about 300) was sup-

plied by the Willimansett Aqueduct Company with water by gravity

from a small brook.

In 1892 the city of Chicopee acquired possession of the works of

the Chicopee Water Company and of the Willimansett Aqueduct

Company.

In the winter and early spring of 1892 there was a mild epidemic

of typhoid fever in Chicopee Falls, and the State Board of Health,

after investigation,* found reason to believe that the epidemic was

due to the use of water from the Chicopee River, a stream which re-

ceives the sewage of several thousand people, and taking these results

in connection with investigations in other places showing that a pol-

luted running stream is a very dangerous source of water supply,

advised the city to secure a pure water supply for Chicopee Falls

and to discontinue the use of river water. The new supply was com-

pleted at the end of 1893, and the use of w'ater from the Chicopee

River was discontinued.

Description of Worka. — The new sources of supply are Morton

and Cooley Brooks, the waters of which are taken near their con-

fluence, about H miles northeast of Chicopee Falls. Cooley Brook

is a tributary of the Chicopee River from the north, and a large part

of its course is through a ravine in the great sandy plain between

Chicopee and Granby. Owing to the character of its watershed,

which allows much of the water falling upon it to pass into the

ground and move gradually toward the brook, which it finally

roaches in the form of springs, its flow is well maintained in a dry

• See " An Investigation of an Outbreak of Typhoid Fever in Chicopee Falls apparently

doe to infected Water Supply," made under the direction of Prof. W. T. Sedgwick in the

twenty-fourth annual report of the State Uoard of Health for 1892, pages 705-714.
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season. A clam about 170 feet long and 10 feet in height has been

constructed across the brook at a point about three-fourths of a mile

from its mouth, forming a small reservoir said to have a capacity

when full of 5,500,000 gallons. All the loam and vegetable matter

was removed from the area to be flowed up to the level at which it

is proposed to hold the water, which for the present will be only

high enough to divert the water into a conduit leading to the pump-
ing station.

Morton Brook is a small branch of Cooley Brook, fed almost

wholly by springs, which enters the latter a short distance below

the dam just described. A low dam has been constructed across

this brook a short distance above its mouth, forming a small reser-

voir about 80 feet long, 40 feet wide, and averaging three feet in

depth, which was thoroughly cleaned.-

A cast-iron conduit pipe 16 inches in diameter conveys water by
gravity from Cooley Brook to a receiving basin at the pumping
station, a distance of 2,434 feet. A branch conduit 8 inches in

diameter, also of cast-iron, conveys the water from Morton Brook
to the main conduit, a distance of 750 feet. It is proposed to take

the supply as far as possible from Morton Brook, because of the

better quality of its water.

• The receiving basin is 107 feet long, 77 feet wide and 8 feet deep

at high water. It is oval in shape, with sloping sides, and has a

capacity of 350,000 gallons. The slopes are paved with bricks laid

in cement, and the bottom is covered with a layer of Portland

cement concrete, (3 inches in thickness, over which is a layer of

gravel 4 inches in thickness. At the end of the basin where the

conduit enters, there is a sand chamber 9 feet long, 6 feet wide and
8 feet deep, designed to catch heavy suspended matter, and from
this chamber the water overflows into the main portion of the basin.

The surplus water brought to the basin passes ofl" through an over-

flow formed by a 20-inch pipe set perpendicularly in the centre of

the basin, and discharging into a pipe leading to Cooley Brook.

"Water is pumped from the basin to the city and to an open iron

tank 55 feet in diameter and 60 feet in height, situated a short dis-

tance from the main pipe between the pumping station and the city.

All new distributing mains are of cast-iron ; new service pipes are of

galvanized iron and lead.
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CHICOPEE.

The old works of the Chicopee Water Company will still be used

as a low-service supply for the lower portion of the city.

The water supply of the village of Willimansett was introduced

in the summer of 1892. The source of supply is a small brook,

a tributary of the Connecticut River from the east, which flows from

the westerly side of the great sandy plain already mentioned. A
dam about 10 feet in height has been constructed across the brook,

forming a small reservoir at a point where the elevation is sufficient

to supply the village by gravity. Distributing mains are of cast-

iron. Service pipes are of galvanized iron and lead.

Chemical Examinatioji of Waterfrom Morion and Cooley Brooks in Chicopee.

[Parts per 100,000.]
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cohasset.
Water Supply of Cohasset. — Cohasset Water Company.

Chemical Examination of Water from the Tabular Wells of the Cohasset Water

Comxtany.

[Parte per 100,000.]
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COHASSET.

resumes its original appearance, free from color and turbidity.

These results of turbidit}^, sediment and color are, therefore, only

of value as showing a condition which the water may assume, and

should not be used for making comparisons between the difterent

samples.

Microscopical Examination of Water from the Tubular Wells of the Cohasset

Water Company.

[Number of organisms per cubic centimeter.]
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DANVERS.
Water Supply of Danvers.

In the act of the legislature giving the town of Danvers the right

to supply itself with water, the town was granted permission to take

its supply from Middleton Pond, in Middleton, and Swan's Pond, in

North Heading. The latter is situated a little less than half a mile

from Middleton Pond and its surface is about twenty-two feet higher.

Water was introduced from Middleton Pond in 1876, but the works

were not extended to Swan's Pond until 1893, when a connection

between the two ponds was made l^y laying a six-inch cast-iron pipe.

Swan's Pond is said to have an area of about forty-five acres.

Water Supply of Dedham. — Dedham Water Company.

Chemical Examination of Water from the Well of the Dedham Water Comjyany.

[Parts per 100,000.]
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DEDHAM.
Chemical Examination of Water from the New Open Tank of the Dedham Water

Comimny, on Federal Hill.

[Parts per 100,000.]
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DEERFIELD.
Deerfield.

Chemical ExaminalioJi of Water from Mill River and Clapp's Trout Brook in

Deerfield and Roaring Brook in Wlialely.

[Parts per 100,000.]
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power, through a new cast-iron force main ten inches in diameter

and one thousand two hundred and tifty feet in length, into the old

system of distributing pipes in the village, the surplus water going

to the distributinoj reservoir on Mt. Tom.
Bassett Brook, above the point of diversion, drains an area of

about 6.9 square miles. In the upper portion of the watershed the

slopes are steep, but in the middle and lower portions the surface is

more nearh' level, and there are considerable areas of flat land in the

vicinity of the stream, some of which are swampy. There are no

ponds or storage reservoirs on the watershed.

Water Supply of North Easton Village District, Easton.

Chemical Examination of Water from the Well of the North Easton Village

District.

[Parts per 100,000.]
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The results found ])y analysis are somewhat remarkable, as they

show that water from flowing wells only a short distance apart

differed very much in quality, some of the water having its origin in

a polluted source, and some of it being the natural water of the

region. This subject is referred to quite fully in the advice of the

Board. It is also worthy of note that there was a difference in

the temperature of the water from wells driven to the same depth,

that from the southerly well having a temperature, April 12, 1893,

of 4(5.5 degrees, from the northerly well, 43 degrees, and from the

middle wells, 48 degrees. The temperature of the water in the

river at the same time was 55 degrees.

The works for taking water from this source were nearly com-

pleted at the end of 1893.

Chemical Examination of Water from Tubtilar Test Wells in the Vicinilij of the

Naskcluckct River, Fairhaven.

[Parts per 100,000.]
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FAIRHAVEX.
Chemical Examination of Wate?' from the Naskeiucket River, Fairhaven.

[Parts per 100,000.]
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FITCnBURG.

Water Supply of Fitchburg.

Chemical Examination of Wale?- from Scolt Reservoir, Fitchburg.

[Parts per 100,000.]
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FITCHBURG.
Microscopical Examination of Waterfrom Scott Bese7'voir, Fiichbwg— Conelnded.

[Number of organisms per cubic centimeter.]

July.

PLANTS — Con.

Cyanoptiycese, Anabtena, .

Algse

SceDedesmuB
Staurastrum, ....

Fungi 1 Crenothrix, .

ANIMALS.
Rhizopoda, Difflugia,

Infusoria,

Dinobryon cases,
Peridiutum, ....

Vermes,

Anurea
Polyarthra, ....

Miscellaneous, Zoogloea,

Total,

1

133

1

132

40

2690

Chemical Examination of Water from Meeting-ho7(se Pond, Westminster.
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FITCHBTJRG.

Microscojncal Examination of Water from Meeting-house Pond, Westminster.

[Number of organisms per cubic centimeter.]
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FRAMrXGIIA:M.

"Watee Supply of Feamixgham.— Feamtngham Water Company.

Chemical Examination of Water from the Filter-gallery of the Fraviingham

Water Company.

[Parts per 100,000.]
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FRAMIXGHAM.
Chemical Examination oj Waterfrom a Faucet in South Framingham, supplied

from the Works of the Framingham Water Company.

[Parts per 100,000.]

Odor of No. 10799, like tar; of the others, none. The samples were collected from a faucet at
the works of the GosBamer Rubber Company, which are located near the end of the distributing system
just south of the Boston and Albany Railroad about a mile west of South Framingham and a little over
two miles from the pumping station by way of the pipe line.

Microscox>ical Examination.
No. 10799, Miscellaneous, Zooglaa, 1120.

No. 11170, Kiingi, Crftifithrix, 78. Miscellaneous, Zo/'igloea, 6. Total, 84.

No. 1147S, Diatomaceaj, Meloaira, 3. Fungi, Crenothrix, 1. Infusoria, Peridinium, 1.

No organiams were found in the remaining samples.
Total, 5.

Chemical Examinatioyi of Water from the Und^rdrain beneath the Sewers at

Framingham,.

[Parts per 100,000.]
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GAEDXER.
Water Supply of Gardner.

Chemical Examination of Water

[Parts per 100,000.]

- Gardner Water Company.

from Crystal Lake, Gardner.
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GARDNER.
Microscoincal Examination of Waterfrom Crystal Lake, Gardner.

[Number of organiBms per cubic centimeter.]
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GRAFTON.

Water Supply of Grafton. Grafton Water Company.

Chemical Examination of Water from the Filter-gallery of the Grafton Water

Company.

[Parts per 100,000.]
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ELANSOX.
Hanson.

Chemical Examination of Water from, Maquam Fond, Hanson.

[PartBper 100,000.]
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havt:rhil,l,.

Chemical Examination of Waterfrom Eenoza Lake, Haverhill.

[Parts per 100,000.]

Appbakance.

1$93*
10030 Feb. 1*5

]
Slight.

105-29 June 19

11216 Oct. i:

Slight.

Slight.

Slight.

Slight,
gray.

Slight.

0.15

0.05

0.08

0.09

Kesidue on
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ILVVERHILL.

Chemical Examination of Water from Lake Pentucket, Haverhill.

[Parts per 100,000.]
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hixgha:m.
Microscopical Examination of Water from Accord Pond, Bingham.

[N'umber of organisms per cubic centimeter.]

September.

Day of examination

Number of sample

PLANTS.
Diatomacese, . . . .

Asterionella
Cyclotella,
Melosira,
Navicula
Synedra
Tabellarla,

Cyanoptiyceee

Anab8eDa
Anabsena spores,
Ctelosphaerium, . . . .

Merismopedia
Microcystis, . . . .

Algge

Nephrocytium, . . . .

Pediastrum, . . . .

Raphidium, . . . .

Scenedesmus, . . . .

Fungi, Crenothrix,

ANIMALS.
Infusoria

Dinobryon cases,
Mouas,
Peridinlum, . . . ,

Vermes,

Anurea,
Polyarthra
Rotifer,

MlacellaneouB, ZoQglcea, .

Total,

24

10158

10

10760

22

11072

20

11516

46

pr.

32
14

pr.

1,886

156

100
56

36

pr.

26

17 2,119 43
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HIXGHAM,
Chemical Examinatioyi of Water frovi Fulling Mill Pond, Hingham.

[Parts per 100,000.]

Ii

APFEARAN'CE.

10157

10547

11073

11515

Av.

1893.
Mar. 22

June 21

Sept. 20

Dec. 18

Distinct.

V. Blight.

Decided.

Slight.

Cons. 0.43

Cons. 0.05

Slight. 0.12

V. slight. 0.30

0.23

Kksidue on
EVAPOBA-

TIOS. '

3.80

4.80

4.80

4.60

1.15

1.40

0.75

2.00
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HINGHAM.
Microscopical Examination of Water from Fnlling Mill Pond, Eiiigham

— Conelncled.

[dumber of organisms per cubic centimeter.]

September. December.

AN^IMALS.

Rhizopoda,

Dactylosphserium,
DiiHugia, .

Infusoria, .

Cryptomonas, .

Dinobryon,
Dinobryon cases,
Gonium, .

Monas,
Peridinium,
Synura, .

Trachelomonas,

Vermes,

An urea, .

Polyarthra,

Crustacea, Cyclops,

233

1

64
4
4
1

158
1

• 02

Miscellaneous, Zoogloea, 66

Total, 673 1,650

Water Supply of Hinsdale Fire District, Hinsdale.

Chemical Examination of Water from the Storage Reservoir of the Hinsdale Fire

District.

[Parts per 100,000.]
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HIXSDALE.
Microscojncal Examination of Water from the Storage Reservoir of the Hinsdale

Fire District.

[Number of organisms per cubic centimeter.]

August.

Day of examination,
i

16

Number of sample
|

10393

PLANTS.
Diatomaceee

Asteriouella,
Fragilaria,
Melosira
Syuedra

Algse,

Artbrodeemus,
Protococcus,
Kaphidium,
Zoospores,

Fungi, Crenothrix,

ANIMALS.
Rhizopoda, Arcella,

Infusoria

Peridinlum,
Trachelomonas,

Vermes,

Anurea,
Rotatorian ova

MUcellnneoHn, Zouglcea,
j

14

Total 114

15

10797

22

11361

22

56

48

1,393 92

Water Supply of Holbrook.

(See Randolph.)
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HOr,YOKE.
Water Supply of Holyoke.

The advice of the State Board of Health to the city of Holyoke,

with regard to an additional water supply, may be found on page 19

of this volume. On pages 168 and 169 will be found analyses of

samples of water collected from various sources examined in connec-

tion with the investigation for this supply.

Chemical Examination of Water from Wliiting Street Storage Reservoir,

Holyoke.

[Parts per 100,000.]

I 1893.
9903 Jan. 18

10146 Mar. 21

104421 May 22

10632 July 10
I

11049 Sept.l9

11363iNov.21

Appearance.

Av.

Distinct.

Slight.

Slight,

Slight.

Decided,
green.

V. slight.

Blight.

Slight.

Blight.

Slight,
green,

Cons.

Slight.

0.30

O.OS

0.20

0.12

0.18

0.20

0.18

Kesidue on
Evapora-

tion.
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irOLYOKE.

Microscopical Examinatioti of Waterfrom Whiting Street Storage Reservoir

,

Holyoke.

[Xumber of organisms per cubic centimeter.]

1893.

Jan. ^larch. May. July. Sept.

Day of examination,

Number of sample, .

PLANTS.
Diatomaceee,

Asterionella,
Fragilarin, ....
Synedra

Cyanophycese, Chroococcus,

Algse

Pandorina
Pediastrum,
Protococcus,
Selenastrura,
Zoospores,....

Fungi, Crenothris,

ANIMALS.
Infusoria, ....

Cryptomonns, .

Dinobryon,
Euglena, ....
Monas
Peridinium,
Tracheloraonas,
Uroglena

Vermes, Polyarthra, .

JfisceUa7ieou9, Zobglcea,

Total

20

9903

23

10146

24

10442

13

10632

20

11049

22

11363

1,464

1,464

24

1,422

42

1,380

782

720
62

196

4
192

168

164

1

3

3

pr.

52 56

169 1,520 1,455 53 1,044
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HOL.TOKE.

Chemical Examination of Water from Wright and Ashley Ponds, Eohjoke.

[Parts per 100,000.]
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IIOLYOKE.

Microscopical Exaviination of Water from Wright and Ashley Ponds, Holyoke.

[Number of organiaras per cubic centiineter.]

May. July. Sept.

Day of exaininatioD,

Number of sample, .

20

9904

23

10145

24

10441

13

10631

20

11048

PLANTS.
Diatomaceee, .

AHtciioiiella,

Cyclotella, .

Diatoma,
Frayilaria, .

MeloBira,
Stej)hanodii)CU8,
Byneiira,
Tubellaria,

.

Cyanoptiycese,

Anabseua, .

Chroococcus,
Microcyetis,

Algee,

Chlorococcus, .

ClOBlerium,
Dictyosphrorlum,
ProtococcuH,
Raphidium,

394

2
4

264
6

14

92
12

pr.
6

pr.

18

pr.
2
12
4
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HOL,TOKE.
Chemical Examination of Water from Various Sources, collected du7'ing an

Investigation for ayi Additional Water Siqiply for Eolyoke.

[Parts per 100,000.]
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HOLYOKE.
Microscopical Examination of Water from Various Sources, collected during an

Investifjation for an Additional Water Supply for Holyoke— Concluded.

[Xuraber of organisms per cubic centimeter.]

Aug. Aug. Ang. Ang. Aug.

PLANTS— Con.

CyanophycesB,

.

Anabrena, .

ChroiJcoccus,
Clathrocystis,
Oscillariu, .

AIg88

Closteriutu,
Conferva, .

Cosniurium,
Pediawtrum,
liaphidium,
8pha-rozo»ma, .

SiauraaCrum,
Zoijspores, .

Fungi

Beggiaioa, .

Creiiothrix,
Molds,

ANIMALS.
Infusoria, ...

Dinobryon,
Peridinium,
Trachelomonas,

Vermes,

Aniirea,
Polyarthra,

JfUcellaneous, Zoogloea,

.

Total,

116

116

2,083

2,080

3

352
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ULDSOX.

of water may be t\)und in the twenty-third annual report of the

State Board of Health, for 1891, pages 645-658.

Chemical Examination of Water from Gates ro7id, Berlin.

[I'arts per 100,000.]
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UUDSOX.
Microscopical Examination of Water frovi Gates Pond, Berlin.

[Xumber of organisms per cubic centimeter.]
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HUDSOX.
Chemical Examination of Water from Faucets in Hudson^ supplied from Gates

Pond.

[Parts per 100,000.]
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HXTDSOX.

Microscopical Examination of Water from Faucetr, in Hudson, supijlied from
Gates Pond— Concluded.

[Xumber of organienis per cubic centimeter.]
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HYDE PARK AND MILTOX.

report of the Board for 1892. The new wells are in parallel lines

on either side of a suction pipe placed approximately at right angles

to the river, their distances from the river varying from sixty-four

to nearly two hundred feet. The new wells are two and a half

inches in diameter and of various depths, ranging from about twenty

to twenty-eight feet. Twelve of the wells nearest the river have

been disconnected, but the remaining wells have been in use since

they were connected with the pump in the summer.

The advice of the State Board of Health to the Hyde Park Water

Company, with reference to the use of water from these wells, may
be found on page 20 of this volume, and analyses of water from

three are given on page 176. The temperatures of the water in

the wells from which these samples were collected differed con-

siderably one from another, and were as follows : of the well nearest

the river (No. 5), forty-nine degrees; of the well near the middle

of the group (No. 14), forty-one degrees; of the well farthest from

the river (No. 36), forty-four degrees.

Chemical Examination of Water from the Tubular Wells of the Hyde Park Water

Comjxcny.

[Parts per 100,000.]
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HYDE PARK AND MILTON.
Chemical Examination of Water from the Tubular Wells of the Hyde Park Water

Company— Concluded.

Averages of Analyses of Previous Years.

[Parle per 100,000.]
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HYDE PARK A>'D MIL,TOX.

Chemical Examination of Water from Faucets in Milton, supplied from the

Works of the Ei/de Park Water Company.

[Parts per 100,000.1
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HYDE PARK AND MILTOX.

Chemical Examinatioii of Water from the Neponset Pdver at Hyde Fark.

[I'aris per 100,000.]

'
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HYDE PARK A>fD 3IILTOX.

Microscopical Examination of Water from the Nepo7iset Biver at Hyde Park.

[Number of organisms per cubic centimeter.]
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IPSWICH,
Ipsavicii.

Chemical Examination of Water from Doiv's Brook and Egypt River, Ipsunch.

[Parts per 100,000.]
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LAKEVII^LE.

Chemical Examination of Water from Great Quiitacas Pond, Lakcville.

[Parts per 100,000.]

Appkakaxce.

1893.
10658 July 12 V. Blight. V. slight,

10707 July 26 V. slight. Slight.
10770 Aug. 9 Distinct. Slight.
10771 Aug. 9 Distinct. Slight.
10947 Aug. 31 Slight. Slight.
10985 Sept. 6 Slight. Slight.

Av.*

0.65
0.60
0.50
0.60
0.55
0.45

Residue on
Evapora-

tion".

3.45
4.05
3.60
3.25
3.40
3.60

1.80
1.80
1.75
1.60
1.65
1.50

3.62 1.70

.0000 .0138 .0120!. 0018

.0006 .0156 .0128 .0028 .47

.0000 .0140 .0122 .OOIS '.53

.0020. 0124 .On9S .0026 [.4S

.0000. 0164 .Ul2r. .00281 .48

.0000 .0172 .0134. 0038 .50

0001 .0152.0126.0026 .49

.0000 .0000

.0000 .0000

.0000 .0000

.0000 .0000

.0001) .OUUO

,5621 0.5
,5032 0.5
,5500 0.6
,5293 O.S
,5253 0.5

.0050 .0000 1.475S 0.6

.0010!. 0000: .5234 0.5

* No. 10771 was omitted in making the average.

Iron, .0021. Odor of Nos. 10707 and 10771, distinctly vegetable; of No. 10947, faintly vegetable; of
the remaining samples, none. The samples were collected from the pond live feet beneath the sur-
face, excepting No. 10771, which was collected 36 feet beneath the surface at a place where the total
depth of the poud was 55 feet. The samples were collected in connectiou with an investigation for an
additional water supply for New Bedford.

Microscopical Examination of Water from Great Quittacas Po?id, Lakeville.

[Number of organisms per cubic centimeter.]

July. July. Aug. Sept. Sept.

Day of examination,

Number of sample

PLANTd.
Diatomaceee, . . . .

Aoterionella
Cyclotella
Diatoma
Melosira,
Synedra
Tabelliiria

Cyanophycese, MeriHmopedia,

AXgse,

I'rolococcuH
RupbiJlum

ANIMALS.
Infusoria,

Dlnijliryon, . . . .

Dinoliryon cases,
MonaH,
Peridlnlum, . . . .

Trachelomonas, . . . .

Vermes,

i'olyarthra, . . . .

liotifcr

JUlnce/lfineoui, Zougl<ea,

Total

15

10658

28

10707

11

10770

11

10771

2

10947 10985

246

164
4

20

5
3
10
1

1

pr.

42

28 26

14 326 147 68
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la'u'rexce.
Water Supply of Lawrence.

As already stated in a previous portion of this report (page 3),

a filter having an area of two and a half acres was constructed by

the city of Lawrence during the past year, at a cost of about sixty-

five thousand dollars, and since its completion in September the

water supplied to the city has been filtered.

The reply of the Board to an application from the city of Law-

rence for information as to the results of the filtration of its water

supply, after the filter had been in use a little more than two months,

may be found on page 22 of this volume.

A more complete description of the filter with a statement of the

results obtained by its use will be found in a subsequent portion of

this report, also additional analyses of the Lawrence water made at

the Lawrence Experiment Station.

Chemical Examination of

opposite the

Water from the Merrimack River above Laivrence,

hitake of the Lawrence Water Works.

Parts per 100,000.]
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LATTREXCE.
Alicroi^cojiical Examination of Water ft'Gm the Merrimack River above Lawrence,

opposite the Intake of the Lawrence Water Works.

[dumber of organisms per cubic centimeter.]
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LAAVREXCE.
Chemical Examination of Water from the Force Main at the Pumping Station

of the Lawrence Water Works.

[Parts per 100,000.]
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LAWREXCE.
Microscopical Examination of Waterfrom the Force Main at the Pumping Station

of the Laivrence Water Woi'ks.

[Xumber of organisms per cubic centimeter.]
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Chemical Examination of Water from the Distributing Reservoir

Water Works.

[Parte per 100,000.]

LAWRENCE.
of the Lawrence
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XAWREXCE.
Microscopical Examination of Water from the Distrihiiling Eeservoir of the

Laivrence Water Works.

[Number of organisms per cubic centimeter.]
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Water Sltply of Leicester.
LEICESTER.

Chemical Examination of Waterfrom the Wells of the Leicester Water Suiiply

DistHct,

[Parts per 100,000.]
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LEOMINSTER.

AVater Supply of Leominster.

Chemical Examination of Water froin Eaynes Beservoir, Leominster.

[Parts per 100,000.]
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LEOMINSTER.
Microscopical Examination of Waterfrom Haynes Reservoir, Leominster.

[Number of organisms per cubic centimeter.]

Jan. I March. May. July. Sept.

Day of examination,

Number of sample, .

24

9909

22

10144

23
j

20

10424 10671

20

11054

21

11351

PLANTS.
Diatomaceee,

Asteriooelln,
Melosira, .

Synedra,
Tabellaria, .

CyanophyceBB,

Anab!Bna, .

Clathrocysiis,
Coelosphierium,

Algse,

ArtlirodeBmus,
PediaBtruni,
Protococcus,
Raphidium,
Scunedesmus,
St;\ura8trura,

Fungi,

Fundus,
Molds,

1,797

740
1

960

474

17
196

1

260

296

28
152
116

149
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L.EOMIXSTER.
Chemical Examination of Water from Morse Beservoir, Leomijister.

[Parts per 100,000.]
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LEOMIXSTER.

Microscoxncal Examiyiation of Water from Morse Reservoir, Leominster

— Concluded.

[Number of organiams per cubic centimeter.]

March. May. July. Sept.

ANIMALS.
Rhizopoda, Actlnophrye

Infusoria, .

Diiiobryoii,

Dinobiyon cases,
PeridlDlum,
Synura,

Vermes, Rotifer, .

3IiHcellaneous, Zooglcea, .

Total,

pr.

588

588
pr.

30 34 52 48

151

Water Supply of Lexington. — Lexington Water Company.

The advice of the State Board of Health to the Lexington Water

Company, with reference to an additional water supply, may be

found on page 23 of this volume.

Chemical Examinatio7i of Water from the Covered Gallery of the Lexiyigton

Water Company.

[Parte per 100,000.]
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L,EXrsrGTOX.

Chemical Examination of Water from Tine Brook, Lexington.

[Parts per 100,000.]
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LOWELL.
Chemical Examination of Waterfrom the Merrimack River above Loivell, opposUe

the Intake of the Lowell Water Works.

[Parte per 100,000.]
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i-o^velj:,.

Microscox)ical Examinalioii of Water from the Merrimack River above Lowell,

opposite the Intake of the Lowell Water Works— Concluded.

[Number of organisms per cubic centimeter.]
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LYNX.
Water Supply of Lynn.

The advice of the State Board of Health to the city of Lynn, with

reference to increasing its water supply by taking water from the

Saugus River and its tributaries, may be found on pages 25-28 of

this report.

Chemical Examiyiation of Waterfrom Breed's Pond, Lynn.

[Tarts per ]00,000.]
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ly:sx,

Microscoincal Examination of Waterfrom Breed's Pond, Lynn.

[Is'unjber of organisms per cubic centimeter.]

Jan. ! Feb. Mar. Apr. May. June. July. Aug. Sept. Oct.

Day of examiaation,

.

Number of sample, .

12 , 11 S

9S66 9996 10093

10

10367 10485 10601 10747 10976

10

11143 11303

8

11461

PLANTS.
Diatomacese,

Asterionella,
Melosira,
Synedra,
Tabellaria, .

Cj'anophyceee, .

Anabcena, .

Clatbrocystis,
Merismopedia, .

Algse,

Raphidium,
Soenedesmus,
Staurastrum,
Tetraspora,
Zoospores, .

Fungi, Glaucothris,

107

12
58
37

22

pr.
18
4

30

2

pr.

112

4
108

113

128

36
16

76

23

370

4

6

360

130

130

93

C80

24

122

120

2

ANIMALS.
Rhizopoda,

Aciinophrys,

Infusoria,

Dinobryon,

.

Dlnobryon cascB,
Glenodinium,
Perldiiiiiim,

TraclicloinonaB, .

Vermes, Anurea,



No. 34.] EXAMINATION OF WATER SUPPLIES. 197

LYNN.
Chemical Examination of Water from Birch Pond, Lynn.

[Parts per 100,000.]
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LTXX.

Microscopical Examination of Water from Birch Fond, Lynn.

[dumber of organisms per cubic centimeter.]
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liYNN.

Chemical Examination of Waterfrovi Walden Pond, Lynn.

[Parte per 100,000.]
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Microscopical Examijiation of Water from Walden Pond, Lynn.

[Xumber of organisms per cubic centimeter.]
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LYXX.
Chemical ExamincUion oj Water from Olen Leicis Pond, Lynn.

[Parts per 100,000.]
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L,\'XX.

Microscopical Examination of Waterfrom Glen Leivis Pond, Lynn.

[Number of organieins per cubic centimeter.]
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Table showing Depth of Water in Feet in the Ponds and Storage Reservoirs of

the Lynn Water Works on the Dates zvhen Samples of Water were collected

for Analysis during the Year IS93.

Breed's Pond.

High Water,
•21.50 Feet.

High Water,
••21.50 Feet.

Walden Pond. iGlen Lewis Pond.

High Water,

17.00 Feet.

High Water,

17.00 Feet.

Jan. 10,

Feb. 9,

Mar. 7,

April 6,

May 8,

June 6,

July 5,

Aug. 8,

Sept. 6,

Oct. 4,

Nov. 7,

Dec. 6,

11.96

12.75

15.13

20.25

21.75

21.08

19.83

17.75

16.71

14.50

10.50

10.67

7.54

8.00

9.67

17.08

22.50

22.58

19.71

15.58

11.88

8.92

7.00

5.67

14.50

12.33

12.38

14.50

16.17

16.83

16.67

16.25

16.00

16.58

15.50

16.92

8.54

6.37

6.40

10.67

15.17

17.33

17.25

17.25

17.13

17.00

17.08

11.13

* The water in these ponds is sometimes raised somewhat above ordinary high water in the latter

part of the spring in order to increase the storage.

Water Supply of Malden, Medford and Melrose.

On Feb. 9, 1893, when Spot Pond had reached a much lower

level than ever before, the State Board of Health addres.sed a

communication to the Water Boards of Maiden, Medford and

Melrose, urging the necessity of taking immediate measures for

increasing the amount of water in the pond, and giving estimates

of the probable condition of the pond on Jan. 1, 1894, under

minimum, average and maximum conditions of rainfall during the

remaining eleven months of the year.

The estimates of the amount of water which would enter the

pond were based upon the yield per square mile of watershed, as

deduced from measurements of the flow from the Sudbury River

watershed during the past eighteen years, and the influence of the

evaporation from the surface of the pond was also included. The

draft from the pond was reckoned at 600,000 gallons per day for

each community, which was about the rate at which water was

being drawn from the pond a few months before. It was urged,

however, in the communication, that this draft from the pond



204 STATE BOARD OF HEALTH. [Pub. Doc.

MAXiDEX, MEDFORD AXD MELROSE.

should be reduced by taking as much water as possible from sup-

plementary sources.

It is gratifying to note that at the end of the year the quantity

drawn from the pond was 119,000,000 gallons (equivalent to a depth

of about 2.5 feet on the pond) less than it would have been if each

of the three communities had continued to draw at the rate of 600,-

000 gallons per day ; the diminished draft being due in part to a

restriction of use and waste, but still more to the amount of water

supplied from supplementary sources throughout the whole year at

Maiden, and during the latter part of the year at Medford and

Melrose.

The yield of the Sudbury River watershed during the eleven

months from Feb. 1, 1893, to the end of the year was very nearly

the same as the average for those months during the preceding

eighteen years, and with average conditions the prediction contained

in the communication indicated that the quantity of water in the

pond would be increased 46,000,000 gallons on Jan. 1, 1894, upon

the assumption that 600,000 gallons per day would be drawn

by each community. To this quantity should be added the 119,-

000,000 gallons due to the smaller draft from the pond, making

165,000,000 gallons as the increased amount that should be in the

pond on this date, according to the prediction.

By consulting the records of the height of the pond, it was found

that it contained 184,000,000 gallons more on Jan. 1, 1894, than

on Feb. 1, 1893, which showed a difference between the predicted

yield in an average year and the actual yield of only 19,000,000

gallons ; by taking into account the slight variation in the yield of

the Sudbury River during these eleven months from the yield during

the same months in an average year a still closer agreement was

found. This is a further confirmation of what has already been

well established, namely, that the capacity of this source may prop-

erly be reckoned upon the basis of the size of its watershed, assum-

ing that the flow from each square mile is the same as from the

watershed of Sudbury River.
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MALDEX, MEDFORD AND MELROSE.

Chemical Examination of Water from S])ot Po7ul, Stoncham.

[Parts per 100,000.]
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MAX,DEX, MEDFORD AXD MELROSE.
Microscopical Examination oj Waterfrom Spot Pond, Stonehain.

[Number of organisms per cubic centimeter.]
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MALDEX.

Water Supply of Malden.

Chemical Examination of Water from Tubular Wells at Webster Park {Eaton's

Meadoivs) , Maldeii.

[Parts per 100,000.]
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MALDEN.
Microscopical Examination oj Waterfrom Tubular Wells at Webster Park {Eaton^s

Meadows') , Maiden.

[Number of organisms per cubic centimeter.]
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marblehead.
Water Supply of Marblehead.

The work.s from which the water supply of Marblehead is drawn

were enlarged in 1892 ])y the addition of a group of five tubular

wells situated about 800 feet south-east of the pumping station.

The depth of the wells varies from 25 to 53 feet. From April until

November, 1893, water from these wells was pumped, by means of

an auxiliary pump, into the large collecting well near the pumping

station. In 1893 a further addition to the works for obtaining a

supply of ground water was made l)y the construction of a small

collecting well about eight feet in depth, near a small pond, and a

short distance from the tubular wells just described. This Avell was

completed a1)out Nov. 1, 1893, and has been connected with the

large collecting well by a siphon.

The driven-well system in the marsh near Loring Avenue has

1)een reconstructed, and during 1893 water has been drawn, when
necessary, from 39 tubular wells in this vicinity. The wat€r of

these wells is affected by their proximity to the sea, and the large

amount of chlorine present at times in the water supplied to the

town is due chiefly to the use of water from this source.

The large collecting well constructed in 1890 continues to be the

chief .source of supply, and at times furnishes all of the water used

by the town.

Chemical Examinalion of Waterfrom the Large Collecting Well of the Marblehead

Water Works.

[Parte per 100,000.]
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MARBLZHEAD.
Chemical Examination of Waterfrom the Small Collecting Well, Marblehead,

[Parts per 100,000.]

Odor, faintly unpleasant, disappearing on heating. The sample was collected from the -well.

Microscopical Examination,

Miscellaneous, Zooglcea, 1,040.

Chemical Examination of Water from Groups of Tubular Wells oj the Marblehead

Water Works.

[Parts per 100,000.]
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MARBLEHEAD.

Chemical Examination of Water from the Wells of the Marblehead Water Works.

[I'iirtB per 100,000.]
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MAKLBOKOUGH,
The reservoir on the brook has a capacity of 500,000 gallons,

which is only enough to supply the pumps for live hours ; conse-

quently, the pumps cannot be operated to advantage except when
there is a large flow in the brook. The pumping station is so

located, however, that when in the future more water is needed it

can be drawn from a large storage reservoir to be formed by build-

ing a dam a short distance below the confluence of Millham Brook
and its northerly branch, which is nearly as large as the main

brook.

The advice of the State Board of Health to the city of Marlbor-

ough with regard to the construction of this reservoir may be found

on page 28 of this volume.

Chemical Examination of Water from Lake Williams, Marlborough.

[Parts per 100,000.]
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MARLBOROUGH.
Microscopical Examination oj Water jrorti Lake Williaiyis, MarlOorough.

[Xiimber of orsjanisras per cubic centimeter.]

1803.

July. September. December.

Day of examination,

Number of sample,....
PLANTS.

Diatomacese, ....
Asterionella, ....
Frngilaria
Tabellaria, ....

CyanophyceSB, Coelospbserium

Algae,

Chlorococcus, ....
Protococcus, ....
Zoospores, ....

ANIMALS.

Infusoria

Cenitiura,
I'eridiniuiu, ....
TracheloraoQas,
Vorticella, ....

Vermes, Anurea,

Miscellaneous, Zoogloea,

Total,

31

10191

3

10582

30

11105

23

11537

124

124
pr.

34 40

Chemical Examination of Water from Millham Brook, Marlborough.

[Parts per 100,000.]
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MAYXARD.
"Water Supply of Maynard.

Chemical Examination of Waterfrom the Maynard Water Works.

[Parts per 100,000.]
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MAYXARD.

Microscopical Examination of Water from the Maynard Water Works

— Concluded.

[Number of organisms per cubic centimeter.]

1893.

February. May. August.

ANIMALS.

Rhizopoda, Actinophrys,

Infusoria, ....
Dinobryon,
Dinobryon cases,

Mouns, ....
Peridiniura,

3
34
pr.

Miscellaneous, Zociglcea
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^rEDFIELD.

the right or easterly bank of Charles River, in the vicinity of the

boundary line between the towns of jNIedfield and Dover, a few of

the wells being in Dover and the remainder in Medtield. The wells

are located at intervals of twenty-five feet near a suction pipe run-

ning approximately parallel to the river, those nearest the river

being distant from it about twenty feet, and those farthest away
about sixty feet. The depth of the wells varies from twenty to

twenty-eight feet and averages twenty-four feet. Pumps force the

water to a covered iron tank twenty feet in diameter and eighty

feet in height, from which water is distributed to the buildings.

Chemical Examination of Water from the Tubular Wells oj the Medfield Insane

Asylum, Medfield.

[Parts per 100,000.] ;
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MEDFORD.
two feet. These are approximately in two parallel lines and the

extreme wells are about three hundred feet apart in an easterly and

westerly direction, and one hundred and sixty feet in a northerly

and southerly direction. As these wells did not furnish as much
water as was desirable, in view of the low level of the water in

Spot Pond, additional works were constructed early in 1894 for

pumping water from the unpolluted upper portion of the brook.

Analyses of water from various sources within the town are given

Ijelow. Further information regarding the water supply of Medford

from Spot Pond maybe found on pages 29-32 and 203, and analyses

of water from the pond may be found on page 205.

Chemical Examination of Waterfrom Tubular Wells tised as an Additional Source

of Water Supiily for Medford.

[Parts per 100,000.]

Odor, none. The samples were collected from a faucet at the temporary pumping station while

pumping.

Microscopical Examination.

An insignificant number of organisms were found in the first and third samples; in the others no

organisms were found.
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MZDFORD.
Chemical Examination of Water from Wells in Medford, collected during an

I7ivestigati07ifor ayi Additional Water Supply.

[Parts per 100,000.]
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MEIiROSE.

In August, 1893, an additional supply of water was introduced

from a system of tubular wells, owned by a private company, and

located in the westerly part of the town, near the boundary line

between Melrose and Stoneham. The works consist of a system of

fifteen two and one-half inch tubular wells varying in depth from

thirty-five to forty-five feet, all located in the vicinity of Spot Pond

Brook, north of Wyoming Avenue. The wells are connected with

a temporary pump, and water is pumped directly into the main pipe

in Wyoming Avenue, which conveys water from Spot Pond to the

town.

Analyses of water from this source and from other sources within

the town are given in the tables below. Further information regard-

ing the water supply of Melrose from Spot Pond may be found on

pages 29-32 and 203, and analyses of water from the pond on page

205.

Chemical Examination of Water from Tubular Wells in

Brook, near Wyoming Avenue, used as an Additional

for Melrose.
[Parts per 100,000.]

the Valley of Spot Pond
Source of Water Supply
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MELROSE.
Chemical Examination of Water from a Group of Five Tubular Test Wells near

Ell Pond, Melrose,

[Parts per 100,000.]



No. 34.] EXAMINATION OF WATER SUPPLIES. 221

MELROSB.
Chemical Examination of Waterfrom Tubular Wells in the vicinity of Spot Pond
Brook, North of Wyoming Avenue, near the Boundary between Melrose and
Stoneham.

[Pane per 100,000.]
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MEXDON.
Mexdox.

The advice of the State Board of Health to the town of Mendon,
with reference to taking a water supply for the town from Mendon
Pond, also known as Xipmuck Pond, may be found on pages 40-41

of this volume.

The advice of the Board to the town of Uxbridge with reference

to the use of this pond as a source of water supply for that town

is given in the annual report for 1892, pages 46-49. For analyses

of samples of water collected from Mendon Pond, see Uxbridge.

Water Supply or Methuen.

The advice of the State Board of Health to the town of Methuen

with reference to obtaining a Avater supply for the town from the

ground in the vicinity of Sargent's Brook, and, subsequently, with

reference to obtaining a water supply from the ground in the vicinity

of the Spicket River near the point where it is joined by the brook

flowing from Harris Pond, may be found on pages 41-42 of this

volume. Works for supplying the town with water from wells in

the vicinity of the Spicket River were begun near the end of 1893.

Chemical Examination of Water from the Sjncket Biver at Mouth of Harris

Pond Brook, and f7'om a Tubular Well in the Vicinity.

[Parts per 100,000.]
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METHUEX.
Chemical Examiiiation of Waterfrom a Brook and Tubular Test Wells in SargenVs

Meadow, Methuen.

[Parts per 100,000.]
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MILLIS.

Water Supply of

Chemical Examinaiion

MiLLis. — MiLLis Water Company.

of Water from the Aqua Bex Sjjring, Millis.

[Parts per 100,000.]
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MILTOX.

Water Supply of Milton. — ^Tiltox Watek Company.

The water supplied by this company to the town is purchased

from the Hyde Park Water Company. A statement in regard to

the supply and analyses of the water may be found on pages

173-176. Analyses of samples of water from Pine Tree Brook,

and from a test well near it, made in connection with an investiga-

tion for a new source of water supply for Milton, arc given below.

Chemical Examination oj Water from Pine Tree Brook, Milton.

[Parts per 100,000.]
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montague.

Water Supply of Tuener's Falls Fire District.— Montague.

Chemical Examination of Water fro'>n Lake Pleasant, Montague.

[Parts per 100,000.]
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MONTAGUE.
Microscopical Examination of Water from Lake Pleasant, Montague.

[Xuinber of organigms per cubic centimeter.]
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XAXTUCKET.

the pond is surrounded. In 1891 the Anabcena gave more serious

trouble than in any previous year, and in order to provide a remedy
in the event of any recurrence of the trouble a filter was con-

structed near the shore of the pond for use at such times. In

1892 the pond was wholly free from these organisms, and there was

no occasion to use the filter ; but in 1893 the organisms reappeared

in great numbers, and the filter was used nearly all of the time from

August 8 to October 18.

A description of the filter and an account of the results obtained

by its use during the period above indicated are contained in a

paper read by Mr. W. F. Codd, superintendent of the works,

before the New England Water Works Association, and many of

the following statements are taken from this paper. The subject is

a particularly interesting one because it is the first attempt to filter

in this manner a water containing large numbers of algoB.

In constructing the filter a water-tight circular basin or reservoir,

sixty-four feet in diameter at the bottom and six feet deep, with

slopes of two horizontal to one vertical, was first made. The bot-

tom of this basin consisted of a layer of puddle, one foot in thick-

ness, and the slopes were formed of the same material. In the

centre a circular brick well was built to collect the filtered water,

15.25 feet in diameter inside and eight feet deep. The bottom of

this well is of concrete and is somewhat lower than the bottom of

the filter. The construction of the filter proper was then begun by

covering the clay bottom with a layer of sand one inch in thickness,

over which was placed a layer of round and broken stones about

two feet in thickness. Imbedded in the layer of stones are four

main lines of twelve-inch vitrified pipe, each having six branches

extending out from each side, desiojned to collect the filtered water

and convey it to the collecting well. Above the layer of stones is

a six-inch layer of gravel, and then a layer of filtering sand from

twelve to sixteen inches in thickness, which was placed in three

layers, each rolled with a stone-roller. AVrought-iron aeration

pipes, perforated with holes, three thirty-seconds of an inch in

diameter and two feet apart, were laid in the bottom of the collect-

ing well and inside of every vitrified pipe under the filter bed, it

being the intention to aerate not only the filtered water but the filter

bed itself.
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The surface of the tilter is level and al)Out five feet above high-

water mark in the pond, so that water has to be pumped upon

it. The pond water is pumped throuah a six-inch pipe which rises

vertically through the filtering material to the surface of the filter,

and the water is kept at a depth of from twelve to eighteen inches

above the surface of the sand. The filter was kept saturated and

covered with water at all times, although, as it was the custom to

pump water upon the filter and draw the filtered water from the

collecting well at the same time, the filtration through the sand took

place only while the pumps were in operation. As a rule air was

forced through the aeration pipes during most of the time when the

pumping was in progress.

The rate of consumption during the summer ranged from 150,000

to 220,000 gallons per day, so that the rate of filtration if it had

l)een continued through the whole twenty-four hours would have

been from 1,420,000 to 2,080,000 gallons per acre per day (1.4 to

2.0 gallons per square foot per hour). The pumps were generally

operated from an hour to an hour and a half at a time, while the

tank was being filled, and then shut down for three or four hours.

Under these circumstances the filtration took place at a much more

rapid rate than is above indicated. It is stated that the filter is

intended to operate at the rate of five gallons per square foot per

hour.

As already indicated, the Anabcena appeared in such numbers in

1893 as to cause complaint from the water consumers, and the

operation of the filter was begun on August 8. At first the results

appeared to be satisfactory, 98 per cent, of the organisms being

removed from the water on August 14, and nearly all of the odor and

color. After twelve days' use, while the filtered water still ap[)eared

to be clear, complaints of the odor of the water began to be made
b}^ the consumers. Two days later it was noticed that a scum had

formed upon the surface of the sand and the filter had become
clogged. This clogging was relieved by raking the surface, and

did not occur again. After twenty-two days' use the odor of the

filtered water was so strong that the use of the filter was discon-

tinued, the water was drawn down and a layer half an inch in doi)lh

was removed from the surface of the filter. The greater part of the

matter removed from the water bv filtration was found within a
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quarter of an inch of the surface. In some places, however, the

sand was stained to a depth of eight or ten inches. It was also

noticed that the air used in aerating the filter had passed up through

the material unevenly and had come to the surface at several places

where little craters were formed. The portion of the aerating pipes

extending beneath the filter bed were accordingly disconnected and

were not used again during the season. The filter was again used

for a few days beginning September 1, but the odor of the filtered

water was so strong that it was again discontinued. Up to this

time light was admitted to the collecting well, but afterward it was

excluded.

It is also to be noted that these unfavorable results were obtained

during the portion of the year when the pond water had a high

temperature, which was increased by the exposure of the water in a

thin layer upon the filter bed and by the warm air pumped in for

aeration from the engine-room. After September 29, when the

temperature of the water was below sixty degrees Fahrenheit, the

filter was operated without any trouble and there was said to be no

odor. On October 18 the filtration was discontinued for the season,

as the Anahoina had disappeared from the pond.

The results of the chemical and microscopical examinations as

given in the following tables show that a very large proportion of

the Anabcena were at all times removed by filtration, but at times

there was a very abundant development of Zoijr/Icea in the filtered

water. For instance, in the sample collected on September 20, when

the unfiltered water contained 508 Anabcena and Anabmna spores

per cubic centimeter, the numljcr in the filtered water was 63. In

the unfiltered water there were no ZoiJgloea and in the filtered water

480. On this date the amount of organic matter as indicated by the

albuminoid ammonia was reduced only about one-fourth, but as a

rule nearly three-fifths of the organic matter was removed by

filtration.
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XAXTUCKET.
Comparisoyi of Examinations of Water from the Wannacomet Water Compajiy''s

Wo7-ks before and after Filtration.

[Note.— Figures in bold-faced type show the results of examinations of water from tLe pond.

Figures in Homan type show results of examinations of the water after passing through

the filter.]

[Parts per 100,000.]

s



232 STATE BOARD OF HEALTH. [Pab. Doc.
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Chemical Examination of Water from Wannacomet Pond, Nantucket.

[Parts per 100,000.]
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NANTUCKET.
Microscopical Examination of Waterfrom Wannacomel Pond, Nantucket.

[Number of organisniB per cubic centimeter.]
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Chemical Examination of Water from Wannacomet Pond after Filtration.

[Parts per 100,000.]
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NATICK.
Water Supply of Natick.

Chemical Examination of Water Jrom Dug Pond, Nalick.

[Parts per 100,000.]
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XATICK.
Microscopical Examination of Waterfrom Dug Pond, Natick.

fNumber of organisms per cubic centimeter.]
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NATICK.

T<zble showing Heights of Water in Dug Pond on Dates when Samples of Water

ivere collected for Analysis.

NoTii. — Hiijh-water mark is 13.0 feet.

Datb.— 1893.
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Water Supply of New Bedford.

Chemical Examtnalion of Waterfrom the Conduit of the Neiu Bedford Water Works.

[Parts per 100,000.]
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NEW BEDFORD.
Microscopical Exuviination of Water from the Conduit of the New Bedford

Water Works.

[Number of orgaiiisras per cubic centimeter.]
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XE\\" BEDFORD.
Microscopical Examination of Waterfrom Little Quittacas Pond, Lakeville.

[Number of organisms per cubic centimeter.]
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newbukyport

.

Water Supply of Newburypout.— Newburyport Water
Company.

The use of water from the Merrimack River ])y the Newburyport

Water Company for the supply of the city was the subject of a com-

munication from the Stale Board of Health* to the company in No-

vember, 1802, pointing out the danger of infection from t^'phoid fever

incurred by the use of this source and advising that a further supply

of pure water be obtained without delay. The continued use of the

river water was the apparent cause of an epidemic of typhoid fever

in Newburyport in January and February, 1893, which led the Board

to send a letter relative to this subject to the mayor of the city early

in March, a copy of which may be found on page 43 of this volume.

The city of Newljuryport sul)sequcntly applied to the State Board

of Health for advice relative to the use of water from the Artichoke

River, either directly or after filtration, for the supply of the city,

and the reply of the Board may be found on page 44.

The Newburyport Water Company increased its ground-water

supply in 1893 by taking the Jackman Spring, so called, and pro-

viding a temporary pump and pipe to pump and convey the water

from this spring to the present works. It also constructed a well

about fifty feet in diameter and fourteen or more feet in depth, a

short distance from its })resent wells, and near the edge of the small

reservoir by the pumping station. The works as enlarged, however,

are not likely to furnish a sufficient supply for the city of Newbury-

port.

It will be noticed by reference to the table of analyses on page

242 that a very uiuisual amount of chlorine was at times present in

the water supplied by the company to the city. This result is due

to the use of water from the Merrimack River which contained a

small amount of sea water.

Analyses of water from the Artichoke River, and from other

sources, examined in connection with the investigation of new sources

of water supply by the city, will be found in tables which follow.

• Report of the State Board of Healtli for the .year 1892, page 37.
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NEWBITRYPORT,
Chemical Examination oj Water from the Small Storage Beservoir of the

Newburyport Water Company.

[Parts per 100,000.]
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NK'WBURYI'OIIT.

Microsaqncal Exmniyialion of Water from a Faucet in Newburyport, supplied

from the Works of the Newburyport Water Company.

[Number of organisms per cubic centimeter.]
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XEVTBURYPORT.
Chemical Examination q/ Water from the Artichoke JRiver in West Newbury.

[Parts per 100,000.]

Iron, of the first sample, .0055; of the second, .0120; of the last two, .0110. Odor of the first two
Bamples, faintly vei^otable ; of the last two, distinctly vesjetable. The (irst two samples were collected
from the Artichoke River, about two miles above its mouth, at the Quaker Church Koad crossine;; the
last two samples fronj the west branch of the Artichoke River at the first road crossing above its junc-
tion with the main stream.

Microscojncal Examination.
The total number of organisms found iu each of these samples was as follows :

—
No. 10265, 42; No. 11407, 3; No. 11389, 12; No. 1146S, 8.

Water Supply of Newton.

Chemical Examination oj Water from a Faucet at the. Newton Water Works

Pumping Station.

[Parts per 100,000.]
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NE^WTOX.

Microscopical Examination of Water from a Faucet at the Neivton Water Works

Pumping Stalion.

[Namber of organismB per cubic centimeter.]
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Microscopical Ezaminatix)n of Water from the Covered Distributing Reservoir of
the Neiuton Water Works.

[Number of organisms per cubic centimeter.]
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NEWTON.
Microscopical Examination of Water from the Main Underdrain of the Hyde

Brook Division of the Netvton Sewerage System.

[Number of organisms per cubic centimeter.]

Day of examination,

Number of sample,

PLANT8.
Diatomaceae,

Molosira,
Synedra,

Algee, Pediastrum,

Fungi,

Crenothrix,
Molds,

Jan. July. July.

14

9S7r,

7

10003

31

10714

pr.

pr.

Aug.

8

10737

Aug. Oct

29

10894

25

11246

1

11563

28

ANIMALS.
Infusoria, Monas
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NEWTON.
Microscopical Examination oj Water from the Main Underdrain of the Cheese-

cake Brook Division of the Neivton Seioerage System.

[Number of organisms per cubic centimeter.]
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NORTIIAMl»TON

.

Water Supply of Northampton.

Chemical Examination oj Water from the Upper and Loiver Storage Reservoirs

of the XorthamjHon Water Works on Roberts'' Meadotv Brook.

[Parts per 100,000.]
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north attleborotjgh.

Water Supply of North Attleborough.

Chemical Examinaiio?i of Wato' from the Well of the North Aitleborotigh Water

Works.

[Parts per 100,000.]
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xorthborougii.

Water Supply of Northborough.

Chemical Examination of Water from the Northborough Water Works.

[Parts per 100,000.]
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NORTHBOROTJGH.
Microscopical Examinatio7i of Water from the Northboroiigh Water Works

— Concluded.

[Number of organisms per cubic centimeter.]

May. September. September. May.

ANIMALS
Rhizopoda, DilUugia,

Infasoria

Peridinium,
Trachelomonas,

Vermes

Anurea
Polyarthra,
Rotatorian ova,

Crustacea

Daphnia, ....
Entomostracan ova, .

Miscellaneous, Zooglcea,

Total, ....

37

26

2,172

Water Supply or North Brookfield.

Description of Works. — The works are owned by the town and

were completed in 1893. The sources of supply are Doane Pond

and North Pond, formerly known as Horse Pond, su[)plemented by

water diverted into it from North Brook. Water is pumped by

water power at a station near Doane Pond to a distributing reservoir

on Bell Hill and thence distributed to the town.

Water can be drawn from either pond, but it is proposed to draw

the supply for domestic use from Doane Pond, using the surplus

water from Doane Pond, in connection with the water from North

Pond, to furnish power for pumping.
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XORTH BROOKFIELD.

The areas of watersheds (including the water surfaces) of sources

controlled by the town, as determined by actual survey, are as

follows :

North Brook, 487.9 acres.

Side Hill Canal from North Brook, 25.0 "

North Pond, 195.6 "

Doane Fond, 899.7 "

Total, 1,608.2 "

The size of the Doane Pond watershed, as given in the tal)le,

includes the whole of Stoddard Brook, which has a watershed of

425.8 acres. Provision has l)een made by which the water of

nearly all of this brook can be turned into North Pond when it is

desirable to do so.

"With the exception of a portion of the watershed of North Brook,

which rises in New Braintree, the watersheds of the sources of

supply are within the limits of North Brookfield.

North Pond has an area of 69.6 acres and a capacity of about

350,000,000 gallons. It has been used for many years as a storage

reservoir to supply power to a mill situated just below Doane Pond.

A new dam six feet higher than the old one has been constructed by

the town about 500 feet down stream from the old dam, thus greatly

increasing the area and storage capacity of the pond. It is said that

the pond is thirty feet deep in some places and may average eigh-

teen feet. The water of North Pond is conveyed to the pumping
station, situated just below Doane Pond, by means of a canal, with-

out passing through Doane Pond.

Doane Pond is an artificial reservoir constructed many years ago

for use as a mill pond. Since its acquisition by the town as a source

of water supply the dam has been raised three feet, increasing its

area to 30.9 acres and its capacity to 53,800,000 gallons.

A filter entirely surrounded by water has been constructed at

Doane Pond near the dam, by buildino; two concentric walls havins:

an annular space five feet wide, filled with gravel, between them.

In the centre is a filtered-water well fifteen feet in diameter and

fifteen feet deep. AVatcr for the supply of the town is drawn from

this well.

The distributing reservoir is rectangular in shape, 159 by 117 feet

at the foot of the slopes and 222 by 180 feet at the top of the slopes
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inside. It is nineteen feet in depth from the top of the embank-

ments and when filled to a depth of fifteen feet will contain about

2,950,000 gallons of water. The slopes are lined with clay puddle

four feet in thickness, covered with a six-inch layer of broken stone,

upon which is laid a stone paving one foot in thickness. The bottom

is covered with broken stone and binding material to a depth of six

inches.

Water enters the reservoir at the bottom on the north side and is

drawn out about one foot from the bottom on the south side. An
arrangement has been made whereby water may be sprayed into the

reservoir from a pipe near its centre. It is intended to pump all

water to the distributing reservoir, but a direct connection has been

made whereby water may be pumped directly to the town in case of

emergency. The distributing mains are of cast-iron.

Chemical Examination of Water from Faucets in North Brookjield, siq^iMed from
the North Brookjield Water Works.

[Parts per 100,000.]
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NORWOOD,
Chemical Examination of Water from Buckmasier Pond, Dedhani.

[Parts per 100,000.]
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NORWOOD.
Microscopical Examination of Water from Bnckmaster Pond, Dedham,

[Number of organisms per cubic centimeter.]
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NORAVOOD.

Chemical Examination of Water from Faucets in Norwood, supplied Jrom
Buckmaster Pond.

[Parte per 100,000.]
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xoKWOon.
Table showing Heights of Water in Buchnaster Pond once each Month in IS93.

[Distance below crest of dam.]

Date.— 1893.

Jan. 1

Feb. 2

Mar. 2

Apr. 3

May 2

June 2,

5.00

4.92

2.46

0.25

0.33

0.08

Date.— 1893.

July 3 I 1.06

Aug. 22
I

2.34

Sept. 1 ' 3.47

Oct. 3

Nov. 1

Dec. 1

4.92

5.50

6.29

Water Supply of Orange.

Description of Works. — Population in 1890, 4,568. The works

are owned by the town, and water was introduced near the end of

1893. A portion of the town had been supplied for a number of

years previous to this time with Avater from small works owned by

the New Home Sewing Machine Company, the supply being partly

from Miller's River and partly from springs. The new sources of

supply are Coolidge Brook and North Pond in the south-westerly

part of Orange.

The new works consist of a collecting reservoir on Coolidge Brook,

a storage reservoir formed by raising North Pond, a second reservoir

on Coolidge Brook, located a little less than a mile below the col-

lecting reservoir, built to furnish power for pumping, and known as

the Greenhalge Reservoir, a pumping station located just below the

Greenhalge Reservoir, a distributing reservoir, and a system of dis-

tributing pipes in the town. North Pond, though situated in a dif-

ferent watershed, lies so near Coolidge Brook and at such an elevation

that it was feasible to use it as a storage reservoir. The surplus

water of the brook is diverted into the pond by gravity through

a pipe leading from the collecting reservoir, and the water of the

pond will flow by gravity into the Greenhalge Reservoir.

The total drainage area of Coolidge Brook and North Pond at the

Greenhalge dam, including water surfaces, is about 2.16 square

miles. It is proposed to take water for domestic purposes from the

collecting!; reservoir on Coolidire Brook whenever it will furnish a

sufficient quantity, because the quality of the water is more satis-
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factory than that from other portions of the works, and to use the

surplus water not needed for the supply of the town to furnish

power for pumping; but an auxiliary steam plant has been provided

at the pumping station for use at times when the supply of water is

insufficient to furnish the power needed.

Coolidge Brook is a small tributary of Miller's River from the south

which joins the river at a point about one and one-half miles below

the village of Orange. The collecting reservoir is located just

above the point where the brook is crossed by the Holshire road,

about one and three-quarters miles from its mouth. The drainage

area of the brook at this point is estimated to be about 1.38 square

miles. The reservoir covers an area of about 0.72 acre, and it is

said to have a capacity of 2,045,000 gallons when tilled to the crest

of the overflow, which is three feet below the top of the dam. The

loam and sub-soil are said to have been removed from all of the area

flowed. The water which passes the overflow is conveyed through

a 48-inch pipe two hundred and fifty feet in length and discharged

into North Pond.

Provision has been made for filtering the water drawn from Cool-

idge Brook for the supply of the town, by constructing on the up-

stream side of the dam a rectangular filter-chamber of rubble masonry,

10 feet long, 7.5 feet wide, and of a height equal to that of the dam.

The filter, which is on the up-stream side, is 5 feet 6 inches in width

and of the same height as the walls of the chamber ; the filtering

materiftl, consisting of sand or gravel, is four feet in thickness, and

is retained between perforated wooden planks lined with copper wire

screens.

It is the intention to have the top of the chamber closed tightly in

order that Avater may be run back through it under pressure so as

to wash the filter. All matter forced out of the filter in this way

will mingle with the water, in the reservoir. A 10-inch waste pipe

is laid beneath the dam to provide for emptying the reservoir when

necessary, and to waste the dirty water at times when the filter is

being cleaned.

North Pond is located at the head of the middle branch of the

Swift River, and originally had an area of about sixty acres. The

area and storage capacity of the pond have been greatly increased

by the construction of two dams, raising the surface of the pond to
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a level ten feet above the former high-water mark. One of the

dams is located at the natural outlet of the pond, and the other at

the northerly end at a low place in the divide between the Swift and

Miller's rivers, over which water would otherwise pass into Coolidge

Brook.

The present area of the pond at high water is 132 acres, and the

increase in its storage capacity, obtained by raising the level ten

feet, is said to amount to 357,000,000 gallons. The drainage area

of the pond, including water surfaces and exclusive of Coolidge

Brook, is estimated to be 0.66 of a square mile. By increasing the

height of the water in the pond, a considerable area of swamp land

has been flooded, which was prepared for flowage only by the removal

of the trees.

Water from North Pond is drawn through a canal, the bottom of

which at its upper end is al)out 11.41 feet below high-water mark,

to Coolidge Brook, and flows in the channel of the brook to the

Greenhalge Reservoir, at a distance of a little less than a mile from

the pond.

Greenhalge Reservoir covers an area of about 1.9 acres and is

said to have a capacity of 1,058,000 gallons. It was originall}''

a

mill pond, and after its purchase by the town was enlarged by the

construction of a new and higher dam.

The pumping station is located in the valley of the brook just

below the Greenhalge Reservoir, and from this point water is pumped

to a distributing reservoir situated on Walnut Hill, about 'a mile

south-west of the village of Orange and between it and the pumping

station.

The distributing reservoir has the form of a rectangle, except

that one end is semi-circular; it is 162 feet 6 inches in length by

no feet in width on the bottom, and 20 feet in depth frojn the top

of the embankment. When filled to high-water mark, which is five

feet below the level of the embankment, it contains 2,125,000 gal-

lons. The slopes are lined with clay puddle four feet in thickness,

covered with a six-inch layer of broken stone, upon which is laid a

stone paving one foot in thickness. The bottom is also of puddle

four feet in thickness, covered with a six-inch layer of broken stone.

Water enters the reservoir through a pipe laid along its bottom,

and is drawn out at the oi)posite end. Provision lias been made
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for shutting off the reservoir from the rest of the system and pump-

ing water directly to the town if necessary. The distributing mains

are of cast iron ; service pipes are of galvanized iron.

Chemical Examination of Water Jrom Coolidge Brook, Orange.

[Parts per 100,000.]

Iron, .0150. Odor, very faintly vegetable

supplied from Coolidge Brook.

Miscellaneous, Zooglcea, 1.

The sample was collected from a faucet in Orange,

Microscopical Examination.

Chemical Examination of Water from North Pond, Orange.

[Parts per 100,000.]
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PALMER.
Water Supply of Palmek Fire District, Palmer. — Palmer

Water Company.

Ch&tnical Examination of Water from the Works of the Palmer Water Company.

[Parts per 100,000.]
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PEMBROIO;.
Microscopical Examination of Water from Little Sandy, Steisoii's, Oldham and

Furnace Ponds and Silver Lake, Pembroke.

[Number of orgaDlems per cubic centimeter.]

May. May. May.

Day of examiuatidn,

.

Number of sample, .

PLANTS.
Diatomaceee,

Asterionella,
Cocconeis, .

Cocconema,
CoscinodiscuB, .

Cyclotella, .

Fragilaria, .

Grammatopiiora,
Melosira,
Nnvicula,
Pleurosigraa,
StephuDodiscus,

.

Synedra,
Tabellana, .

Cyanophyceee, Nostoc,

AlgBS,

Chlorococcua,
Dicty08pha?rium,
Nephrocytium, .

Protococcus,
Scenedesmus,
Staurastrum,
Zoiiepores, .

1

10330

1

10331

1

10335

1

10336

Fungpi, Crenothrix,

110

2

2

2

100
2

295

2

1

292

111 20

5

1

1

1

1

1

7

3

ANIMALS.
Rhizopoda, ActinophryB,

Infusoria,

Dinobryon,

.

Dinobryon cases.
Encysted Protozoa,
Motias,
Peridinlum,

Vermes,

Anurea,
Mouocerca,

Crustacea, Cyclops, .06

Miscellaneous, Zooglcea,

Total,

152

630 179
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Water Supply of Plymouth.

In the early part of 1893 the organism Uroglena, which was

present in considerable numbers in 1892, made its appearance in the

water of Little South Pond, and was very abundant in the first part

of February. It had entirely disappeared by the end of March and

is said not to have been noticed again during the remainder of the

year. A description of this organism, and its eflect upon the taste

and odor of water, was given in the Twenty-third Annual Report of

the State Board of Health, pages 645-658.

Chemical Examination of Water from Little South Pond, Plymouth.

[Parts per 100,000.]
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inside the tank to its top, and is provided with a wide Hange over

which the water falls in a thin sheet. The distributing mains are of

cast iron ; service pipes of wrought iron lined with cement.

Extended references to the character of this water, "svhich differs

from other ground waters in the State, may be found in the annual

report of the State Board of Health for 1892, pages 41-44 and

214-218.

Chemical Examination of Water from the Tubular Wells of the Provincelown

Water Works.

[Parts per 100,000.]

Odor, of No. 11405, faintly vegetable; of the remaining samples none; on heating the odor of all

the samples was faintly vegetable. The samples were collected from a faucet at the pumping station.

Microscoincal Examination of Water from the Tubular Wells of the Provincelown

Water Works.
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Water Supply of Quincy.

Chemical Examinalion of Water from Town Brook Just above the Storage

Reservoir of the Qumcy TT'aic?" Works.

[Parts per 100,000.]
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QUINCY.

Chemical Exammaiion of Waterfrom the Storage Reservoir, Quincti.

[Parts per 100,000.]
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QTJTSCY,

Microscopical Examination of Water from the Storage Bescrvoir, Quincy.

[dumber of organisms per cubic ceutimeter.]
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QurxcY.

Chemical Examinalwn oj Water from the Surface and from near the Bottom of tlie

Quincy Storage Reservoir.

[Parts per 100,000.]



270 STATE BOARD OF HEALTH. [Pul). Doc.

randolph axd holbrook.
Water Supply of Randolph and Holbrook.

Chemical Examination of Waterfrom Oreat Fond in Baiidolph and Braintree.

[Parts per 100,000.]
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READING.

This water otfers ii good instance of the effect of a marshy soil on

the character of the water percolating through it. The organic mat-

ter of the soil consumes the free dissolved oxygen in the water and

reduces the insoluble iron salts to the condition of protoxide, so that

-iron passes into solution in the water. On exposure of the water to the

air the iron is again oxidized, forming first a precipitate which gives the

water a milky appearance and ultimately settles as a rusty sediment.

Conditions in some respects similar to those at Reading are found in

Provincetown, Bradford and Watertown, and were found in the test

wells at Attleborough (see Twenty-third Annual Report, 1891).

The determinations of turbidity and color in waters of this kind

do not have the same signiticauce as in surface waters, but they are,

nevertheless, of interest as showing a condition which the water may

assume, and are therefore given in the table.

Microscopical Examination of Water from the Filter-gallery oj the Reading

Water Works.

[Ifumber of organisms per cubic centimeter.]
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REVERE.

acter of the water is due to the presence of a small amount of sea

water in the water of these wells, which are located only a com-

paratively short distance from salt water.

Chemical Exaviination of Water from the Wells oj the Revere Water Company,

at Revere.

[Parts per 100,000.1
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RE^^SRE.

Microscopical Examination of Waterfrom the Wells of the Revere Water Company,

at Revere— Concluded.

[Number of organisma per cubic centimeter.]
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ROCHESTER.

STATE BOARD OF HEALTH. [Pub. Doc.

Rochester.

Chemical Examination of Wate?' from Snipatuit Pond, Rochester.

[Parts per 100,000.]
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salem axd beverl.t.

Water Supply of Salem and Beverly.

The advice of the State Board of Health to the city of Salem,

with reference to increasing the joint water supply of Salem and

Beverly, by diverting the waters of Longham Meadow Brook and

of the brook flowing from Beaver and Norwood's Ponds into AVen-

ham Lake, may be found on page 47 of this volume. Analyses of

samples of water collected from the proposed sources are given in

the tables on pages 277 and 278.

Chemical Examination of Water from Wenham Lake, in Beverly and Wenham.

[Parts per 100,000.]
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SALEM AXD BEVERIiT.

Microscopical Examination of Waterfrom Wenham Lake, in Beverly and Wenham.

[Number of orgauiams per cubic centimeter.]
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.SALEM AND BEVERLY,

Table .ihoiving Heights of Water in Wenham Lake nt Times ivhen Sam2)les of

Water were collected for Analysis.

[Note.— High- water mark is 30.17 feet.]

Jan. 10

Mar. 9

Apr. 7,

May 8

June 6

July 10,

Height of
Water.

Feet.

20.92

20.96

22.69

23.87

24.67

24.31

Aug. 15,

Sept. 9,

Oct. 4,

Nov. 6,

Dec. 6,

1893.

HfiRht of
Water.

Feet.

23.35

22.77

22.00

21.58

21.33

Chemical Examination of Water from Beaver Pond, Norwood's Pond, and

Longham Meadow Brook, in Beverly,

[Parts per 100,000.]
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SAI.EM AND BEVERL.T.

Microscopical Examination of Water Jrovi Beaver Pond, Norivood's Pond, and

Lo7igham Meadow Brook, in Beverly.

[Number of organisms per cubic centimeter.]

Day of esamiuatioD,

Number of sample, .

3

10072

3

10073

3

10074

17

10132

PLANTS.
DiatomacesB,

Fragilaria,
Navicula,
Synedra,
Tabeilaria,

Cyanophycese, Nostoc spores,

Algse, Zoospores, ...
Fungi,

Begeiatoa, ,

Oladothrix,

pr.
pr.

1

ANIMALS.
Infusoria,

Dinobryon,
Pcridinium,

Miscellaneous, Zobglcca, 2,000 70 180

Total, 2,005 25 197

Water Supply of Saugus.

(See Ly7in.)

*
SCITUATE.

The iidvice of the State Board of Health with reference to taking

a water supply for the village of Scituate Harbor in the town of

Sciluate, from the ground in the vicinity of Satuit Brook, may be

found on page 50 of this volume. An analysis of a sample of water

from the flowing test well, referred to in the communication of the

Board, is given l)olow.
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SCITUATE.
Chemical Exanmiation oj Water from a Tubular Test Well iu ScUuate.

[Parts per 100,000 ]
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SOUTHBRIDGE,

construction of an additional storage reservoir about one mile south

of the present upper reservoir, and as to improving the existing

supply ; also, at a subsequent date, with reference to increasing

its supply by taking water from a proposed storage reservoir on

Hatchet Brook, may be found on pages 51-53 of this volume.

Analyses of samples of water collected from the present sources of

supply and from Hatchet Brook and its tributaries are given in the

following tables.

Chemical Examination of Water from the Lower Reservoir of the Southbridge

Water Company.

[Parts per 100,000.]
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Chemical Examination of Water Jrom Hatchet Brook and one

Southbridge.

[Parts per 100,000.]

SOUTHBRIDGE.
oj its Tributaries in
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SOXTTHBRIDGE.
Chemical Examination of Wate7' from Hatchet Pojicl in Woodstock, Conn., just

South of the Boundary between Massachusetts and Connecticut.

[Parts per 100,000.]
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SPENCER.
Water Supply of Spexcer.

Chemical Exammalion of Water from Shaw Pond, Leicester.

[Parts per 100,000.]
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iPENXER.

Microscopical Examination of Water from Shaw Pond, Leicester— Concluded.

[Kumbcr of organisms per cubic centimeter.]
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SPRINGFIELD.

and a considcrtiljle depth. It has no vlsiMc inlet or outlet and is

supplied with water whieh percolates into it from the sandy territory

by which it is surrounded. The lowering of the water in the pond

by pumping doubtless makes available a considerable quantity of

water stored in the ground about it. Between Aug. 7 and Oct. 28,

1893, a total of 164,000,000 gallons of water were pumped from

this source. An analysis of the water of Chapin Pond is given with

the analyses of samples of water from the other sources of supply

in tiie tables below.

Chemical Examination of Water from the Receiving Basin oj the Springfield

Water Works, at Ludloio,

[Parts per 100,000.]
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SPRINGFIELD.
Microscopical Examination of Water f)'om the Receiving Basin of the Si)ringfield

Water Works, at Ludlow.

[Number of organisms per cubic centimeter.]
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SPRINGFIELD.
Chemical Examination of Water from Ludlow JRescrvoir.

[Parts per 100,000.]
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SPRIXGFrELD.
Microscopical Examination of Water from LucUoiv Reservoir.

[N^limber of orjranisms per cubic centimeter.]
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SPRINGFIELD.

Table showing Ueighls of Walcr i7i Ludlow Reservoir at times ivhen Samples oj

Water were collected for Analysis in 1893.

Note.— Height of rollway, 33 1 feet above bottom of reservoir.
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STOCKBRTDGE,
Microscirpical Examination of Water from Lake Averic, Stoclcbridge.

[Xuraber of organisms pov cubic centimeter.]

May.

Day of examination, . . . .

X"umber of sample

PLANTS.
Diatomaceae, . . . .

Asterionella, . . . .

Frat'ilaria,

Navicula,
Synedra,

Algse, ProtococcuB,

Fungi, Crenothrix,

ANIMALS.
Infusoria,

Pinobryon,
Dinobryon cases,
Peridinium,
Trachclomonas, . . . .

Vermes, Anureai . . . .

Jfiscellaneous, Zooglcea, .

TOTAI,

23

1042.1

532

pr.

104

96

300

200
]00

561 32 406

Water Supply of Stoneiiam.

(See Wakefield.)

Water Supply of Stougtiton.

Deacvlption of Worlcs. — Population in 1890, 4,852. The works

of the StoughtoD Water Company, from which the town was for-

merly supplied, were purchased by the town in June, 1892, and

nyw worics for taking water ll'om another source were completed by

the town in 1893.

The new source of supply is a well located near Muddy Pond
Brook, al)out a quarter of a mile below Muddy Pond and about a

mile and a half in a south-westerly direction from the centre of the

village of Stoughton, supplemented l)y water taken from the brook
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STOUGHTOX.

near the well. The watershed of the brook, above a point opposite

the well, has an area, as measured from the State map, of 1.83

square miles. Of this area, fully one-third contributes to the supply

of Muddy Pond. This portion of the watershed is an elevated and

generally level gravelly tract, which contains a great many depres-

sions from which there is no outlet, and the portion of the rainfall

which is not evaporated sinks into the ground and reappears in and

around Muddy Pond in the form of springs. The remainder of the

watershed drains through Leonard Brook and enters Muddy Pond

Brook a short distance l^elow the pond.

The pond is about three hundred feet in diameter and is surrounded

by swampy land, at the edge of which most of the springs appear.

The well is six feet in diameter and is said to be thirty-nine feet

in depth. It is lined with brick work, the portion near the bottom

being laid without mortar. Just below the well a puddle cut-oil'

wall was constructed across the valley of the brook, two hundred

and forty feet in length and forty feet in depth. The excavation for

this wall is said to have been through six feet of clay, thirty to

thirty-two feet of gravel, and two to four feet of hard pan. On the

upper side of the wall, just above the hard pan, six lines of four-inch

tile pipes were laid to the collecting well. Between the well and

Muddy Pond, at a point five hundred to six hundred feet above

the well, a dam was constructed to flow an area of 34.3 acres

to an elevation about twelve feet above the level of the brook at the

collecting well. The pond and swampy land before mentioned were

included in the area to be flowed. It was thought that this reservoir

would increase the supply from the well, but as it was found upon

trial that it did not, and the water was of such character that it was

not suitable for use if taken directly from the reservoir, it was

abandoned.

From the collecting well a twelve-inch cast-iron pipe, 4,263 feet

in length, conveys the water to a pump well at the pumping station,

which is located on the right or easterly bank of the brook, just

above Central Street. The pipe is turned down at both ends and

was intended to act as a siphon when the water in the collecting well

was lower than the pipe. The pump well is a water-tight wrought

iron tank, six feet in diameter and twenty-six feet in depth, and

from it Avater is pumjied to the town and to the open iron tank for-

merly used in connection with the old source of supply.
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STOUGHTOV.
AVith a view to filtering the water taken from the brook, a small

filter, having an area of about one hundred square feet, was con-

structed near the collecting well. The filter contains five feet in

depth of sand and gravel of various degrees of fineness, the coarser

material being at the bottom of the filter and the finer at the top.

"Water from the brook can be turned upon the filter to a maximum
depth of two feet.

After it was found that the collecting well would not furnish

enough water for the town, application was made to the State Board

of Health for advice relative to takins; a new source or devisino-

some method of obtaining a larger supply from the present plant.

The reply of the Board to this application may be found on page 55

of this volume.

Chemical Examination of Waterfrom the Stoughton Water Works.

[Parts per 100,000.]
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SWAMPSCOTT AND XAHANT.
Chemical Examinalion of Water from the Wells of the Marblehead Water Com-

pany, Swampscolt.

[Parts per 100,000.]
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TAUXTOX.
Water Supply of Tauntox.

"Works were nearly completed during the past year for taking an

additional suppl}^ of water for the city of Taunton from Elder's and

Assawompsett ponds in Lakeville. The design of the new works

was governed to a large extent by a desire to utilize the more valu-

able features of the existing works, consisting of a pumping station,

in which a new pump had recently been placed, on the bank of the

7'aunton River, above Taunton, and a filter-basin near the river.

The direct-pumping system is used in supph^ing the city.

The principal features of the new works are a thirty-inch cast-

iron pipe about seven miles long for conveying the water by gravity

from Elder's Pond to the old pumping station, and a new pumping

station and a twenty-four-inch cast-iron force main nearly 6,000 feet

in length for lifting and conveying water from Assawompsett Pond

into Elder's Pond.

Elder's Pond has an area of 145 acres, a maximum depth of 54.5

feet, and a practically unpopulated, sandy watershed of 195 acres,

exclusive of the pond. Its surface is about eighty-six feet above

high tide at Taunton, seventy-two feet above the sill of the old

pumping station, and thirty-five feet higher than Assawompsett

Pond.

Assawompsett Pond, with the exception of the "VVatuppa lakes the

largest body of fresh water in the State, has an area of 2,091 acres,

and is the lowest of a chain of ponds comprising also Long, Great

Quittacas and Elder's Pond. The total area of the four ponds is

5,652 acres. The area of the watershed above the outlet of Assa-

wompsett Pond, exclusive of the water surfaces of the ponds, is 39.8

square miles.

The water of Assawompsett Pond ranks next to that of Elder's

Pond in quality, and the arrangement of the works by which this

water would be turned into Elder's Pond before being sent to the

city is thought to insure its improvement, both by mingling with the

better water in Elder's Pond and by the opportunity afforded it for

bleaching while stored in this pond. A suggestion with regard to

the further improvement of the water of Assawompsett Pond by

lilteiing it through the natural ground before it entered Elder's

Pond is contained in the advice of the Board to the city of Taunton

relative to these sources of additional supply, which may be found

in the annual report of the State Board of Health for 1891 (page 32).
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TAUXTOX.

Provision has been made at the pumping station for conveying

the water of Elder's Pond directly to the pumps, to the filtcr-l):isin

or to the old twenty-inch force main leading to the city. By means

of the connection last mentioned water could be supplied under a

light pressure to portions of the city by gravity in the event of any

accident to the pumps. A twenty-inch blow-off discharging into

the Taunton River has also been provided.

When the new works are put in operation the use of the Taunton

River as a source of supply will be discontinued, although water

may still l>c drawn from the filter-basin. It is proposed, however,

to retain the pipe connecting with the river for use in cases of

emergency.

Chemical Examinalioti of Water from the Filler-Basin of Iht Tainilon Water

Works.

[Parts per 100,000.]
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TAVXTOX.
Microscopical Examination oj Waterfrom the Filter-Basin of the Taunton Water

Works.

[Number of organisms per cubic centimeter.]
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TAUNTOX.
Chemical Examination of Waterfrom the Taunton River at Taunton— Conchuled.

Averages of Analyses of Previous Years.
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TAUXTOX.
Chemical Examination of Water from Eldefs Pond, Lakcville.

[Parts per 100,000.]
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UXBRIDGE.
page 39 of this volume, and on page 4G of the annual report of the

Board for 1892.

Analyses of samples of water from these sources are given in the

following tables.

Chemical Examincdion of Waterfrom Cold Spring and Seagrave Brooks, Uxbridge.

[PartB per 100,000.]
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I XBRIDGE.

Microscopical ExaTuination of Water from Mendon Pond, Mendon.

[Number of organisms per cubic centimeter.]
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UXBRIDGE.

Chemical Examination of Water from Meadoiu Brook, Mendon.

[Parte per 100,000.]
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W'AKKFIELD AXD STOXEHAM,
The advice of the Board to the city of Lynn with reference to

taking an additional supply of water from the valley of the Saugus

River and its tributaries, may be found on page 25.

Chemical Examination of Water from Crystal Lake, Wakefield.

[P.irts per 100,000.]
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"WAKEFIEL-D AXD STOXEIIAM.

Microscopical Exaniinatioii of Water from Crystal Lake, Wakefidd.

[N'umbcr of organisniB per cubic centimeter.]

Feb. April. Aug.

Day of esaminatioD,

Number of sample,

PLANTS.
Diatomacese,

.

Asterlonelin, .

Cyclotcll.1,

Piutoma, .

Frugilaria,
M.-lor-ira, .

Synedra, .

Tabellaria,

Cyanophyceee,

Anabfena,
Anabfcaa Bpores,
Chroococcus, .

ClathrocystiB, .

Microcyetid,

Alg^se

Pandorina,
ProtococcuB, .

Sceneclcsraua, .

Fungrij Crenothris,

ANIMALS
Hhizopoda, Arcella,

Infusoria, .

Dlnobryon,
Dlnobryon cases, .

KuglenH, .

Peridinium,
Synura, .

TrachelomOD'as,

iflacellaneotis, Zooglosa,

Total, .

15

10007

14

10250

15

10518

19

10864

17

11199

13

11479

19

11507

1,199

44

34
1

1,120

104

28
20

2S
28

124

124

514

64
38
12

30
30

342

275

68
28

25

132

53
47

32

pr.

52 20 26 28

52 86 1,323 579 279 132

Walpole.

The advice of the State Board of Health to the town of AValpolc

with reference to taking a water supi)iy from the ground near the

Neponset River, or tributaries thereof, within the limits of the town,

may be found on page HO of this volume. Analyses of samples of

water collected from tubular test wells near the Xeponsct River arc

siven in the followinir table.
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"SVALPOLE.

Chemical Examination of Water from Tubular Test Wells near the Ncponset

Biver, in Walpole.

[Parts per 100,000.]
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Chemical Examination of Water from the Well and

Water Works.

[ParU per 100,000.]

%VALTIIAM.
Filter-Basin of the Wultham
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WALTHAM.
Microscopical Examinalion of Water from the Well and Filter-Basin of the

Walthani Water Works.

[Xumber of organisms per cubic centimeter.]



No. 34.] EXAMINATION OF WATER SUPPLIES. 507

Chemical Examiiialion of Water from the Distributing

Water Works.

[Parts per 100,000.]

VVALTHAM.
Beservoir of the Wultham
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^VALTHAM.
Microscopical Examination of Water from the Distributing Beservoir of the

Waltham Water Works.

[Number of organisms per cubic centimeter.]
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WALTHAM.
Microscopical Examination of Water from the Distributing Ecservoir of the

Waltham Water Works— Concluded.

[Number of orgauisraB per cuLic centimeter.]
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WARE.
Chemical Exmnination of Water from the Well of the Ware Water Works.

[Parts per 100,000.]
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watertowx and belmoxt.

Water Supply of Watertown and Belmont— Watektown
Water Supply Company.

The Watertown Water Supply Company made extended investi-

gations in 1893 with reference to obtaining an additional supply of

water from the ground in the vicinity of its pumping station and

examined other sources. The company also made an application to

the State Board of Health for its advice relative to the improvement

of its suppl}", and many of the analyses given in the following tables

were made during the investigations of the Board, but at the end

of the year the matter was still under consideration.

The investigations showed that the water collected by the original

filter-gallery and by a system of tubular wells northwesterly from

the pumping station was nearly the same in character as during the

earlier years of the operation of the works, but water collected from

the ground in an easterly direction from the pumping station has to

a greater or less degree the usual characteristics of a water contain-

ing iron. The most successful results were obtained from some six-

inch wells located about 950 feet southeast of the pumping station,

and about forty feet from the river. A temporary pump was con-

nected with these wells in the summer of 1893, and during the

summer and autumn a material addition to the water supply was

obtained from this source. The last three an:ilyses in the table on

page 314 are of samples of water from these wells. It is probable

that most of the water which they supplied came by filtration from

the river, and although it contained iron and manganese and did not

show the high degree of chemical purification which water attains

when it filters a suflScient distance through the ground under favor-

able circumstances, it was rendered very nearly pure, bactcrially,

by the filtration.

The table on page 315 contains the analyses of water from two
deep tubular wells, one located near the pumping station, and the

other in the centre of the main village of Watertown. Neither of

these deep wells furnished any large quantity of water nor was the

quality of the water satisfactory, and no part of the water supply

of the town is now taken from them.
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'^ATERTOWX AND BEIiMOXT.
Chemical Exaviinalioii of Water from a Faucet in the Pumping Station

Watertow7i Wat»r Siq^iily Company,

[Parts per 100,000.]

of the
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"WATERTOTTN AXD BELMONT.

Microscopical Examination of Water from a Faucet in the Pumping Station of the

Waterlown Water Supptly Company,

[Number of orgaDiams per cubic centimeter.]
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VTATERTOTTX AND BELMONT.

Microscopical Examination of VTnter from a Faucet in Waiertown, supplied from
the Works of the Watcrtown Water Suj^j^ly Company.

[Number of organiains per cubic centimeter.]
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WATERTOWX AND BELMONT.

Microscopical Examination.

No. 10418. DIatomaccsB, MeloHira, 3; Tabellaria, 1. Fungi, Crenothrix, 34. Mlscellaaeous,

Zooglma, 24. Total, 63.

No. 10067. Fungi, Crenothrix, 10. Miscellaneous, Zoogloea, 2. Total, 12.

No organisms were found in the rcnaainlng samples.

Bacterial Examination.

Three samples of water collected on June 30 from the two-inch flowing well from which Nos. 10418

and lO.O.iO were collected, contained an average of five bacteria per cubic centimeter, the highest num-

ber found being seven and the lowest two.

Three samples of water collected on July 17 from the si.xinch tubular wells contained an average

of four bacteria per cubic centimeter.

'I'hese wells were examined again on October 23, two samples being collected, each of which con-

tained four bacteria per cubic centimeter.

Chemical Examination of Water from Deep Tubular Wells in Waterloivn.

[Parts per 100,000.]
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WEBSTER.

but with an interior lining of brick masonry twelve inches in thick-

ness. The ground about the well is two or three feet higher than

the water in the lake. The well is covered by a conical roof to

exclude the light. Water is pumped from the well to the town and

to an open iron tank thirty feet in diameter and 100 feet in height.

Distributing mains are of cast-iron ; service pipes are of wrought

iron lined with cement.

The advice of the State Board of Health to the town of Webster

with regard to taking a water supply from this source may be found

on page G2 of this volume.

Chemical Examinalion of Water from a Tubular Test Well in Webster,

[Parts per 100,000.]
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WESTBOROUGU .

Water SurrLY of Westborougii.

The advice of the State Board of Health to the town of West-

borough, with reference to increasing the supply of filtered water

from the Lower Sandra Basin by facilitating the filtration of water

from the Upper Basin into it through the intervening ground may
be found on page 63 of this volume.

Water SurrLY of Westborougii Insane Hospital, West-
borough.

Chemical Examination of Water from the Tubular Wells at the Westborough

Insane Hospital.

[Parts per 100,000.1



318 STATE BOARD OF HEALTH. [Pub. Doc.

TTESTFIELD.

Water Supply of Westfield.

Chemical Examination of Water from the Storage Reservoir of the Westfield Water

WorkSy on Moose Meadow Brook, Montgomery.

[Parts per 100,000.]
"
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"WESTFIELD.

Microscojncal Examination of Water from the Distributing Reservoir oj the

Westfield Water Works.

[N'umber of organisms per cubic centimeter.]

June. September.

Day of examination,

Number of sample, . . . .

PLANTS.
Diatoraacese, . . . .

At'torionclla, . . . .

Diatorau
Epitliemia
Navicula,
Pinnularia
Synedra,
Tabellaria,

Al^ee,

Arlhrodesraus, . . . .

Chlorococcus
Protocdccus, . . . .

Btnuraslrum, . . . .

Zoospores,

Fungi, Crenotljrix,

ANIMALS.
Infusoria

Dinobryon cases,
Peridinium,
Traclielomouas, . . . .

Miscellaneous, Zoogloea,

Total,

27

10564 10943

2S

11261

182

2

Pr.
pr.
14

126

20 64 112

64

241 158 121
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WESTFIELD.

Chemical Examination of Water from a Faucet in Westfield, stipjilicd from the

West/ield Water Works.

[Parts per 100,000.]
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west sprin'gfiei^d.

"Water Supply of West Springfield.

The town of West Springfield extended its works in 1893 with a

view to supplying water to the village of Mittineague, which is sit-

uated at too great an elevation to be supplied with water from the

existing works. The new source of supply is a well twenty-five

feet in diameter and fourteen feet deep, located at the Craig Spring,

a short distance below the storage reservoir. The well is supplied

in part l)y the numerous springs in its vicinity, the water of which

is collected I)y means of small pipes into a main pipe which carries

it to a settling well and thence to the main well. Water is pumped

from this well by means of a windmill to a tank at Mittineague.

The advice of the State Board of Health to the town of West

Springfield relative to an additional water supply for the town may

be found on page (i5.

Chemical Examination of Waier from Various Sources, collected during an

Investigation for an Additional Water Supply for West Springfield.

[Parts per 100,000.]
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"^VEST SPKINGFIELD.

Microscopical Examination of Water from Various Sources collected during an
Investigation for an Additional Water Sujyply for West Springfield.

[N'umber of organisms per cubic centimeter.]

Miiy. May. May. May. May. May.

Day of examiDation,

Number of sample, .

PLANTS
Diatomacese, .

Ast(-rionella,
Cocconema,
Cyclotella, .

Cymbella, .

Diatoma,
Fragilaria, .

Mflosira,
Meridion, .

Naviciila, .

Stauroneis, .

Synedra,
Tabellaria, .

Algse, Staurastrura,

Fungi, ...
Crenotbrix,
Molds,

Miscellaneous, Zobgloea,

Total,

18

10403

18

10400

18

10401

18

10402

18

10404

25

10443

1

pr.
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"WEYMOUTH.

Chemical Examination of Waterfrom Faucets in Weymouth, etc.— Concluded.

Averages of Analyses of Previous Years.

[Parts per 100,000.]



324 STATE BOAED OF HEALTH. [Pub. Doc.

TTBrrTMAN".

Chemical Examination of Water from the Filter-Gallery of the Whitman Water

Works— Concluded,

Averages of Analyses of Previous Years.

[Parts per 100,000.]
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WHITMAN'.

Chemical Examination of Water Jroin HoharCs Pond, Whitman.

[Parte per 100,000.]
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WHITMAX.
Microscopical Examination of Waterfrom HobarVs Pond— Concluded.

[Xuraber of organisms per cubic centimeter.]

March. I June. September

ANIMALS.
Rhizopoda

Actinophrys
DitUugia

Infusoria

Dinobryon cases,
Peridinium, . . . .

Trachi-lomonas, . . . .

Vermes,

Anurea,
Rotifer cases, ....

Miscellaneous, Zoogloea, .

Total,

56

140

Water Supply of Winchester.

Chemical Examination of Water from the North Reservoir of the Winchester

Water Works.

[Parts per 100,000.]



No. 34.] EXAMINATION OF WATER SUPPLIES. 327

WINCHESTER.

Chemical Exuminalion of Water from the North Beservoir of the Winchester

Water Works— Concluded.

Averages of Analyses of Previous Years.

[Parts per 100,000.]
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TTIXCETESTER.

Microscopical Examination of Water from the North Reservoir of the Winchester

Water Works— Concluded.

[Number of organlBms per cubic centimeter.]

May. Sept.

AXMALS.
Rhizopoda, Actlnophry

Infusoria, .

Dinobryon,
Dlnobryon cases,
Peridiniura,
Tracljeloraonas,
Vorlicella, .

Vermes, Rotifer,

Crustacea, Cyclops, .

Miscellaneous, . ,

Acariua, . . .

Zooglcea, .

Total,

92

66
2

15
pr.

9

1,149

1,120
1

28

1,327 5,967 1,254

Chemical Examination of Water from (he South Reservoir of the Winchester

Water Works.

[Parts per 100,000.]



No. 34.] exa:^iixatiox of water supplies. 129

'WIXCnESTER.

Microscopical Examinaiion of Water from the So?Uh Reservoir of the Winchester

Water WorJcs.

[Number of organisms per cubic centimeter.]

May. July. Sept

Day of cxamloaiion,

Number of sample,

.

5

9852

4

10052

11

10623

g

10981

PLANTS.
Diatomaceae, .

Asterioiiflla,

Cyclotella, .

Meloxira,
Slephanodiscus,
Syiudra,
Tabellaria,

,

CyanophyceEe, .

Anabeenn, .

Anab.'iiia spores,
t'lathrocyslis, .

Microcyolia,
Oscitlaria, .

Alg88, ....
Chlorococcue, .

OlOBleritiin,

I'rolococcus,

ANIMALS.
Infusoria, .

Dead infusoria, .

Dinobryon,
DinobryoD cases,
Euglcna,
I'eridiriium,

Trachi'lomonaB,
Vorticclhi, .

Vermes,

Auurca,
Monoccrca,
Uotatorian ova, .

bacculuB, .

524

pr.
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"WOBUHX,

Water Supply of Woburn.

Chemical Examvialion of Water from the Filler-Oallery of the Woburn Water

Works.

[Parts per 100,000.]
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"VVOBURX.

Chemical Exammation of Water from Horn Pond, Wohitrn,

[Parts per 100,000.]
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TTOBt'KX.

Microscopical Examination of Water f7-of)i Horn Pond, Wohurn.

[Xumber of orgaoisms per cubic centimeter.]
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"worcester,

Water Supply of Worcester.

During the past year the raising of the dam of the Holden

storage reservoir has been completed and the capacity of the reser-

voir increased by nearly 300,000,000 gallons. The work consisted

of strengthening the dam on the lower side by widening its base and

increasing its height to a level of ten feet above the old dam, allow-

ing the latter to form a berme in the completed structure. The area

of the reservoir is now 149.5 acres, and its capacity 742,000,000

gallons. Its greatest depth is 30.1 feet and its average depth about

lo.2 feet. The area newly flowed has been prepared by removing

the trees and bushes and much other objectionable material, and by

covering the swampy places with gravel.

Leicester ScrrLv Chemical Examviation of Water from the Lj/nde Brook

Storaye Reservoir.

[Parts per 100,000.]
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"WORCESTER.

Microscopical Examination of Water from the Lynde Brook Storage Reservoir.

[Number of orgauisms per cubic centimeter.]
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WORCESTEK.

HOLUEN Sltpi'LY— Chcmical Examination of Water from the Talnuck Brook

Storage Reservoir.

[Tarts per 100,000.]
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WORCESTER.

Microscopical Examination of Water from the Talmick Brook Storage Bescrvoir.

[Number of organisms per cubic ceutimeter.]
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AVORCESTER.

Chemical Exammalion of Water from nermUage Pond, Worcester.

[Parts per 100,003.]
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EXAMINATION OF RIVERS.

During the year 1893 regular monthly examinations were made

of the waters of the Blackstone, Merrimack, Nashua (below Fitch-

})urg), Neponset, Housatonic and Taunton rivers, and during the

latter portion of the year, in connection with the investigations

I'or a metropolitan water supply, of the Charles at South Natick,

Deerfield, Nashua (above Clinton), and its tributaries, the Quine-

poxet and Stillwater, Shawsheen and Ware rivers. A special

examination has al^o been made of the tidal portion of the Charles

River, which is a repetition of the examination of this stream made

in 189.-5, and occasional examinations of other rivers in the State.

Most of the results of these examinations will be found arranged

alphabetically by rivers in the pages which follow; but some of

them are given on preceding pages in connection with the examina-

tions of water supplies, under the names of the towns where the

samples were collected, as follows :
—

rAGF,

Town River (a tributai-y of flie Taunton) at Rridgewater, . . 125

Neponset River at Ilydo Park, 177

Rlerriniack River at Lawrence, 181

Merrimack River at Lowell, 193

Taunton River at Taunton, 2i)6

Blackstone River.

The character of the water of the Blackstone River is closely

related to the disposal of the sewage of the city of Worcester, and

it is therefore of interest to note that during 1893 the capacity of

the precipitation works for treating the sewage of this city has l)een

greatly increased by the construction of new precipitation tanks and

other additions to the works, which were used for the first time on

July 15. A full description of the works as originally constructed,

and the results of a special examination of the works and the river

during one week in 1891, can be found in the annual report of the

State Board of Health for that year (pages 207-295).
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BL.ACKSTOXE RIVER.

Six precipitation tanks were constructed at first, and ten new
tanks of the same area as the old ones were added in 181'3. The

new tanks, however, are longer and narrower than the others, their

dimensions being 166,67 feet long, 40 feet wide and 5 feet deep

below the bottom of the inlet and outlet channels. When in opera-

tion the tanks are filled to a depth of about six and a half feet, and

with this depth they contain about 5,000,000 gallons of sewage.

For the information of those who are not familiar with the pre-

vious history of these works it may be stated that the sewage of

"Worcester is not taken directly from the sewers to the precipitation

works, but is first discharged into Mill Brook ; and it is the mingled

sewage and brook water which is conveyed to the precipitation

works and treated. Before the recent enlargement of the works

only a small part of the flow of this brook could be treated, and the

remainder of the sewage went directly into the Blackstone River

;

but the new works, which are said to have a nominal capacity of

15,000,000 gallons per day, and to be capable of treating with very

good results a somewhat larger quantity, are thought to be of suffi-

cient capacity to take the whole flow of the brook under all ordinary

conditions.

The Worcester sewage is unusual in its character, both on account

of its dilution by the brook water and because of the large amount

of iron salts (mainly sul[)hate of iron) Avhich it receives from time

to time every working day from the large iron and wire works in

the city. Lime has been the only precipitant added to the sewage

in 18i»3, and when iron is present in the sewage a satisfactory pre-

cipitation results. The sewage, however, contains iron only a part

of the time, and it is therefore the custom to store the sewage con-

taining iron in two of the old precipitation tanks so that it can be

used to mingle with the sewage subsequently arriving and containing

no iron, and in this way form a satisfactory precipitate at all times.

Owing to the increase in the quantity of sewage treated it has

been necessary to increase the capacity of the tanks in which the

chemicals are mixed, and the old mixers have therefore been re-

placed by two now iron-lined mixers, each sixteen feet long, eight

feet wide and three and a half feet deep. Lime is turned into the

mixers from the floor above, and the mixture with water is accom-

plished by means of compressed air discharged through perforated

pipes in the bottoms of the mixers. The lime mixture is conveyed
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through six-inch iron pipes to the sewer at a point ninety feet above

the screens, instead of being discharged as formerly below the

screens. This change was made in order to insure a more thorough

mixing of the lime with the sewage previous to subsidence. The

amount of lime necessary to make the sewage alkaline is determined

by frequent tests with phenolphthalein.

The continuous process of precipitation is used, the sewage flow-

ins: throuirh the different tanks in order, and the elHuent being

discharged continuously from the last one. The fall of the effluent is

utilized, by means of a turbine wheel, to furnish power at night for

lighting the works by electricity, and in the day time for pumping

the sludge by means of a Shone ejector to sludge beds located near

the Blackstone River. These beds at the present time cover an area

of about fourteen acres. During 1893 nearly all of the sludge was

disposed of to farmers for use as a fertilizer.

During the year ending Nov. 30, 1893, 1,795,000,000 gallons of

sewage were treated and 1 ,105 tons of lime were used, making the

amount of lime 1,232 pounds per million gallons of sewage. The

amount of solid matter removed from the water during the year

amounted to 2,360 tons.

The "Worcester precipitation works have always been very intelli-

gently operated under the direction of skilled chemists and engineers,

and the following quotations from the annual report of the superin-

tendent of sewers for the year ending Nov. 30, 1893, will be of

interest as indicating the manner in which the work is carried on

and the results obtained in the treatment of sewage since the works

have been enlarged.

"From the first day tlie plant was operated, June 25, l-SOO, continued

experiments have been made ; at first, these were wholly mechanical and

at random, but it was soon found that a systematic study of the whole

problem must be made if the work was to be successful. Accordingly a

well-equipped chemical laboratory has been provided and the problems met

in actual manipulation are made subjects for special investigation. That

this move has been productive of good is shown by the reduction of from

thirty to fifty per cent, in the cost of chemicals used per million gallons of

sewage treated.

Analyses of sewage and effluent are made dally. The samples for analy-

sis are each composed of twenty-four portions taken hourly. Thus, by

averaging results for several days, an elUuent is obtained corresponding to
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the sewage, and the per cent, of impurity removed is easily calculated.

This per cent, removed is the indicator -which sho^YS the etliciency of the

treatment.

Eecords of all analyses are kept in two forms ; one simply the numerical

tabulation, the other, a graphical illustration showing at a glance the con-

stitution of the sewage and effluent, as well as the per cent, removed.

It will be noticed from accompanying table A, that the sewage dealt

with is remarkabl}^ strong, considering that about half of it is water coming

directly from North Pond. It is also interesting to note that the effluent

contains only two and one-half parts per 100,000 of matter in suspen-

sion, and that, of this, only one and one-tenth parts are organic matter.

Thus, by treatment, the organic suspended matter has been removed to the

extent of 90.76 per cent. The total dissolved residue and the total and

dissolved fixed residue are negative results, undoubtedly due to the large

quantity of lime retained in solution in the effluent. From table A the

result of the treatment of the sewage since July 15 can be followed by

months, and the averages are given for the whole period."

"As the total volatile residue, the total albuminoid ammonia and the total

oxygen consumed represent the amount of organic matter, these only are

shown here

:

Total volatile residue, 51.06 per cent, removed.

Total albuminoid ammonia, . . . . 49.19 " " •'

Total oxygen consumed, .... 33.27 " " "

The work done, as shown by these results, is vei'y good, and should

fully carry out the object of the plant, viz., not to transform sewage into

a potable water, but to abate and finally terminate a nuisance to neighbor-

ing villages along the Blackstone River."

The results in 1893 are hardly as good as those ol)tained during

the Bi)ecial examination for a week in 1891, but the diflcrence is not

very great, and the amount of chemicals used per million gallons

during this year has been much less than during the week referred to.

The regular monthly examinations of the water of the Blackstone

River have been continued as in previous years, and the results

are given in the tables on pages 346-351. The first two tables

contain, respectively, the results for each calendar year and for the

six months of each year from June to November, from the time

when the examinations were first begun in June, 1887, to the end

of 1893.



Xo. 34.] EXa:\iixation of rivers. 345

8 o



346 STATE BOAKD OF HEALTH. [Pub. Doc.

blackstone river.

Averages of Chemical Analyses of Watek from the Blackstone Riyeu
FOR THE Years 1888 to 1893, inclusive.

Blacksione Eiver between Mill Brook Chaniiel and the Seivage Precipitation Wo7'ks.

[Parts per 100,000.]
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blackstone rta'^er.

Averages of Chemical Akat.yses of Water from the Blackstone Rjveu
FOR Six Months from June to November, inclusive, of Each Year
FROM 1887 to 1893.

Blackstone liiver beliueen Mill Brook Channel and Ihe Sewage Precipilalion Works.

[Parte per lOO.OOO.J
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BI.ACKSTONE KIVER.

Chemical Examination of Water from Blackstone River between

[Parts per 100,000.]
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BLACKSTONE RIVER.

Mill Brook Channel and the Worcester Sewage Precipitation Works.

[Parts per 100,000.]
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BLACKSTOXE EI^^:R.

Chemical Examination of Water from Blackstone Eiver at Uxhridge.

[Parts per 100,000.]
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BLACK.STOXE Iim:R.

Chemical Examination of Water from Blackstone River at Millville, Blackslonc.

[Tarts per 100,000.]
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CHARLES KIVER.

Chemical Examinalion of Water from the Charles River at South Natick.

[Parts per 100,000.]
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CHARLES RIVER.

Microscopical Examination of Water from the Charles River at u£t?ia Mtlls,

Watertown.

[Number of organisms per cubic centimeter.]
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CHARLES RIVER.

Chemical Examinalion of Water from Charles Biver about

below Galen Street Bridge, Waiertowii.

[Parts per 100,000.]

Tloo Thousand Feet
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CHAULES RIVER.

Microscopical Examination of WcUer from Charles River, elc.— Concluded.

[Kutnber of organisms per cubic centimeter.]
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CHARLES RIVER.

(Jliemical Examination of Water from the Tidal Portion of Charles Biver at

Various Points, during Low Water of Neap Tides, Aug. 17, 1S93.

[Parts per 100,000.]

Deerfield River.

Chemical Examination of Waterfrom the Deerfield River above Shclhurne Falls.

[Parts per 100,000.]
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nOUSATOXIC RIVER.

HousATONic River.

Regular monthly examinations of the water of this river were

made from March to the end of the year with a view to determining

the extent to which the river is polluted by the sewage of the city

of Pittsfield and other places upon its watershed. The samples

Avere collected at New Lenox, which is distant about 3.9 miles

by the river below the place where the sewage of Pittsfield is dis-

charged into the stream. The drainage area of the river at New
Lenox is 145.6 square miles, and the population on this area, by

the census of 1800, was 23,300, equivalent to a population of 160

per square mile. Of the total population, 17,281 were in the city

of Pittsfield.

Chemical Examinalion of Water from the TTousatonic River al Xcir Lenox.

[Parts per 100,000.]
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HOI7SATONIC RIVER,

Microscopical Examination of Water from the Housatonic River at New Lenox.

[Number of organisms per cubic centimeter.]

Apr. June. July. July. Aug. Sept. Oct.

Day of examination,

Number of eample,

28 28

PLANTS.
Diatomace^,

Astorionella,
Fragilaria,
Melosira,
Navicula,
Synedra,

Algae,

Protococcus,
Zoospores,

Fungi,

Crenotliris,
Molds, .

pr.

137

1

i
pr.
132

24 340

340

40 160

160

32 106

106
pr.

ANIMALS.
Rhizopoda, Difllugia,

Infusoria,

Ciliated infusorian,
Dinobryon, .

Euglena,
Monas, .

Paramscciiim,
I'eridiiiiiim, .

Tiulinnidlum,

1

pr.

pr.

12

3

Miscellaneous, Zooglcca, 80 78 112 48 BO 14 108 124

TOTAt, 300 394 171 168 35 129 147

Merrimack River.

The u.su.'il monthly oxaminations of tho water of this river opposite

the intakes of the Lowell and the Lawrence Water Works have been

continued during 1893, the detailed results of which may be found

on pages 181 and 193 of this volume. A comparison of the analyses

made at these two places during the year is given in the following

table :
—
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MERRIMACK RIVER.

Tabic comparinr/ the Analyses above Lowell with those above Lawrence, 1893.

[Parts per 100,000.]
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NASHUA RIVER.

Nashua River.

Chemical Examination of Water from the North Branch of the Nashua Biver,

bcloiu Fitchhurg.

[Parts per 100,000.]
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NASrrCTA RIVER.

Microscopical Examination of Waterfrom the North Branch of the Nashua River,

below Filchburg— Concluded.

[Number of organisms per cubic centimeter.]
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NASHUA RIVER.

Chemical Examination of Water Jrom the Quinejioxet JSive?- in Eolden.

[Parts per 100,000.]
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QUINEBAUG KIVJER.

QuiNEBADG River.

Chemical Examination of Water from the Quinebaug River at Southbridge.

[Parts per 100,000.]
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SHATTSHEEX RIVER.

Chemical Examination of Water from the Shawsheen Eiver al Wilmington.

[Parte per 100,000.]
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STONY BROOK.

Stony Brook.

Chemical Examinatio7i of Water from Stony Brook at Inlet to the Xeio Conduit

at Roxbiiry.

[Parta per 100,000.]
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TAUNTOX RIVER.

Microscopical Examiymtion of Water from the Mill Biver at Taunton.

[Xumber of organisms per cubic centimeter
]

July. Sept.

Day of esaminatiOQ

Number of sample, . . . •

PLANTS.
Diatomacese, . . . .

Fraeilaria
Synedni
Tabellaria,

Cyanophyceae, Oscillaria,

Algae, Protococcus,

Fungi, Crenothris,

ANIMALS
Rhizopoda, Areella, .

Infusoria,

Encysted Protozoa,
Euglena
Monas,
Peridinium,
Vorticella

Vermes, Rotifer

JWiscellaneouB, Zooglcea, .

Total

26

10693

31

10913 110S8

5

3

164

1

320

920 108 1,000

1,0U 1,325

Ware River.

Chemical Examinatioji of Water from Ware Biver at Cold Brook Station, Barrc.

[Parts per 100,000 ]
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SUJIMARY OF WATER SUPPLY STATISTICS.

At the end of 1.S93 the Stiite contuiucd 30 cities and 322 towns.

The towns of Medfoid and Everett became cities on Jan. 2, 1893,

thus causinfj the chanoje in the number of cities and towns since the

previous year.

A public water supply was introduced durins: this year for the

first time into the towns of Chester, North Brookfield and Province-

town, increasing the number of phices supplied to 146. lu addition

to the new supplies for the places named above, new sources have

been substituted for old ones in Attleborough, Chicopee, Easthamp-

ton. Orange and Taunton. In many other places additional works

of less importance have been constructed to increase the capacity

of the sources of supply.

It has been found by experience that there is unusual danger

Avhen Avater is taken directly from a running stream into which

sewage is discharged, and it is therefore worthy of note that of the

works constructed during the year those at Taunton, Chicopee and

Orange were built for the purpose of al)andoning the use of polluted

streams as sources of supply, while at Lawrence, although the Mer-

rimack River is still used as a source, the whole of the water used is

filtered through a filter havins: an area of tw'o and one-half acres to

remove the disease germs which may be in the river water.

At Lowell new works for taking water from the ground have been

constructed, which furnish a portion of the supply of the city, but

the greater portion still comes from the Merrimack River.

The following table gives a classification, by population, of cities

and towns having and not having public water supplies Dec. 31,

1893. The populations are taken from the census of 1890 :
—

rOPULATIOK

(18U0}.

Under 500,

500-1,000,
1,000-1 ,r.iio,

1,.wo -2,000,
2,000-2,StiO,

2,500-3,000,
3,000-3,500,

3,500-4,000,
4,000-4,500,

Above 4,500,

Totals,

Number of
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From the totals given in the table it will be seen that, although

but forty-one per cent, of the cities and towns in the State have a

public water supply, yet the total population of places supplied

represents 87.1 per cent, of the whole population of the State. In

this estimate of the total population of municipalities supplied all of

the inhabitants in them are included, and it consequently includes

rather more than the actual number of persons to whom a public

water suppl}^ is available ; the difference, however, is not large.

There are now but 6 towns having, by the census of 1890, a popu-

lation exceeding 4,000, which are not provided with a public water

supply. These are given in the following table :
—

Towss.
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arbitrary manner l)y adding three-fifths of the increase in population

from \b65 to 1890 to tiic population as determined by the census

taken in the latter year. The daily consumption per inhahitani,

obtained by dividing the average daily consumption by the total

population of the city or town in 1893, is less than the amount per

consumer, because there are some in all cities and towns who do not

upe the public water supi)ly. This difference between the number

of inhal)itants and consumers accounts, to a large extent, for the low

rate, per inhabitant, in some towns where works have been in oper-

ation only a short time, and in consequence water has not been gen-

erally introduced; also, in towns where there are villages to which

the public water supply has not been extended; but, after making

all due allowance for the varying proportion of water takers, there

is still a very great diflerence in the amount of water used per per-

son in dilferent places, which it is very difficult to account for.

Statistics relating to the Consumption of Water in Various Cities and Towiis.
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Rainfall.

The rainfall for the year 1893 was 0.56 inches in excess of the

normal, but was very unevenly distributed. The greatest excess of

rainfall occurred in February, May and December, while there was

a deficiency in all the summer and autumn months with the exception

of August, in which there was a slight excess. The effect of the

distribution was to cause a very high flow in the streams in the

spring months and a very low flow in the summer and autumn.

The average annual rainfall * in Massachusetts, as deduced from

long-continued obj«ervations in various parts of the State, is 45.14

inches. In the following table is given the normal rainfall for each

month in the year, the rainfall for each month in 1893 and the

departures from the normal, f
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Daily Bain/all in Inches at Nine Places in Massachusetts, Geographically selected.

January, 1893. Febraary, 1893.

DAT
OF

Month.
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Daily Rainfall in Inches at Nine Places in Massachuseils, Oeographicallii selected

— Continued.
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Daily Rainfall in Inches at Nine Places in Massachusetts, Geographically selected

— Continued.

3Iay, IH93. Jnne, 1893.

Day
OF

Month.
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Daily Rainfall in Inches at Xine Places in MassacJmsctls, Geographically selected

— Continued.

July, 1893. Angrnst, 1893.

DAT
OF

Month.



No. 34.] WATER SUPPLY STATISTICS. 377

Daily Rainfall in Inches at Nine Places in Massachusetts, Geographically selected

— Continued.
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Daily Bainfall in Inches at Nine Places in Massachusetts^ Geographically selected

— Concluded.

November, 1893. December, 1893.

<
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Flow of Streams.

The flow of the streams of the State during the year 1893, as

indicated by the flow of Sudbury River, was a ver}' little less than

the average for the past nineteen years, I)ut the distribution was very

uneven. The flow was above the average in ]\Iarch, April and May,

in the latter month l)eing nearly twice as great as that recorded in

the same month for any previous year, but in all the remaining

months the flow was below the average, and from June to November,

inclusive, was the smallest since 1887.

The ertect of this distribution of the flow was the opposite of that

of the previous year. In 1893 the drought was felt most by the

cities and towns deriving their supply from large watersheds, with

comparatively small storage, from which water usually runs to waste

in the spring ; while those communities taking their supply from

large ponds fed by comparatively small Avatersheds experienced no

unusual inconvenience, owing to the large amount of water collected

during the spring months.

In order to show the relation between the flow of the Sudbury

River during each month of 1893 and the normal flow of the same

river, as deduced from fifteen years' observations from 1879 to 1893,

inclusive, the following talkie has been prepared. The area of the

watershed of the Sudbury River above the point of measurement is

75.2 square miles.

Table showing (he Average Monthly Flow of Sudbury Eiver for (he Year 1S93,
in Cnbic Fce( jKr Second per Square Mile of Drainage Area, also Depardircs

from (he Normal Flow.

MOXTII.

KoBMAL Flow.

Cubic Keet per
Second per
Square Mile.

ACTi-Ai, Flow
IN iw»:j.

Cubic Feet per
Second per
Square Mile.

Excess ok I>e-
ficiksct.

Cubic Keet per
Second per
Square Slile.

January,
February,
March, .

April, .

May,
June,
July,
August. .

September,
October, .

November,
December,

Average,

2.115
3.190
4.159
2.951
1.807
0.736
0.279
0.430
0.432
0.7'tO

1.119
1.4-2-2

0.670
2.386
6.021
3.288
4.461
0.6S0
0.245
0.279
0.16S
0.343
0.493
1.233

—1.445
—0.804
-fO.S62
+0.337
-1-2.654

—0.056
—o.o;>4

—0.151
—0.264
—0.447
—0.626—0.1R9

l.Gll 1.604 —0.007
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The next table shows the weekly fluctuations, during 1893, in the

flow of the two streams most carefully measured, namely, the Sud-

bury and the Merrimack. The flow of these streams, particularly

the Sudbury, will serve to indicate the condition of other streams in

eastern Massachusetts.

Table showing the Average Weekly Floiv of the Sudbury and Merrimack Rivers, in

Cubic Feet per Second per Square Mile of Drainage Area,for the Year 1S93.
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In the annual report of the State Board of Health for the year

1890 (pages 338 to 340) a table was printed giving records of the

rainfall upon the Sudbury River watershed, and its yield, expressed

in inches in depth upon the watershed (inches of rainfall collected),

for the sixteen years from 1875 to 1890 inclusive. The correspond-

ing records for the years 1891 and 1892, as taken from the annual

reports of the Boston Water Board, were given in the annual report

for 1892. In the following table is given the record for 1893,

together with the average of the records for the whole nineteen

years.

Rainfall Received and Collected on the Sudbury River Watershed.

MOXTH.

1803.

January, ....
February, ...
Miircb

April

May

June

July

August

September

October,

November, . . . ,

December

Totals akd Avebaoes,

2.925

8.195

3.670

3.605

6.610

2.380

2.570

5.415

1.735

4.065

2.195

4.860

Rainfall Per Cent

Collected. I Collected.

0.773

2.485

5.789

3.668

5.143

0.759

0.282

0.322

0.187

0.395

0.550

1.421

48.225 21.774

26.44

30.32

157.74

101.75

77.81

31.88

10.96

5.95

10.75

9.72

25.07

29.23

Mean for 19 Ykara,
1875-1893.

Rainfall

Collected.

4.351

4.292

4.603

3.235

8.445

2.933

3.723

4.327

3.088

4.193

4.042

3.633

45.15 45.915

2.227

3.184

5.133

3.540

2.125

0.848

0.333

0.523

0.436

0.909

1.485

1.811

22.554

Per Cent.

Collected.

51.18

74.18

111.51

109.43

61.68

28.43

8.94

12.09

14.12

21.68

36.74

49.85

49.12

The Sudbury River records are particularly valuable as a basis for

estimating the yield of other watersheds in iSfassachusetts, both on

account of the accuracy with which the measurements have been

made during the whole nineteen years, and the al>seuce of abnormal

conditions which would unfavorably affect the results. It is there-

fore thought advisable to publish in the following table those por-

tions of the records relating to the yield of this watershed for each

of the nineteen years ; and in doing so the flow from the watershed

is expressed in gallons per day per square mile, instead of inches in

depth of rainfall collected, in order to render the table more con-

venient for use in estimating the probable yield of watersheds used

as sources of water supply.
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Yield of the Sudbury Biver Watershed* in Gallons Per Day Per Square Mile.

MONTH.
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ON THE AMOUNT AND CHARACTER OF ORGANIC MATTER IN

SOILS AND ITS BEARING ON THE STORAGE OF

WATER IN RESERVOIRS.

By Thomas M. Drown, M. D., Chemist of the Board.

Many statements have been made in previous reports of the Board,

concerning the injurious eflect on impounded water of the organic

matter in the bottoms and sides of reservoirs, and great stress has

been laid on the importance of removing all vegetation, as well as

the upper layers of the soil, before filling a new basin with water.*

In order to determine in any case just how far it is necessary to

go in the removal of the surface soil, a knowledge of the composition

of the soil, based on chemical analysis, is a much surer guide than

the unaided eye. It is not merely a question of the effective clean-

ing of the bottom and sides of the reservoir, but also of avoiding the

expense involved in stripping the soil to a greater depth than is

necessary. In connection with the investigations of the State Board

of Plealth relative to a water supply for the city of Boston and its

suburbs, surveys have been made for an immense storage reservoir

on the south branch of the Nashua River above Clinton, and it was

thought desirable that a thorough knowledge of the character of the

soil should be obtained as a basis for determining the amount which

it would be necessary to remove to obtain a clean bottom and sides

practically free from organic matter. Samples of soils, representing

sections of the ground to a depth of three feet, were taken at nine

places in Clinton, Sterling, West Boylston, and Boylston, and in

one case at the bottom of a mill pond.

Each of these nine sections were divided into six or seven samples

for analysis, the upper portion being divided into thin layers of two

to three inches, the lower portions, with less organic matter, into

layers of six inches to one foot in depth.

• Compare special report upon the examination of water supplies, 1890, pages 748, 772,

773; report for 1891, page 381.
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The amount of organic matter in these samples was determined

(after careful drjnng to a constant weight at 100° C.) by heating

the samples to a bright red heat. The loss on ignition thus obtained

represents approximately the organic matter in the samples. But

in order to get a better knowledge of the character of this organic

matter, the amounts of carbon and of nitrogen were also determined

in each sample— the former by combustion in ox3^gen, the latter by

the Kjeldahl method. In series 9 and 10, the amount of hydrogen

was also determined.*

Owing to the heterogeneous character of many of the samples,

composed often of a mixture of soil, roots and large stones, it is

sometimes extremely difficult to get a sample for analysis that shall

fairly represent the layer in question. Perhaps some of the apparent

irregularities in the results may be due to this cause. But though

this difficulty is inherent in the investigation it is not believed to

seriouslj' affect the results, or the conclusions drawn from them.

The results obtained in the analyses of the nine sections of soil,

and the deposit from the bottom of the mill pond, are given in the

accompanying tables. The largest amount of organic matter found

was from a swamp at the head of Boylston Mill Pond (Series 7),

and the next largest in amount from the hillside near the site of the

proposed dam (Series 4). The other series, from very dissimilar

ground, did not differ very widely in the amount of organic matter

present, although they included both unwooded and uncultivated

land and wooded and manured pasture land. But in all the series

there is usually a rapid falling off in the amount of the organic

matter below a depth of nine to eleven inches. At the depth of

three feet the amount of organic matter, as shown by the loss on

ignition, in no case reaches two per cent., and in the majority of the

cases it is below one per cent. The mud taken from the bottom of

the Mill Pond at different points contained very variable amounts of

organic matter, from almost nothing at one place in the shallow por-

tion to nearly 15 per cent, in the deeper portion.

It was thought that the relation of the amount of nitrogen to the

amount of carbon in the organic matter might throw some light on

its character and its likelihood to undergo decomposition. This

relation is given to the column headed
Jj.

The only series in which

the nitrogen ratio is noticeably higher than the rest is No. 5, from

• All the analyses in this investigation were made by Miss Elizabeth Mason.
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low pasture land. Series Nos. 4 and 6, both from hillsides, show a

noticeably high carbon ratio, and the others are not very dissimilar

in their proportion of carbon to nitrogen.

An attempt was made to imitate the conditions which would ob-

tain if the reservoir should be filled with water without removing

the soil, in order to determine what would be the effect of each of

the soils examined on water in contact with it. It is obvious that

no laboratory experiment could exactly reproduce the conditions

which would exist in a reservoir. Thus it would not be easy to

imitate the period of long stagnation of the water during the sum-

mer, when the deeper layers of the water are in contact with the

soil, without an opportunity to get a fresh supply of oxygen from the

air. Still it was thought that some idea of the effect of the different

soils on the water could be obtained by treating the samples with

water for a definite time, and then examining the solutions thus ob-

tained with respect to the character of the organic matter dissolved.

In order to hasten the action of the water on the soils, it was heated

to 65"^ C, and the time of contact at this temperature was six hours.

The waters were then filtered and the filtrate examined by the usual

methods used in the sanitary analysis of water. After standing one

week the waters were again tested for free ammonia, to ascertain the

amount of decomposition which had gone on in this time, thus ob-

taining information as to the character of the organic matter dis-

solved. The actual amounts of organic matter found in these solutions,

as indicated by the albuminoid ammonia and oxygen consumed, are

not especially significant, since they would probably have been very

different if another temperature or a greater or less time of treat-

ment had been adopted. But a comparison of the amounts dissolved

from the soils in each series, and a comparison of the series with each

other, yield information as to the relative facility with which each of

the samples examined give up organic matter to water with which it

comes in contact.

In the various experiments tried the proportion of soil to water

dillered, and in some cases distilled water was used and in others

Cochituate water. But in the tables the results of series 1 to 8

have been calculated to represent the effect of the treatment of 100

grams of soil with two litres of pure water at G5' C. for six hours.

In series 9 and 10 no heat was employed. In these experiments 250

grams of each sample were placed in a bottle with two litres of pure

distilled water. After one week, one litre of this water was filtered
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ofl" and analyzed, and at the end of the second week the remaining

water was examined.

In comparing these tables of anal3'ses of the waters with the

corresponding tables giving the percentage determinations of loss on

ignition, carbon and nitrogen, a general agreement will be noticed
;

that is to say, the samples containing the most organic matter

give, as a rule, the most concentrated solutions of organic matter.

But the analyses do not indicate more than a very general corre-

spondence of this kind. It will also be noted that the amount of

decomposition going on in these solutions, indicated by the increase

of free ammonia on standing one week, is, in general, also proportional

to the amount of organic matter present. The most notable increase

in the free ammonia is generally in the solutions prepared from the

surface samples. In solutions from the deeper samples there is

generally a decrease of free ammonia indicating doubtless its oxida-

tion to nitrates. The samples from the bottom of the Mill Pond

(series 8) give solutions which have little or no tendency to develop

free ammonia. This might be expected from the fact that the or-

ganic matter they contain has long been in contact with water.

The effect of the soil on the color of water is given both for color-

less distilled water, and for Cochituate water having an original

color of about 0.55 on the scale used in the analyses of the State

Board of Health. In these color determinations the water was not

heated, and the length of time of contact with the soil was about

18 hours. It will be noticed that in some cases the deeper samples

actually diminished the color of the Cochituate water.

As a preliminary conclusion, based on the facts determined in this

investigation, it may be said that the effect of the organic matter in

these various soils on the water in contact with them is simply a

question of its amount, and that its origin and composition seem

to be without marked influence. The watershed from which the

sam[)lcs were taken is very sparsely populated, and the organic

matter in all cases is mainly of vegetable origin.

It is probable, therefore, that we need only concern ourselves with

the amount of organic matter in a soil of this character in determin-

ing the necessity of its removal, and as a provisional standard we

may perhaps fix 1.5 to 2 per cent, of organic matter, as determined by

the loss on ignition of the sample dried at 100° C, as the permissible

limit of organic matter that may bo allowed to remain on the bottom

and sides of a reservoir.
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Series 1.

From a Cornfield One-quarter Mile below Clarendon Mills, West Boylston. Ctilii-

valed Fertilized Ground in Bottoms. Samples taken from Surface to Three

Feet bcloio Surface. All Samples dried at 100^ C.



390 STATE BOAED OF HEALTH. [Pub. Doc.

Seeies 2.

From a very Steep Slope One-quarter Mile beloiu Clarendon Mill.i, West Boylslon.

Not wooded or cultivated. Samples taken from Surface to Three Feet below

Surfice. All Samples dried at 100°C.
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Series 3.

From Pasture Land One Mile North of South Clinton Station. Sandy and Gravelly

and Nearly Level. Samples takenfrom Surface to Three Feet below Surface.

All Samiiles dried at 100° C.
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Series 4.

From a very Steep, Clayey Hillside near Site of Proposed Dam. Samples taken

jrom Surface to Tliree Feet below Surface. All Samples dried at 100°C.
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Series 5.

From Level Pasture Land yiear River, Ealf a Mile East of Boylston Station. Silt

Formation. Samples taken from Stirface to Three Feel Six Inches below

Surface. All Samples dried at 100° C.
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Series 6.

Frovi TJiree-qum-iers of a Mile West of Boyhton Centre oji Wooded Hillside East of

Mudd)j Brook. Samples taken from Surface to Three Feet below Surface. All

Samples dried al 100° C.
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Series 7.

From Swamp at Head of Boylston Millpond, about Three-quarters oj a Mile above

Boylston Station, Samples taken from Surface to Three Feet Three Indies

below Surface. All Samples dried at 100^ C.
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Series 8.

From Bottom of Oakdale MiUpond from DejJihs of Three to Twelve Feet. All

Samples dried at 100" C.
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Sekies 9.

From Pasture Land about One and One-quarter Miles below West Boylstoyi, on

South Side of Railroad, tvkich had never been cultivated. Samples taken

from Surface to Twenty Inches beloiv Surface. Samples dried at 100° 0.
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Seeies 10.

From Lafid recently cleared of Good-sized Timber and never cultivated, about

Midway between Boylsloji and South Clinton, South Side of Valley. Samples

taken from Surface to Two Feet Six Inches below. Dried at 100° C.
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EXPERIMENTS UPON THE PURIFICATION OF SEWAGE AND
WATER AT THE LAWRENCE EXPERIMENT STATION.*

By George W. Fuller, Biologist in Charge.

The year 1893 is the sixth that the experimental work of the Law-
rence Experiment Station has been continued. The work is carried

on under the general supervision of Hiram F. Mills, A.M., C.E., a

member of the State Board of Health. ]Mr. Allen Hazen, chemist,

was in direct charge of the station until March 1, 1893, when he was

given a leave of absence and accepted the position of chemist to the

Department of Water Supply and Sewerage of the World's Columbian

Exposition. The writer, who had previously been in charge of the

biological department, succeeded Mr. Hazen in charge of the station.

Mr. Harry W. Clark is chemist, and Mr. F. L. Fales has compiled

the records and prepared the tables showing the results of the work.

Messrs. W. R. Copelaud and Louis Weinberg are assistant biologists

and Mr. F. B. Forbes is assistant chemist. Professors T. M. Drown
and W. T. Sedgwick of the ]Massachusetts Institute of Technology

are, respectively, consulting chemist and biologist, having a general

oversight of the chemical and biological investigations.

The year has been an important one in the history of the experi-

mental sewage filters, in that the results of earlier investigations

have been confirmed and additional knowledge has been obtained as

to the management necessary to maintain the continuous eflSciency

of such filters.

The process of purification of sewage by intermittent filtration

consists of intermingling the sewage in the pores of the filtering

material with sufficient air, for a suflScicnt time, in the presence of

micro-organisms which quickly establish themselves there.

• A full account of the work done at tlie Lawrence Experiment Station for tlie years 1888 and
1889 is contained in a Special Report of the State Board of Health upon the Purification of Sew-

age and Water, 1890. A similar account for tlie years IS'.iO and 1891 is contained in the Twenty-

third Annual Report of the Hoard for the year 1891, and for the year 1892 in the Twenty-fourtb

Annual Report of the Board for that year.
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Sewage filters resemble complex living organisms, in that venti-

lation and respiration must be maintained, otherwise their functions

are interrupted and their lives as filters come to an end.

When sewage passes through a filter a portion of the insoluble

matter or sludge is deposited upon or near the surface. The result,

eventually, unless preventive measures are adopted, is a clogging at

the surface, which, owing to interrupted ventilation, causes a deteri-

oration in the quality of the effluent, and subsequently, owing to the

increased capillary attraction and frictional resistance to the passage

of sewage, a reduction in the quantitative efficiency of the filter.

The amount of sludge in sewage varies, but, unless care is taken,

any sewage will in time clog any ordinary filter. In the Annual
Report of the Board for 1892 it was stated that when other conditions

are the same, the clogging is proportional to the sludge carried in

the applied sewage. It is of importance therefore to consider not

only the filtering materials but also the applied sewage in order to

learn its average strength and the limits in strength between which

it varies.

Character of the Sewage.

The sewage used at the Experiment Station is pumped through a

two and one-half inch pipe, 4,300 feet long, from a sewer which

drains the streets, houses and stores of the most densely populated

sections of the city of Lawrence.

Samjples of Sewage for Analysis.

Samples of sewage have been regularly collected for analysis as

follows :
—

1. Regular Sewage. On at least four days in a week a gallon

bottle has been filled from a larjje tank of sewa";e. While the

sample was intended to be as far as possible a representative one, it

necessarily represented accurately only a small fraction of the total

amount of sewage used ; and there is also considerable difficulty in

mixing several hundred gallons of sewage so as to get a sample with

its proper share of suspended matter.

2, Average Sevmge. On one day each week (Tuesday) , a sample

has been taken l)y collecting directly from the pump (without allow-

ing any opportunity for sedimentation), quantities of sewage propor-
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tional to the amount of each lot of sewage pumped during the day.

The average results from numerous samples collected in this manner

give satisfactorily the average composition of all sewage applied to

the filters.

3. Scu-ctf/efor Filters JVbs. 1, 6 and 9A. In order to learn the

variations in strength of sewage at different times of the day and to

ol)tain more accurate data upon the storage of organic matter in the

filters there have l)een collected weekly three mixed samples repre-

senting each dose applied during the week to Filters Nos. 1 , 6 and

9A, respectively. In order to keep the samples for one week without

putrefaction and decomposition, a small amount of mercuric acetate

was placed in the bottle.

Monthly Averages of Analyses of Regular Sewage Samples.

[Parts per 100,000.]
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Monthly Averages of Analyses of Average Sewage Samples.

[Parts per 100,000.]

The above analyses represent average samples of all the sewage

pumped during the day for each Tuesday of the year.

Monthly Averages of Mixed Samjiles, representing all of the Sewage apjilied to

Fillers Nos. 1, 6 and 9 A.

[PartB per 100,000.]
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remainder in the afternoon. Sewage for Filter No, 6 was regularly

pumped in the middle of the day. In the case of Filter No. 9 A
the sewage was pumped late in the afternoon during the cold months,

December to April, inclusive, and early in the morning during the

remainder of the year. The results are comparable with corre-

sponding results obtained in 1892.

Monthly Averages of Supernatant Liquid from Seioage settled loUh Alum for

Fillers Nos. 19 and 32.

[Parte per 100,000.]
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Monlhly Averages of Supernatant Liquidfrom Settled Seivagefor Filter No. 13 A.

[Parts per 100,000.]
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clear and cold, and probably very little surfjice water entered the

sewer. The second series was taken during a storm. The amount

of precipitation (rain and melted snow) was 1.47 inches, the greater

part of which was snow ; considerable rain fell during the night of

January 30, however, and found its way to the sewer. In the second

series estimates of the quantity of sewage flowing in the sewer were

made from observations of the depth of sewage in the sewer.

liesiiUs of Analyses of Hourly Samples of Sewage from the Lawrence Street

Sewer.

[Parts per 100,000.]

January 16 and 17.
|
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From the data obtained in the second series there was calculated

a representative analysis of all the sewage which passed through

the sewer during this period of twenty-four hours. In the follow-

ing table this representative analysis of all the sewage flowing for

twenty-four hours in the sewer is compared with the average analysis

of all the sewage pumped at the Experiment Station during this

period (7 a.m. to 5 p.m. January 31).

[Parts per 100,000.1
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Average of Analyses of the Sewage applied to the Experimental Filters at Laxo-

re7ice, and of that applied to the Filters tised by certain Cities and Towns.

[Parts per 100,000.]

Sewage.

Lawrence,

.

Framlnghara,

Marlborough,

Gardner, .

Westborough,*

Free
Ammonia.

3.07

1.88

2.08

1.80

1.07

Albuwinoid .Vmmonia.

.38

.19

.38

.21

.05

7.15

4.93

7.35

3.11

2.27

Oxygen
COD-
sumed.

3.63

5.14

6.29

3.94

•2.72

* Two saiiiplus from Weatborough were analyzed ; the other results (except Lawrence) are averages

of ecmi-raouthly analyses.

This table shows that the sewage applied to the experimental

filters contains more sludge than the sewage of the other places,

and consequently the experimental filters require more attention to

prevent clogging than do the several large filters in actual service

which receive more dilute sewage

.

Average Purification of Sewage by the Several Filters

IN 1893.

In the table below are given the average percentages of removal

of organic matter (albuminoid ammonia) and of bacteria by the

several filters to which ordinary sewage was applied. For the con-

struction and details of operation and results see pages 429-452.

Average Per Cent, of Albuminoid Ammonia and of Bacteria removed from
Sewage by the Several Filters, with Average Rates of Filtration, 1S03.

Number
OF

Filter.
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Those results show that with most of the filters the removal of

organic matter was over 90 per cent., while five of them removed

95 per cent, or more. It is to be stated, however, that both the

quantitative and qualitative efliciency were in man}' cases below the

normal during the early part of the year. This was owing to the

fiict that for some time previous the filters had been operated in a

manner believed to be unlikely to produce the best results, but tried

for the sake of learning the effect of certain methods of operation.

The methods of treatment by which the filters resumed their former

ability to purify sewage are described and discussed on pages 412-

421.

Permanency of Sewage Filters.

In studying the subject of purification of sewage by filtration a

matter of vital importance is the question of the permanency of filters.

It is well known that with filters of suitable material sewage may
ibe purified at a rate of more than 100,000 gallons per acre daily,

'with a removal of over 90 per cent, of the organic matter. It is

.also known that some of the organic matter of the sewage is stored

;at and near the surface of the filter, and that under some circum-

stances there is a certain amount of storage for some distance below

ithe surface. It has been learned that in the case of filters which have

(regularly filtered sewage at a comparatively high rate it is eventually

•necessary to spade up the surface in a manner corresponding to plough-

ing, and later to remove the clogged surface layers and replace them

with fresh material. We shall consider the treatment of the upper

iljiyers of a sewage filter, say the upper six inches, under the heading

•of management of filters necessary for their successful operation, and

a-egard the permanency of the filters as the ability of the main body

•of the sand, below the upper six inches, under proper treatment, to

purify sewage for an indefinite time.

In the Annual Report for 1891 it was shown that the storage of

organic matter in the filters at that time was steadily increasing.

This conclusion was drawn from repeated determinations of nitrogen

stored in the sand. During the past two years numerous examinations

liave been made, but, owing to the unequal distribution of sewage

through the material caused b}- trenching and in other ways, it was

found to be practically impossible to obtain results which represent

correctly the entire filter. Accordingly the calculations of the quan-

tities of orjfanic matter .stored within the filter have been made after

another method in 1893. The results of repeated determinations of
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nitrogen stored in the sand daring the earlier years of the experiments

indicated that 30 per cent, of the applied nitrogen was not to be found

either in the sand or in the etHuent. It probably disappeared in the

atmosphere ; possibly as nitrogen gas. To the nitrogen found in the

average analyses of representative samples of each effluent has been

added 30 per cent, of the amount in each case, and the ditierence

between this corrected quantity in the effluent and the quantity of

nitrogen in the applied sewage has been taken to represent the

amount of nitrogen stored in the tilters. In the table below are

given the percentages which the nitrogen in the effluents, calculated

as described above from the averages of representative analyses,

formed of the nitrogen in the applied sewage, by months. The sign

minus, of course, indicates a removal of stored nitrogen.

Per Cent, of Applied Nitrogen that was stored in the Sewage Filters, in 1S03.

NUMBE
OF

Filter
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Summary and Conclusions.

1. It will be seen that the only filters in which there was a con-

tinued storage of nitrogen were Nos. 4, 15 B and 1 6 B. These filters

represent the extreme limits in the size of materials and the results are

explained by the fact that there was an insufiScient amount of air for

the complete oxidation and nitrification of the applied sewage.

From this it follows that the permanency of sewage filters is indepen-

dent of the size of material, but is directly dependent upon the treat-

ment which they receive.

2. The removal of large amounts of stored organic matter in the

spring and early summer months, under favorable conditions, is one

of the most marked characteristics of sewage purification by inter-

mittent filtration.

3. It will be noticed that in several cases the storage of nitrogen

during the winter months was very slight, while in some instances

there was a removal. This is not apparent from the degree of puri-

fication of the corresponding efiluents, in which the free ammonia was

very high, and this seeming discrepancy is explained by the fact that

while freezing winter weather interferes with nitrification it does not

seriously afiect the oxidation of carbonaceous matter to free ammonia.

4. The average results from all the filters, some of which have

been in operation regularly for six years, indicate that there was

practically no more nitrogen stored in the filters at the end than at

the beginning of the year. From this it appears that, with the main

body of the sand the same, sewage filters may continue to purify

sewage for an indefinite time provided they receive proper treatment

to insure sufiicient ventilation for the oxidation and nitrification of

the applied sewage.

Management of Filteijs to Secure Continuous Efficiency.

An outline of the results obtained by different methods for the

conservation of the efficiency of sewage filters is as follows :
—

Systematic BakingfoUoived hy Scraping.

In 1800 it was learned that the interruption of the ventilation of

a filter, owing to clogging by the stored organic matter of the sludge

at the surface, was prevented, to a great extent, l)y a systematic

weekly raking to a depth of about one inch. Eventually the storage
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of sludge in the material disturbed by the weekly raking is so great

that ventilation is no longer afforded by this means. It is then

necessary, in order to insure the continued efficiency of the filter,

to present cleaner material at the surface ; and one of the ways by

which this may be accomplished is by removing the clogged material

by scraping and replacing it with fresh material. (See page 420

with regard to the addition of new material.)

Filter No. 1. — This filter is one two-hundredths of an acre in

area and contains 63 inches in depth of sand of an effective size * of

0.48 millimeter. On June 2, 1892, there were removed from the

surface 5 inches of clogged material which had been more or less

disturbed and mixed together by trenching. This was four years

and five months after the filter was first put in operation. No new

material was added at this time. The efficiency of the filter was

satisfactory during the following months until freezing weather set in.

The quality of the efiluent improved during March and April, but the

surface soon became clogged so that the sewage failed to disappear

from the surface in twenty-four hours. On May 5, 1893, a layer of

clogged sand, 4 inches in depth, was removed by scraping and new

material added to restore the filter to its original depth of 63 inches.

The total depth removed in the five years and four months up to this

date was 9 inches, or 7.9 cubic yards per million gallons of sewage

filtered. The 4-inch layer removed May 5, 1893, was equivalent to

15 cubic yards per million gallons filtered since June 2, 1892. Yer\'

good results followed this treatment. The rate of filtration up to

July 10 was 120,000 gallons per acre daily for six days in a week ;

July 11 to August 31, 60,000 gallons; September 1 to 17, 80,000

gallons; September 18 to December 22, 120,000 gallons; and

December 23 to 31, 60,000 gallons. During the six months. May
to October, inclusive, the average removal of organic matter

(albuminoid ammonia) and bacteria from the applied sewage was

93.2 and 95.5 per cent., respectively, while the nitrification was very

high. The averages of the analyses of the effluent showed that it

contained 3.16 parts per 100,000 of nitrogen as nitrates, which indi-

cates a removal of some of the organic matter stored in the sand.

Filter JSfo. 6. — This filter contains 44 inches in depth of mixed

coarse and fine sand of an effective size of 0.35 millimeter. The

surface has been raked regularly once a week since Jan. 1, 1891.

* The " effective size " means tliat ten per cent, by weight of the sand grains are finer than

the diameter given.
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On March '29, 1892, 2 inches of clogged material were scraped from

the surface and replaced with new material. The filter was spaded

over in layers to a depth of 2 feet on May 19, 1892, to break up

stratification. The surfiice became clogged again Sept. 25, 1893,

when 2 inches were again scraped off. The total depth of 4 inches

removed up to this date is equivalent to 5.8 cubic yards of sand

per million gallons of sewage filtered ; the 2 inches removed Sept.

25, 1893, are equivalent to 9.7 cubic yards per million gallons

filtered since May 19, 1892. During this latter period the average

removal of organic matter (albuminoid ammonia) and bacteria from

the applied sewage was 94.2 and 99. 3 per cent., respectively.

The efiiuent contained, on an average, 2.83 parts per 100,000 of

nitrogen as nitrates. The average rate of filtration was 62,400 gal-

lons per acre daily for six days in a week. From September 1 to

December 21 the rate was 90,000 gallons, and from December 22 to

31, 50,000 gallons.

Systematic Scraping ichen Necessary , without Halting.

Filter No. 9 A.— This filter is 60 inches in depth and contains

sand of an effective size of 0.17 millimeter. The upper 6 inches

were removed, and the rest of the material taken out and replaced

dry May 20, 1892, in order to break up stratification. The surface

was raked weekly until July 20, 1892, hut since that time it has not

been raked, but was scraped whenever the surface became sufficiently

clogged to prevent the passage of sewage through the filter. The

filter was scrai)ed eleven times from May 20, 1892, to Nov. 16,

1893, and on the latter date the ai)plied sewage failed to disappear

just after scraping, indicating a clogging beneath the surface. The

filter was restored to its original depth by the addition of new

material after scraping on March 14 and Sept. "25, 1893. The total

depth removed was 5.54 inches, which is equivalent to 13.8 cubic

yards per million gallons of sewage filtered during the period. The

rate of filtration, 120,000 gallons per acre daily, for six days in a

week, is very high for this material. The average removal of organic

matter (albuminoid ammonia) and bacteria from the sewage for the

entire period was 94.1 and 98.3 per cent, respectively. The nitro-

gen as nitrates averaged 2.03 parts per 100,000 in the efiiuent.

A decided objection to this method of treatment is that the fre-

quent interruption in ventilation causes a temi)orary decrease in

nitrification and an increase in the stora^re of or<j;anic matter. With
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long intervals between scrapings this would not 1)6 serious ; but, as

in the case of Filter No. 9 A, there may eventually come a time

when the scrapings are so frequent that nitrification does not get

fully re-established before clogging occurs again.

It was necessary to scrape, after November IG, 4^ inches, before

the sewage would disappear readily. As the removed sand did not

contain sufficient stored organic matter to explain this clogging, its

final interpretation must be postponed until something is known of

its subsequent history. It is to be mentioned, however, that com-

pactness of the material seemed to be an important feature.

Systematic Scraping at Itegular Intervals^ ivithout Raking.

No experiments upon this point have been made as yet at the

Experiment Station, but the sewage filters at Gardner have been

treated in this manner for more than two years. The sand in these

filters has an effective size of 0.10 to 0.24 millimeter, and the sewage

is applied with a two-day interval of rest at an average rate of about

60,000 gallons per acre daily. About one-eighth inch of scum and

clogged sand is removed once in ten days to two weeks. After

scraping off the stored sludge the sand is raked to a depth of 1 to

1^ inches to loosen the material. This treatment appears to be very

satisfactory.

Systematic Raking followed by Ploughing.

Upon the application of sewage to filters of coarse sand the sludge

passes deeper into the material than in the case of filters of fine sand
;

eventually a clogging occurs at a point just beneath that reached in

the weekly raking ( 1 inch deep) . Under these circumstances the sur-

faces have been spaded over in a manner corresponding to ploughing.

Filter JSfo 3A.— This filter contains 30 inches in depth of coarse

sand above 30 inches of fine sand. The effective sizes are 0.48 and

0.08 millimeter, respectively. The surface was spaded over 6 inches

deep Oct. 19, 1892, and, with the aid of weekly raking, the applied

sewage disappeared promptly until August, 1893, when the filter

became clogged again. The surface was spaded over (5 inches deep

August 14, after which the applied dose of sewage, equivalent to

60,000 gallons per acre daily for six days in a week, disappeared

promptly, and the quality of the efHuent steadily improved up to

September 1, when the experiment was discontinued.
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Filter Xo. 5A.—This filter contains 63 inches in depth of screened

ofravel of an effective size of 1.40 millimeters. Cloo;orino; beneath the

surface became apparent June 12, 1893, and was relieved by raking

2 inches deep. The rate of filtration was 120,000 gallons per acre

daily for six days in a week. Sub-surface clogging appeared again

September 15, when the surface was spaded over 6 inches deep.

On October 30 the rate was increased to 160,000 gallons per acre,

and clogging began to appear again the first of December.

Under this method of treatment it would be necessary, if a high

rate of filtration were maintained, to resort eventually to scraping,

as was the case with Filter No. 5 A in December.

Trenching.

Filter yo. 2. — This filter contains 60 inches in depth of very

fine sand of an effective size of 0.08 millimeter. In the winter of

1892-93 the surfiice of the filter became very badly clogged, and

on March 2 there were dug two circular trenches, each one foot

wide and two feet deep, one and a half and five feet, respectively,

from the edo^e of the filter. These trenches were filled to within

three inches of the top with sand of an effective size of 0.19 milli-

meter. The prescribed dose of 40,000 gallons per acre daily for

six days in a week was then taken without difficulty and the quality

of the effluent steadily improved. On September 1 the dose was

increased to 60,000 gallons. During October the trenches gradually

showed the effect of clogging, and finally were unable to take the

l)rescribed dose. At the same time the free ammonia in the efiluent

l)Ogan to increase. On October 30 the upper two inches of sand

in the trenches w^ere removed and replaced with fresh material.

This afforded but little relief, owing to a clogging further down in

the filter, as is explained beyond. The sand removed was equivalent

to 7.9 cubic yards per million gallons of sewage filtered since

March 2, 1893, and contained 118 parts per 100,000 of albuminoid

ammonia. The average removal of organic matter (albuminoid

ammonia) and bacteria from the ai)plicd sewage during this time

was 95.7 and 99.7 per cent., resi)ectivcly. The eiiiuent contained

on an average 2.86 parts per 100,000 of nitrogen as nitrates, which

indicates a removal of some of the organic matter stored in the

sand durinjc the winter months. The averaofo rate of filtration was

43,000 gallons per acre daily for six days in a week.
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The trenches in this filter probably doubled the quantity of sew-

age which could be successfully treated, and moreover caused a

marked improvement in the quality of the effluent.

Construclion of Trenches.

When coarse sand is placed in trenches dug in finer sand some of

the sludge of the applied sewage in time works down to the fine

sand at the junction, where the gradually increasing storage causes

an increase in the capillary attraction, and eventually so large a pro-

portion of the space between the sand grains is constantly tilled with

water that the ventilation is seriousl}'' impaired and the frictional

resistance is so great that both the qualitative and quantitative effi-

ciency of the filter are crippled.

Filter No. 2 became clogged in this manner, and on Dec. 2,

1893, the coarse sand was removed from the trenches and also two

and a half inches of the fine sand beneath it. After raking the sides

and the bottom of the trenches, a layer five inches in depth of

thoroughly mixed coarse and fine sand, with the coarse gradually

decreasing downward, was put back, wMth a view to preventing the

occurrence of any sharply dividing line in the difference in capillary

attraction. As far as can be judged at the time of writing the effect

upon the filter was very beneficial. In the case of deep trenches,

where much of the sewage passes through the sides, it would prob-

ably be desirable to treat the sides in a somewhat similar manner.

Some experiments have been made, showing comparisons of the

capillarity and other physical characteristics of coarse and fine sand

and several mixtures of the two. The materials (Nos. 1 and 2

sands) were dried and thoroughly mixed. In the table below are

given the mechanical composition, eftective size, uniformity coeffi-

cient, per cent, of open space and specific gravity, as well as the

capillarity in each case. The capillarity was determined by finding

the amount of water held in the pores of the sand after draining

twenty-four hours, and it is instructive to note that the mixtures of

one part coarse and three parts fine and equal parts of coarse and

fine held more water than the fine alone, while the other mixture held

only a little less.
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Mechanical Composition of Sa7ids.
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Resting.

Filter No. 4. — This filter contains 60 inches in depth of fine

river silt of an effective size of 0.04 millimeter and has received

sewage since June 24, 1889, in a trench of coarse mortar sand.

This trench covers one-third the area of the filter, is 14 inches deep,

and is filled to within 3 inches of the top with the coarse sand. In

the winter of 1892-93 the trench became clogged and unable to take

the dose of 40,000 gallons per acre daily for six days in a week.

On March (5 the upper 2 inches of sand in the trench, containing 75

parts per 100,000 of albuminoid ammonia, were removed. This

was a total removal of 3^ inches since June 24, 1889, and equivalent

to 3.79 cubic yards per million gallons ; the 2 inches removed March

6, 1893, were equivalent to 9.3 cubic yards per million gallons filtered

since May 9, 1892, the date of the first removal. This did not afford

relief, and the coarse sand was taken out of the trench, the upper

half inch of the fine sand beneath it was removed and the coarse

sand replaced. Clogging again occurred in May, and a new trench

was constructed June 2, the old one being allowed to rest. Analyses

of the sand showed that there was a reduction of 39 per cent., from

June 2 to August 16, of the albuminoid ammonia stored in the

trench. Another analysis on October 30 showed no farther reduc-

tion, but the sewage was applied to the original trench from that

date throughout the year without ditliculty. The rate of filtration

since June 2 has been 30,000 gallons per acre daily for six days in a

week. The average removal of organic matter (albuminoid ammonia)

and bacteria from the applied sewage, May, 1892, to October, 1893,

inclusive, was 92 9 and 99.993 percent., respectively. For Novem-

ber and December, 1893, these figures became 98.2 and 99.999,

respectively. The nitrogen as nitrates in the effluent averaged 1.09

and 2.14 parts per 100,000, respectively, during the two periods.

The construction of double trenches, allowing each to work and

rest alternately, in periods, is of much practical value ; and, more-

over, the removal of stored organic matter by simple resting indi-

cates that this inexpensive method is worthy of careful consideration

in the treatment of large areas of clogged filtering material.CO
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Addition of JVew Matericd.

For some time it has been known that the passage of sewage

through sand increases the amount of stored organic matter, which

forms a sticky coating around the sand grains and thereby increases

the capiUary attraction. Accordingly, when new material with

grains of the same size and original composition is put upon old

material to take the place of clogged material removed by scraping

the effect is similar to placing coarse sand above fine, and the result

is a clogging at the junction. This was found to be the case in

Filters Nos. 1 and G, which indicated furthermore that the finer the

material and the nearer the junction was to the surface the quicker

the clogging became manifested. To remedy this the filters were

spaded over, the old and new material mixed together, so as to break

up the layer at the dividing line between the materials of unlike

capillary attraction, and satisfactory results followed.

The Management of Sewage Filters with Regard to Winter Weather.

The purification of sewage by intermittent filtration is ordinarily

attended with more difficulties during the freezing winter weather

than during the remainder of the year, owing to an apparent diminu-

tion in the activity of the micro-organisms in the presence of frost

;

to the less favorable conditions for ventilation because freezing

interferes with draining, and the pores of the sand are more or less

filled with frost; and to the danger of the sewage freezing to the

sand before it disai)pears, whereby further filtration is impossible

until a thaw comes. It is therefore of the utmost importance that

the treatment of the filters be such that the conditions for operation

be as favorable as possible during the winter.

Most of the experimental filters received their preparation for the

winter on December 2, and on the following day severe winter

weather began. The filters showed great improvement in the readi-

ness with which they took the applied sewage, but the in)provemcnt

in the quality of the cfHuent was far less than would have been the

case in warmer weather. This indicates that the filters should I)e

prepared for the winter sufficiently early to be in their best condition

in every way when freezing weather begins. It does not appear to

be advisable to postpone this treatment in Massachusetts after the

Ist of November.

In regard to the preparation necessary, it may be sttited that the
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clogging should be removed as far as practicable, and in a majority

of cases the surface can with great advantage be arranged in alter-

nate ridges and trenches. The ordinary winter sewage is sufficiently

warm to melt some of the snow in the trenches, but in so doing

becomes so chilled that in many cases a sheet of ice is formed beneath

the unmelted snow and above the sand in the trench. The sewage

will slowly pass into the sand and form in this way a very inex-

pensive and effective winter cover. It is also to be mentioned that

at Framinghani the filters, which were planted with corn (maize),

were afforded such covers by allowing the snow and ice to rest upon

the corn hills.

Owing to the limited area of the experimental filters there is but

little opportunity for lateral filtration (a very important feature in

large filters), and it is not practicable to ridge and trench the sur-

face of most of the Lawrence filters because the sewage would pass

through in places too quickly. It appears that large filters in actual

practice are much less difficult to operate in winter weather than the

experimental filters.

Summary and Conclusions.

The several methods of managing filters, with particular reference

to the removal of clogging in the surface la3xrs, which have been

applied, with varying results, may be summarized as follows :
—

1. Systematic raking, with occasional harrowing or ploughing,

is very satisfactory, particularly for coarse materials.

2. Systematic scraping at regular intervals (followed by raking

to loosen the material) gives very good results, especially for fine

materials.

3. Systematic scraping when necessary, without raking or har-

rowing, is not advisable.

4. The efficiency of very fine material (clogged or not clogged)

is much increased by trenching with coarse material.

5. Such trenches should contain carefull}'' graded materials at

the bottom to prevent clogging at the junction of the coarse and fine

sand.

6. When new material is put on to old to replace clogged

material removed by scraping, it is always advisable to mix the old

and the new together in order to prevent clogging at the junction

of layers of unlike capillary attraction.

7. The removal of stored organic matter by resting for a limited
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period is sufficiently great to render this simple and inexpensive

method worthy of careful consideration in cases of clogging where

the available area is not too limited. It may be mentioned here that

the depth of material necessary to be removed from the surface of

several of the experimental filters would doubtless have been con-

siderably less if the}' had been allowed to rest for a short time.

8. It is important that the treatment of filters be such that the

conditions of operation be as favorable as possible during the cold

winter weather.

9. Great care should be taken, especially in the case of filters

of fine material, that the capacity of the filter be not taxed during

the winter months to such an extent that more organic matter is

stored throughout the sand than can be removed durinsf the sprins;

and early summer, which is the period of highest nitrification.

Experiments upon the Rapid Filtration of Sewage from which

THE Sludge has been removed by Different Methods.

The question of clogging has I)een considered in the preceding

pages with regard to the removal of sludge after its application to

and partial storage in the sand. Another aid to prevention and

relief is the removal of as much of the sludge as possible before

the application of the sewage to the filter. This may be done by

different treatments as follows :
—

I. By rapid filtration through coarse gravel, with the aid of a

current of air drawn through the gravel.

II. By chemical precipitation.

HI. By sedimentation.

IV. By mechanical devices, such as very fine screens or wire

cloth. (Results as yet incomplete.)

After treating sewage by one of the first three of these different

methods it has been in each case applied to a filter of sand 5 feet

deep, having an effective size of grain of 0.17 to 0.1 <J millimeter.

/. (Filters ms. 12 A, 15 D and 1GB.)

Filters JV^fjs. 15B and 16 B are each 65 inches in depth and con-

tain gravel stones of an effective size of 5.10 millimeters. They

were put in operation July 25, 1892. A current of air has been

drawn thr(;ugh No. 15 B, by means of an aspirator attached to the

tank near the bottom, since March 18, 1893, and through No. 16 B
since Jan. 16, 1893. The outlet from each filter has been trapped.
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The surfaces "were not disturbed until the middle of July, 18f>3,

about a year after they were first put in operation. They were

each raked 3 inches deep four different times, to remove clogging,

Ijetween the middle of July and September 1. After September

1, they were raked regularly once a week until October 26, since

which date they have been raked 3 inches deep daily. During

November and December there was evidence of sub-surface closforinir

and each filter was spaded over 6 to 8 inches deep on several occa-

sions. No material has been removed from either filter.

Filter JSfo. 12A contains 60 inches in depth of sand of an effective

size of O.ID millimeter, and receives the effluent of Nos. 15 B and

16 B. Since March 2 t it has been scraped when clogged, but not

raked. The clogged sand has been washed and replaced. The

filter has been scraped on an average once in five days, and the

average depth of clogged sand removed was 0.24 inch. Sub-surface

clogging made it necessary to spade over the upper six inches of sand

after scraping on September 27 and December 12 and 27. The
results are summarized beyond.

//. {Filier Xo. 19.)

This filter is also 60 inches deep, and the sand has an effective size

of 0.17 millimeter. It has received the supernatant liquid from sew-

age after treatment with alum (1,000 pounds per million gallons and

allowed to settle four hours). Since October 23 it has been scraped

after the same manner as No. 12 A. The average period between

scrapings was ten days and the average depth removed was 0.47

inch. Up to December 20 the filter had twice been spaded over 6

inches deep to remove sub-surface clogging. The rate of filtration,

640, (lOO gallons per acre daily for six days in a week, overtaxed

the capacity of the filter, which was allowed to rest for two weeks

beginning December 23. The results are summarized beyond.

///. {Filler m. 13A.)
This filter was constructed on Sept. 27, 1893, and contains 60

inches in depth of sand of an etlectiv^j size of 0.19 millimeter. It

received the supernatant liquid from sewage which had been allowed

to settle four hours. It has been scraped on an average once in six

days, and the average depth removed was 0.37 inch. In December
the sand was spaded over to a depth of 6 inches, three times, to re-

move sub-surface clogging. The rate of filtration, 480,000 gallons
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per acre daily for six days in a week, overtaxed the filter, which was

allowed to rest for two weeks beginning December 23. The results

are summarized below.

Quantitaiive Efficiency— Average Sates of Filtraiion.

(Gallons per acre daily for six days in a week.)

^'CMBKE OF Filter.
Jan. 1 to Dec. 31, Oct. 1 to Dec. 31,

1893. 1S93.

12 A,

13 A,

1.5 B,

1GB,

19, .

960,000

416,300

480,000

480,000

654,000

Qualitative Efficieyicy— Average Percentage* of Bemoval of Organic Matter and
Bacteria.
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2. Tlie removal of sludge by sedimentation enaljles filters of fine

material to be operated at higher rates than filters which receive

ordinary sewage. It appears that it would be advisable to employ

sedimentation in many large filters where the sewage is strong and

the filters are not cultivated.

3. The aid received from the removal of sludge by chemical

precipitation does not appear to be suflScient to justify the additional

cost.

4. Of the three filters of fine sand which receive sewage from

which the sludge has been partly removed by different methods,

No. 12 A received the best purified sewage and gave the highest

efficiency both from a qualitative and a quantitative point of view.

This filter also is the only one capable of continuing to work at the

rates given above.

5. Upon studying the several methods of obtaining a well purified

etiluent from sewage we find that the average rate of filtration for

the combined area of Filters Nos. 12 A, 15 B and 16 B was 320,000

giillons per acre daily for six days in a week. This is the best

result yet obtained with the experimental filters, and this system

of double filtration with the aid of a current of air appears to be

capable of application to the purification of sewage on a large scale.

Sub-surface Application of Sewage.

Filier JVo. 7. — This filter contains 44 inches in depth of mixed

coarse and fine sand of an effective size of 0.35 millimeter, above

which are 10 inches of loam and 6 inches of soil. The sub-surface

drain pipe is G inches in diameter, with open joints every 2 feet,

and is 18 inches below the surface. This pipe became clogged and

on April 20 was taken up and cleaned. The sludge removed con-

tained 75 per cent, of the insoluble albuminoid ammonia applied

since the pipe was cleaned and relaid in October, 1892. The pipes

were again relaid July 8 and sewage applied at the rate of 40,000

gallons per acre daily for six days in a week. The drain pipe is

gradually becoming clogged, and since December 1 the full dose

could not be ai)plied.

The nitrification was incomplete in August, and the ventilation

has been increased by aspiration since September 1. The quality

of the ctllucnt has improved and remains very satisfactory.

From the experiments upon Filter No. 7 and observations upon
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the sub-surface filters at Lenox and AVellesley we may draw the

following conclusions :
—

1. From a chemical and biological point of view no marked diffi-

culties attend the purification of sewage applied beneath the surface.

2. As much of the sludge as possible should be removed from

the original sewage by screens and sedimentation before applying it

to the sub-surface.

3. The sub-surface pipes should be provided with outlet gates at

the lower end, opposite the point of application, so that they may be

flushed out from time to time to remove the accumulated sludge.

4. In most cases, to avoid clogging, the drain pipe should be

surrounded with stones or coarse gravel, and in order to prevent the

sand from filling the spaces the gravel should be surrounded with

successive layers of material of intermediate and gradually decreasing

size.

Experiments with Sand clogged by Sewage.

Filter Xo. 11A.— This filter was filled in April, 1892, with 5 feet

of material which had been scraped from the surface of Filter No. 6

because it was clogged. Aided by a current of air it began to do

good work in a few months and in 1893 it filtered sewage at the

rate of GO,000 gallons per acre daily for six days in a week with an

cfliuent as well purified as that from some filters of clean material.

The purification fell oft' in the summer, owing to clogging at the

surface. In August the upper 3 inches were removed and the

<;iuality of the effluent steadily improved and remained satisfactory

throughout the year.

This experiment off'ers a strong confirmation of the conclusion

already drawn with regard to the injurious eftect of the presence of

layers of unlike material in a filter. (Compare Annual Report for

1892, pages 403 and 409, and also the sections in the present Report

on the construction of trenches and the addition of new material,

pages 417 and 420.) This material, just before its removal, and

when it formed a portion of the upper layer 2 inches in depth of

Filter No. 0, remained saturated with water and vcntila,tion was pre-

cluded because the cleaner sand beneath it was unable to draw the

water from it. "When placed by itself, however, it drained, allowed

air to enter the pores and oxidation processes in time became re-es-

tablished. In Filter No. 11 A the upper portion eventually contained

so much stored oriranic matter that it remained saturated and the
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comparatively clean but actually dirty and partly clogged sand

beneath it could not withdraw the water from its pores to allow the

entrance of air. There is no reason to belieye, moreover, that this

portion which was removed would not in time make an efficient

filter if placed by itself. This experiment with others shows that

the cloirerino: of a sewaije filter does not mean the storage in the

material of any definite amount of organic matter, but that it arises

from differences in capillary attraction of adjoining layers. While

it is true of course that increased storage of organic matter means in-

creased capillarity, it is also true that marked differences in capillary

attraction occur in unlike material containing very little or no organic

matter.

The Effect of Pol.miite in a Filter ox the Remov.\l of

CoLoii from Sewage containing Dye Stuff.

Filter JSfo. 14.— This filter has contained since Jan. 21, 1803, a

layer of polarite* 7 inches deep, the top of which was 6 inches

below the surface. From February 13 to March 22, Patent Bluef

equivalent to 33 part per 100,000 was put into the sewage, which

was applied to the filter at the rate of 160,000 gallons per acre

dail}' for six days in a week. The effluent was slightly colored

after a few days, and the color became quite marked at the end of

38 days. The filter was then operated as usual without the dye

stuff in the sewage and it was not until August 26 that the etHuent

became free from the color which had been stored in the filter.

During this time Filter Xo. 13, of the same construction as Xo. 14,

without polarite, received the same treatment as the latter. The

effluent of each was uniformly well purified with high nitrification.

Beginning on August 2<), Scarlet 2R (another aniline dye),

equvalent to 0.44 part per 100,000, was added to the dose of each

filter. The applied sewage had a strong red color. On the second

day the effluent of X^o. 13 (without polarite) showed a pink tint and

• Analysis of polarite by Professor Roscoe :
—

Magnetic oxide of iron, 53 85

Alumina 6 68

Magnesia, 7.55

Water, with a trace of carbon, 5 41

Silica 2.').50

Lime, 2.01

100.00

t Trade name for an aniline dye.
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contained about 20 per cent, of the color in the applied sewage on

the twelfth day of the application. The first appearance of color in

the effluent of No. 14 was on the twenty-second day, and the color

had not become marked on the twenty-eighth day, when the appli-

cation of this dye was stopped.

On September 24 Patent Blue was added to the dose of each filter

(0.33 part per 100,000 — the same as applied to No. 14 during the

winter months), and the effluent of No. 13 was strongly colored on

the first day, while that of No. 14 was tinted only very slightly.

The Removal of Bacteria.

The number of bacteria in the effluent of a sewage filter depends

upon the size of the material and the condition of the filter. With

filters of very fine sand such as Nos. 2 and 4 it is probable that

no bacteria pass through from top to bottom. When the nitrifica-

tion is ver}'' incomplete and there has been considerable storage of

organic matter in the sand, the number of bacteria in the effluent

frequently increases. These bacteria, however, belong to one or

more hardy species which are able to multiply within the filter.

Thus, in the case of Filter No. 2 in March, 1893, the bacteria in

the effluent were comparatively high and were nearly a pure culture

of a liquefying, fluorescent bacillus.

Filters Nos. 6 and 9 A, when operated under the most favorable

conditions, appear to allow no bacteria to pass through from top to

bottom. When opei-ated at high rates of filtration, however, a very

small percentage of the applied bacteria, as a rule, passes through

the filters.

With materials as coarse as those in Filters Nos. 1, 5 A and 15 B
there are always some bacteria which pass directly through the filter.

The number of bacteria decreases as the distance from the point of

application to the underdrains and the time taken to travel this

distance increases.

With regard to seasonal eff'cct, it is to be stated that generally

speaking the winter months are the time of least eflicicncy, because

the conditions for nitrification and other processes are then least

favorable. When a filter is in good condition it is possible to obtain

normal bacterial results in the winter, and as most increases in the

number of bacteria in the effluent come from disarrangements of the

functions of the filters, periods of unusually low bacterial removal

may be found at all times of the year.
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Work of the Filters for 1893.

The experimental filters used during 1893 for sewage purification

have been mainly the ones which have been fully described in pre-

vious Reports of the Board. In the following table are given the

descriptions of the materials used. This is followed by an outline

of the history of each filter and the monthly averages of the

analyses.

Constructio7i of Experimental Seivage Filters studied in 1S93.

XCMBER
OF

FiLTBB.

DlMKNHIONS OF FILTERS.

Depth Mean
|
^rea In

of Diam- Fractions
Sand.

I
eter. of

- ,
I
, . an Acre,

Inches. Inches.

3A,

4, .

5A,

9 A,

11 A,

12A,

13, .

13 A,

14, .

15B,

16 B,

17 A,

19, .

25, .

30, .

31, .

32, .

60

63

44

44

60

60

60

63

60

63

65

65

60

60

120

30

30

30

200

200

200

200

200

200

200

20

20

20

20

20

90

20

20

20

20

17

17

17

5J(r

2if,^5Tf

215,Jsw

2lf,Sff7

2T,5'iJ5

SizK OF Sand.

MannerEfTcctive uni- i <
SizeinMilll-'forinltvii ^'

meters, t'oeffl-
10 per Cent, cient.
Finerlhan—

Filling.

In Operation
since—

.48

.08

.48

.08

.04

1.40

.35

.35

.17

.35

.19

.48

.19

.48

5.10

5.10

.17

.17

.48

.17

.17

2.4

2.0

2.4

2.0

2.7

2.4

7.8

2.0

7.8

2.0

2.4

2.0

2.4

2.0

2.0

2.0

2.0

2.4

2.0

2.0

Wet. Jan. 10, 1888.

Wet. Dec. 19, 1887.

Dry.
(Dry.
/ Wet.

Wet.

Dry.

Wet.

Wet.

Dry.

Dry.

Dry.

Wet.

Dry.

Wet.

Dry.

Dry.

Wet.

Wet.

Wet.

Dry.

Dry.

Dry.

Jan. 6, 1890.

Dec. 19, 1887.

Sept. 14, 1891.

Jan. 12,1888.

Jan. 14, 1888.

Nov. 18, 1890.

Mar. 30, 1892.

July 25, 1892.

Feb. 16, 1888.

Sept. 27, 1893.

Feb. 16, 1888.

July 25, 1892.

July 25, 1892.

Jan. 28, 1890.

Jan. 28,1890.

Jan. 1, 1890.

May 31,1890.

May 31, 1890.

Dec. 5,1891.

ContaiDS two trenches
of coaree sand.

Discontinued Sept. 1,

1893.

Contains two trenches
of coaree sand.

Covered with 16 inches
of loam and soil;
sewage applied be-
neath the surface.

Filled with cloeged ma-
terial from No. 6.

Discontinued Sept. 27,

1893.

Contains layer of
polurite.

Constantly aerated.

Constantly aerated.

Contains layers of
marble dust.

Filled with loam and
soil. ContnluB car-
cass of dog.
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Filter Xo. 1.

At the beginning of the year the surface of this filter, unprotected

from the weather, was considerably clogged by organic matters

stored in the sand, and during the extreme cold weather of January

the nitrification was very slight, while the ammonias in the efiiueut be-

came exceptionally high. The applied sewage, equivalent to 120,000

gallons per acre daily for six days in a week, at times disappeared

very slowly and in a few instances froze to the sand. In this case

the ice was removed with a pick and shovel in order to keep the

filter in action. In February the quality of the eliiuent improved

somewhat, but was still poor, owing to imperfect ventilation and

probably to the passage of the sewage through portions of the filter

where there was the least frost. From March 8 until the middle of

April, ventilation was increased by drawing air through the sand by

means of an aspirator attached to the outlet pipe, the end of which

was trapped. The quality of the etiiuent improved until about the

first of May, when the spring rains caused the surface to be partially

covered for several days, but then began to deteriorate, and on

^lay 5, 4 inches of discolored and partially clogged sand were re-

moved and 9 inches of fresh material were added to bring the filter

up to its original depth of (io inches. Nitrification soon became high

and remained so during the summer in the absence as well as in the

presence of aspiration. The ammonias in the efiiuent became low and

it is to be stated that in July and August the albuminoid ammonia

was caused in part by the presence of small white worms which

appeared to live in the underdrains. During the warm weather there

was a removal, by nitrification, of considerable organic matter which

Ijiid been stored in the sand. In October the ammonias began to

increase in the efiiiient, owing to the interruption in the ventilation

caused by cloirging, at the junction of layers of old and new sand.

On December 2, the surface was spaded over, 12 inches deep, in two

layers of (i inches each. The quality of the etHuent improved up to

the middle of the month, when the very cold weather interfered with

the purification, but not with the quantitative efficiency. The poor-

est result of the month was on Deceml)er 19, when the albuminoid

ammonia in the elliuent was .22()0 part. The cause of this doubt-

less was that the sewage passed through holes in the frost made at

the points where the warm sewage first reached the sand.
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Effluent from Filter No. 1.

[Parts per 100,000.]
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Ions per acre daily for six days in a week disappeared promptly.

The ammonias and the nitrates steadily increased until ]May, after

which the ammonias steadily decreased and the nitrates remained

high during the entire summer, indicating a removal of much organic

matter from the sand. The grass and weeds which grew luxuriantly

around the edges of the trenches were cut on July 20 and August

31. The dose was increased September 1 to 60,000 gallons per

acre, and the filter continued to do excellent work until the latter

part of October, when the trenches began to clog and the increasing

free ammonia in the effluent indicated that the ventilation was im-

perfect. The upper two inches of discolored and partially clogged

material were removed from each trench on October 30 and replaced

with new sand. This did not restore the efficiency of the filter,

owing to a clogging at the bottom of the trenches, which was

remedied on December 2 by putting in several layers of mixed

coarse and fine sand, as is described on page 417. On December 4

the trenches were covered with boards. This treatment restored the

quantitative efficiency of the filter, and the quality of the effluent

steadily improved.

Effluent from Filter No. 2.

[Parts per 100,000.]
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Filter Xo. 3 A.

In January the prescribed dose, equivalent to 60,000 gallons per

acre daily for .six days in a week, was taken with some difficulty,

owing to the accumulation of oro-anic matter at and near the surface.

The quality of the etttuent was poor and became worse, although

the quantitative efficiency was satisfactory in February. In March

the ammonias in the etiiuent began to steadily decrease, but the

free ammonia was still very high. Nitrification slowly improved

and became very high in June and July, when there was consider-

able removal of organic matter stored in the sand. The etfluent

was well puritied. Early in August the surface sand became clogged

so that the sewage remained on the surface for twenty-four hours.

On August 14 the surface was spaded over, corresponding to

ploughing, to a depth of six inches, after which the applied sewage

disappeared promptly. Ventilation was restored and the quality of

the etiiuent, which had begun to deteriorate, became good again,

with the nitrates very high at the end of the month, when the ex-

periment was discontinued.

Effluent from Filter No. 3 A.

[Parts per 100,000.]
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Filter No. 4.

This filter of fine river silt with a hirge trench of coarse sand and

covered with canvas was able to filter sewao;e at the averaoe rate of

40,000 gallons per acre daily for six da3''s in a week until the early

part of March. The ammonias in the effluent were very low, but the

nitrates decreased steadily and there was a large storage of organic

matter in the sand. To remove the clogging the upper 2 inches of

coarse sand in the trench were removed on March 6. This did not

remedy matters and on March 11 the canvas cover was removed,

the coarse sand dug out of the trench and about I inch in depth of

clogged fine sand at the junction of the coarse sand of the trench

with the fine sand of the filter scraped ofi"; and the coarse sand Avas

replaced after raking the fine sand to a depth of about 1 inch. This

treatment did away with clogging until the last of May. During

this time the nitrates and ammonias in the effluent increased. The

trench fiiiled to take the sewage promptly toward the last of May and

on June 2 a new trench was constructed. The average rate was

reduced June 2 to 30,000 gallons per acre daily and the quality of

the effluent steadily improved until the last of September, when the

purification was excellent. The grass and weeds were cut on

August 31, Toward the latter part of October the new trench

became cloe^ored and it was allowed to rest and the old one usedDO
during the rest of the year. The nitrification decreased in December,

although the effluent was very free from organic matter. While the

effluent contained l)ut a comparatively small amount of albuminoid

ammonia throughout the year, it is to be stated that there was a con-

tinual storasje of organic matter in the sand.
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Effluent from Filter No. 4,

[Parts per 100,000.]
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in the early part of June, at a point just below that reached in the

weekly raking, to a depth of 1 inch. This w'as remedied by raking

to a depth of 2 inches. The purification was very good for this

material in July and a part of August ; but sub-surface clogging

appeared again in September, and the surface was spaded over, 6

inches deep, corresponding to ploughing, on September 15. On
October 80 the rate was increased to 160,000 gallons per acre daily,

applied in eight doses daily for six days in a week, and there was no

marked deterioration in the quality of the effluent until the last of

November, when the filter became clogged again beneath the surface.

Two inches of discolored and partially clogged gravel were removed

on December 2, and the surface spaded over, 6 inches deep. In

December the applied sewage, equivalent to 120,000 gallons per

acre, was taken readily, but the nitrification was incomplete and the

ammonias in the effluent were very high during the maximum flow.

Effluent from Filter No. 5 A.

[Parts per 100,000.]
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Filter No. 6.

This filter, 44 inches in depth of mixed coarse and fine sand and

unprotected from the weather, received sewage at the beginning of

1893 at the rate of 70,000 gallons per acre daily for six days in a

week. Owing to a storage of organic matter in the surface sand the

sewage on very cold days froze to the sand, and it was necessary to

omit some doses in January and to remove the ice in places with a

pick and shovel in order that the filter might be kept in action.

Nitrification was very incomj)lete in January and the ammonias in

the elHueut were high. The quantitative efficiency was satisfactory

in February, but the effluent deteriorated in quality, owing, in part,

to the fact that the oxidation and nitrification functions were thrown

out of adjustment by the unfavorable conditions of the preceding

weeks, but chiefiy to the passage of the sewage through holes in the

frost. In March and April the filter steadily improved, while from

JSIay to August, inclusive, the effluent was very well purified and

moreover there was a removal of a large amount of organic matter

which had been stored in the sand. On July 11 the quantity of

sewage applied to the filter was increased to 90,000 gallons per

acre daily. Surface clogging appeared early in September, and on

September 25 the upper 2 inches of discolored and partially clogged

sand were removed and replaced with fresh material. The filter did

good work again until the last of November, when a clogging oc-

curred at the junction of the old and new sand, as is descril)ed on

pages 413 and 414. This was remedied on December 2 by spading

the surface to a depth of G inches. A canvas cover was put on

December 4. The purification was quite incomplete during the first

half of December,but there was a gradual improvement during the

last half of the mouth.
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Effluent from Filter No. 6.

[Parte per 100,000.]
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and a reducing action set in, showing that the filter was overdosed.

The application of sewage was stopped on April 17 and the sub-

surface pipe dug up April 26. In places the accumulated sludge

more than half filled the pipe. Analyses showed that this slud^^e

was equivalent to 75 per cent, of the insoluble albuminoid ammonia
applied since the pipe was last cleaned. The pipe was relaid with-

out the trap on July 8 and sewage applied at the rate of 40,000
gallons per acre daily for six days in a week. The pipe gradually

clogged and the full dose could not be applied after December 1.

The nitrification was very high in July, indicating a removal of

stored organic matter, but became incomplete in August. Venti-

lation was increased by aspiration after September 1 and the quality

of the effluent improved and remained very satisfactory throughout

the year.

For a summary of the information obtained from the experiments

upon the sub-surface application of sewage see page 425.

Effluent from Filler No. 7.

[Parte per 100,000.]
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Filter No. 9 A.

This filter was protected from the weather by a canvas cover and

took sewage without difficulty at the rate of 120,000 gallons per

acre daily for six days in a week. The surface was not raked, but

scraped when necessary, to relieve clogging. The quality of the

effluent deteriorated during January, but began to steadily improve

in the latter part of February. On March 6 the canvas was removed

and the surface scraped. During April, May and June the effluent

was very well purified and there was a removal of organic matter

stored in the sand. The purification remained satisfactory until

November, when sub-surface clogging appeared. The results ob-

tained upon this filter which are presented below are discussed on

page 414.

Effluent from Filter No. 9 A.

[Parts per 100,000.]
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Filter No. 11 A.

This filter contains 5 feet of mixed coarse and fine sand which had

become clogged and had been removed from the surface of Filter No.

6. Sewage was applied at the rate of 60,000 gallons per acre daily for

six days in a week. The etiluent was well purified during the winter

but began to deteriorate the later part of March, and nitrification

decreased steadily. This was caused by incomplete ventilation as

the scum at the surface was too thick to dry and crack between

doses. Aspiration was tried in July and gave some relief, but to

insure permanent improvement the upper 3 inches were removed on

August IG, and aspiration tried until September 22. The effluent

was very well purified in September and showed a removal of organic

matter stored in the sand. The quality of the effluent remained

satisfactory through the rest of the year in the absence of aspiration.

For a discussion of this experiment see page 426.

Effluentfrom Filter No, 11 A.

[Parts per 100,000,]
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Filters Nos. 12 A, 15 B and 16 B.

Filter No. 12 A contains 60 inches in depth of fine sand, and has

received the effluents of Filters No. 15 B and 16 B which are filled

with coarse gravel. An aspirator was attached to No. 15 B on

March 18, and to No. 16 B on January 16. The rate of filtration

has been very high for each of these filters— equivalent to 480,000

gallons per r.cre daily for six days in a "week, for the last seven

months. The surfaces of these gravel filters were not disturbed

until July, 1893, about a year after they were first put in operation.

They were raked 3 inches deep once a w^eek after September 1, and

daily after October 26. The quality of the effluent was found by

series of analyses to be closely dependent upon the current of air

drawn through the gravel. Toward the end of the year it was

found that the ventilation was less complete than usual, owing to a

leak around the outlet pipe. This doubtless explains, to a great

extent, the deterioration in the quality of the effluent and also the

clogsfins: of the gravel, which necessitated raking on several occasions

to a depth of 6 inches.

The effluents of these gravel filters were uniformly well purified by

No. 12 A, when operated at a rate of 960,000 gallons per acre daily

for six days in a week. Since March 24 the surface has been

scraped when necessary to relieve clogging, and has not been raked.

It was scraped on an average once in five days, and the average

depth removed was 0.24 inch. The renaoved sand was washed and

replaced. To do away with sub-surface clogging the filter was

raked to a depth of 6 inches on September 27, December 12 and 27.

The deterioration in the quality of the effluents of Filters No. 15 B
and 16 B in December, began to make itself apparent toward the

end of the year, in the operation of this filter.

These results are discussed on page 422.



No. 34.] FILTRATION OF SEWAGE. 443

Effluent from Filter No. 12 A.

[Tarts per 100,000.]
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Effluentfrom Filler No.

[Parts per 100,000.]

16 B.
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Effluent from Filter Xo. 13.

[Parts per 100,000.]

Three gallons effluent from Filler No. 18 A applied, 6 times a week, till March 21. Eight gallons

sewage applied, 6 limes a week, March 22 to September 27. Forty-four hundredths pnrts per 100,000 of

Scarlet 2R applied in sewacc, Angiint 26 to 8epteinber 7. Sand washed September 9, by applying city

water, to remove traces of Scarlet 211, and 0.33 parts per 100,000 of Patent Blue applied In sewage, Sep-
tember 23-27. Experiment discontinued September 27.

Filter No. 13 A.

This filter contains 60 inches in depth of sand of an efiective size of

0.19 millimeter, and was constructed on September 27, 18D3. It has

received the supernatant liquid from sewage which had been allowed

to settle four hours. The surface, which has been scraped when

necessary to relieve clogging and not raked, was scraped on an

average once in six days, and the average depth removed was 0.37

inch. Owing to sub-surface clogging it was necessary to spade over

the surface 6 inches deep three times in December. It appeared

that the rate of filtration, 480,000 gallons per acre daily for six days

in a week, overtaxed the capacity of the filter, which was allowed

to rest for two weeks beginning December 23. The results are

discussed on page 423.

Effluent from Filter No. 13 A.

[Parts per 100,000.]
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Filter Xo. 14.

This filter is 63 inches deep and contains sand of an eifective size

of 0.48 millimeter. On January 21, 1893, the upper 6 inches of par-

tially clogged and discolored sand were removed ; the next 7 inches

were taken out and, after putting in 7 inches in depth of polarite,

were used to fill the filter to its original depth. The chief experi-

ment was upon the removal of color from sewage containing dye-

stufis, which is summarized on page 427.

The rate of filtration was 160,000 gallons per acre daily for six days

in a week until October 23 when the rate was doubled. The quality

of the effluent was uniformly good until the middle of November,

when clogging occurred at the surface of the polarite. The filter

was allowed to rest from November 16 to December 4, when sewage

was again applied at the rate of 160,000 gallons. The effluent was

well purified, but clogging began to gradually reappear.

Effluent from Filter No. 14.

[Parts per 100,000.]
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Filter No. 17 A.

This filter of medium fine sand, with four layers of marble dust,

received during the entire year sewage to which sulphuric acid equal

to 49 parts in 100,000 of actual II2SO4 was added. The rate of fil-

tration was 00,000 gallons per acre daily for six days in a week.

The free ammonia in the eltluent began to increase in November,

1892, and was unusually high during the greater part of 1893. This

increase, as well as that of the albuminoid ammonia, was owing to an

interruption in ventilation caused by clogging. To remedy this the

upper layer of marble dust, about 3 inches below the surfiice, in July,

and later the sand above this layer, were replaced with new materials.

It was found that the original layer of marble dust had occasionally

been disturbed in the weekly raking and this treatment gave only

temporary relief. Clogging again occurred in September, nitrifica-

tion was very incomplete, and there was present a reducing action,

as the sand down to the second layer of marble dust (12 inches) was

very black with iron sulphide. A thin layer was scraped from the

surfiice of the second portion of marble dust in October and the old

sand replaced. The quality of the etiluent steadily improved and in

December was excellent.

Effluent from Filter No. 17 A.

[Parts per 100,000.]
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Filter No. 19.

This filter of medium fine sand has received since January 20,

1893, the supernatant liquid from sewage which was allowed to

settle for four hours after treatment with alum at the rate of 1,000

pounds per million gallons. The rate of filtration was 120,000

gallons per acre daily for six days in a week up to June 12, after

Avhich the rate was increased from time to time until it became

640,000 gallons on and after October 23. From April to August,

inclusive, the quality of the effluent was excellent, but the ammonias

began to increase in September and continued to do so during the

rest of the year. Since October 23 the surface has been scraped to

relieve clogging. It has been scraped on an average once in ten

days, and the average depth removed was 0.47 inch. On December

2 and 12 the surface was spaded over, 6 inches deep, to relieve

clogging. This clogging and the deterioration in the quality of the

effluent indicated that this high rate of filtration when long continued

overtaxed the capacity of the filter which was allowed to rest for

two weeks beginning December 23. See page 422 for a discussion

of these results.

Effluent from Filter No. 19.

[Parte per 100,000.]



No. 34.] FILTRATION OF SEWAGE. 449

Filter No. 25.

In this filter was Imried on December 18, 1889, the carcass of a dog

above 5 feet of sand and loam and beneath 6 feet of sand, loam and

soil, as was described in the Special Report upon the Purification of

Sewage and "Water (page 689). Since May 9, 1892, city water has

been opplied at the rate of 60,000 gallons per acre daily for six days

in a week. There was a marked improvement in the chemical quality

of the efiiuent in 1892, but the numbers of bacteria increased. In

1893 there have been no marked changes in the chemical character-

istics of the effluent, and while the numbers of bacteria have been

quite variable, they have averaged considerably lower than during

the latter part of the preceding year. The effluent has been uni-

formly discolored I)y iron. The odor and turbidity have been very

much less marked than formerly, but are still perceptible.

EfflueTitfrom Filter No. 25.

[Parts per 100,000.]
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Filter No. 30.

This filter contains 30 inches in depth of coarse sand of an

eflective size of 0.48 millimeter. It has received sewage at a

uniform rate of 55,800 gallons per acre daily for six days in a week
"vvith satisfactory results. No disturbance of the material, other

than the weekly raking, has taken place since the filter was firSt put

in operation, May 31, 1890.

Effluentfrom Filter No. 30.

[Parte per 100,000.]
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Filter No. 31.

Thi.s filter contains 30 inches in depth of medium fine .sand of an

effective size of 0.17 millimeter. It has received sewage at a uniform

rate of 55,800 gallons per acre daily for six days in a week. The

effluent has been uniformly well purified. No disturbance of the

material, other than the weekly raking, has taken place since the

filter was first put in operation May 31, 1890.

Effluentfrom Filter No. 31.

[Parts per 100,000.]
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Filter No. 32.

This filter contains 30 inches in depth of medium fine sand of an

efi'ective size of 0.17 millimeter. It received the supernatant liquid

from sewage treated by chemical precipitation like that applied to

No. 19 at the rate of 112,000 gallons per acre daily for six days in a

week. This rate was doubled on June 12 and that rate doubled

October 23 (446,000 gallons). The filter became clogged in spite

of frequent raking and scraping ; this, with the deterioration in the

quality of the effluent, indicated that this rate of filtration overtaxed

the capacity of the filter, which was allowed to rest for two weeks

besinnine: December 23.

Effluent from Filter No. 32.

[Parts per 100,000.]
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FILTEATION OF AYATER,

One of the chief objects of watei* filtration, in most cases, is a

removal of the disease-producing germs. The investigations by the

Board in 1892 indicated that it is possible to construct filters which

will yield 2,000,000 gallons of water per acre daily, and remove

99.5 per cent, of the bacteria in the applied water. The investiga-

tions were continued in 1893 with the view to learn the efliciency of

the filters as they continued in service, and also to learn the bacterial

efficiency of filters of coarser sands operated at higher rates of filtra-

tion.

The general plan of the experiments was the same as in 1892.

Examination of the bacterial contents of the river water and of the

etHuent of each filter were made daily throughout the year. Owing

to complications from freezing, which caused the formation of chan-

nels at the sides of the iron filter tanks during the winter months,

and to the evolution of air by the saturated water within the filters,

the results obtained from May to November, inclusive, alone will be

discussed. Beginning May 12 B. prodigiosiis was regularly applied

to the filters ten hours daily and the efilueut of each filter examined

four or more times daily, at the time when the applied water con-

taining this germ is passing through the outlet pipes. The reason

that this germ was used is because it is easy to differentiate it from

ordinary water bacteria and in its mode of life in the river water it

appears to be very similar to the germ generally recognized as the

cause of typhoid fever. In the table below is given a summary of

the results obtained from the several filters. In the case of the

older filters (Nos. 18 A to 42) the averages include all of the results ;

in the case of the remaining (new) filters the averages include all

results after the second week of operation, when the efficiency in

most cases became normal. The diameter of all of these filters is

twenty inches and the area of filtering surface is equal to one twenty-

thousandth of an acre. A detailed account of these results will be

found beyond.
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The results show that —
1. The bacterial efficiency of the older filters, all things con-

sidered, was as satisfactory in 1893 as it was during the preceding

year.

2. A high degree of bacterial efficiency was attained by the new

filters of coarser sand and operated at higher rates of filtration.

This is brought out more clearly by the following table, in which

are summarized the results obtained from the newer and coarser filters

for the four weeks ending December 2. The bacterial averages

include the results of all examinations in each case and represent at

least four samples daily taken at widely different hours.

Summary of Bacterial Results obtained from Filters Nos. 43-49, with Rales of
Filtration, November 6 to Dec. 2, 1893.

KcMUKR OF Filter.

Depth of

Jlaterlnl.

Inches.

Method
of

Operutlon.

Average Kate

of Filtration.

Gallons per

Acre Dally.

AvKRAr.B Per Cent.
OF NUSinKR OF API-LIED
Bacteria which ap-

pkarkd in thk effluent.

Water Bacillus
Bacteria. Prodlgiosus.

43,

44,

45,

46,

47,

48,

49,

ContiDiious.

Continuous.

Intermittent.

Continuous.

Intermittent.

Intermittent.

Continuous.

7,660.000

7,700,000

3,740,000 (

[6,540,000] i

3,700,000

3,660,000 (

[6,405,000] i

2,900,000

[5,075,000] i

5,650,000

1.4S

1.10

1.50

2.34

8.13

1.83

1.04

0.171

0.148

0.210

0.337

0.463

0.366

0.183

The rates of filtration enclosed within the brackets are for the time when water was actually ap-

plied; the other rates are averages for the whole time, including the periods of rest.

These figures show that very good results were obtained from the

newer experimental filters which were operated at much higher rates

of filtration than those studied in 1892. This is particularly the case

with Filters Nos. 43 and 44, which daring the latter part of Novem-

ber were operated at rates of more than 9,000,000 gallons per acre

daily, with a removal of over 98 per cent, of the applied water

bacteria and over 99.5 per cent, of the applied B. prodiyiosus.
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The Effect upox Bacterial Purification of Rate of Fil-

tration OF Water.

There are two views to this problem, first, the effect of differences

in rates of filtration where the rate is kept constant after the change

has once been made ; and, second, the effect of fluctuating rates.

It is thought that the effect of changes in rates, which are regularly

maintained after the change is made, is best shown by taking the

average monthly results. The rates of filtration of the several

filters were very seldom changed more than once in a month ; they

were not changed at all in some instances and all changes were

moderate ones. When we consider the large number of bacteria

stored in the sand the small differences in the number of bacteria in

the applied water exert usually but little influence upon the numbers

in the effluent and the results are therefore expressed in numbers

per cubic centimeter.
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In the case of No. 18 A the number of bacteria in the effluent

increased about the middle of eluly after removing the siphon which

delivered the water in one-quart doses onto the sand about once in

four minutes days, nights and Sundays. After this time the water

was applied sixteen hours a day and the filter allowed to drain during

the remaining hours. Some of the bacterial increases during the

summer were due to growths or to conditions favoring longer con-

tinuance of life of the bacteria in the sand. This was more marked

in continuous than in intermittent filters.

In some cases there were marked increases in the number of

bacteria in the effluent, evidently not due to changes in rates of

filtration, and which at present cannot be fully accounted for. In

other instances, such as Nos. 43 and 44, an increase in the rate was

followed at times by no increase whatever in the number of bacteria

,in the effluent; and, when studied by weeks, some of the results

•indicate a diminution. These results, taken all together, indicate

Tthat in the process of water filtration there exist conditions wdiich

'exert more influence upon the bacterial contents of the effluent than

do differences in rates of filtration within moderate limits. Some of

the conditions appear to be normal to the operations of these experi-

mental filters while others are not yet understood. Upon examina-

tion of the results obtained at the highest rates, however, it will be

seen that the bacterial efficiency diminishes and the statement made in

earlier reports that low rates are safer than high rates is undoubtedly

true. Nevertheless, up to a certain limit the rate apparently exerts

very little influence, and this limit is different for different filters

and also varies with other conditions in the case of the same filter.

The Immediate Effect upon Bacterial Purification of Increasing the

Rate of Filtration.

In the next table are given the results obtained from each filter

with regard to this point. Fluctuations in the rate of filtration ap-

])ear to be an important feature in the operation of some of the older

filters in Europe and the following results have been obtained at

the Experiment Station upon this subject. The number of bacteria

per cubic centimeter for each of the three days before and the three

days after increasing the rate of filtration are given in each case

where there was no complication such as the eflfect of scraping. In

moat cases the rate was increased and practically no information has
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been obtained as to the effect of decreasing the rate. As the changes

were usually made on Monday there are very few results for the first

day before increasing the rate.

Number of Bacteria per Cubic Centimeter.
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Number of Bacteria j^er Cubic Centivieter— Concluded.
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The Effect of Depth of Material upon Bacterial Purifica-

tion OF Water.

The results upon this point are as follows :
—

XfiiBER OF Filter.
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The Effect of Size of Sand Grains upon Bacterial

Purification.

In the following table is given a summary of the results obtained

from the several filters during the month of November, this month

affording the fairest comparison because the conditions were then

most nearly alike.

Continuous Filters.
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in 1892 was practised in 1893 until November 1, as follows: the

water al)ovc the sand was siphoned ofl' and the filter allowed to drain

until the water stood about an inch below the surface of the sand.

The outlet was then closed, the surface scraped and water applied

slowly from the top. The intermittent filters were scraped after

draining. In the table below is given a summary, up to November,

of the number of bacteria in the effluent during each of the three

days before and three days after scraping, and also of the remaining

days of each period between scrapings. In some instances the

filters were scraped about once a week and nearly all of the results

are contained under the headings, three days before and three days

after scraping : under these circumstances a representative result

for the time midway between scrapings is giv^en under the column,

remaining days.

Summary of the Average BesuUs of the Ntimber of Bacteria per Cubic Ceiiti-

meter in the Effluent of each Filter during Different Portions of each Period

between Scrapings.
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The average results from all of the filters indicate that there was

a very slight decrease in bacterial efBcienc}'', after scraping, by the

method of operation practised. Taking the results individually it

was found that out of 113 scrapings an increase in the number of

bacteria in the etiiuents just after scraping, above that accounted for

by the ordinary bacterial fluctuations, occurred in the case of the

water bacteria 46 times and in the case oi B. prodigiosus 55 times.

Almost without exception the increase in number of bacteria was

very slight, as will be seen in the table below, which contains the

results obtained from each filter when the effect of scraping was

most marked. In the second table beyond are given the results

when the eflect of scraping was the least marked in the case of each

filter. During the period in which the results given in these tables

were obtained the water bacteria in the applied water averaged

10,500 and the B. iwodigiosus 7,000 per cubic centimeter.

Table showiiig the Number of Bacteria per Cubic Centimeter in the Effluent of

Each Filter during Difftrent Portions of the Period betweeti Scrapings tvhen

the Effect of Scraping ivas Most Marked.

..... —
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Table showing the Number of Bacteria per Cubic Centimeter in the Effluent oj

Each Filter during Different Portions of the Period between Scrapings when

the Effect of Scraping was Least Marked.
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Bacteria pa' Cubic Centimeter.
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filters it is probable that in such cases the diminution would be

more marked. The effect of mechanical disturl)ance is brought out

most clearly by the results obtained from Filters Nos. 3 B and 8 A.

These filters are one two-hundredth of an acre in area and contain

five feet in depth of sand of an effective size of 0.23 millimeter.

Filter No. 3 B has been operated intermittently at an average rate of

two million gallons per acre daily since September 23, as follows : at

5 A.M. the gate on the outlet pipe is closed and the water turned

on at the top near the edge. When the filter is covered (about 7.30

A.M.) the gate on the outlet pipe is opened to give the prescribed

rate of filtration, and the surface is kept covered until 9 p.m. when

the water is shut off and the filter allowed to drain during the night.

No. 8 A has been operated continuously since September 26 at a

constant rate of two million gallons per acre daily. While the passage

of water through No. 8 A is uniform and causes no disturbance of the

sand, the peculiar method of daily filling in No. 3 B drives out a

large part of the air contained in the sand and causes more or less

disturbance of the sand at the surface. That this disturbance of the

surface is due to the escape of air from the sand can be readily seen

from inspection, and is further indicated by the fact that up to

January 1, No. 8 A was scraped three times to relieve clogging,

while No. 3 B was not scraped at all during this period, although it

yielded as much water. In the table below are given the average

results of daily bacterial examinations of samples taken at ditlerent

hours during the day from the eflluent of each filter, from October

30 to December 8. The num])er of bacteria per cubic centimeter in

the applied water averaged 8,800 during this period.

Baclcria per Cubic Centimeter.

Date.

(October 30 to Dec. 8, 1893.)
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The Effect upon Bacterial Purification of Freezing the
Surface Layers of a Filter.

The freezing of the upper layers of a filter which has been drained

also appears to aid in causing the passage of more bacteria through

the filter. The weather during the second and third week in Decem-
ber was very cold and the surface of No. 3 B froze durino- the ni^ht

after draining. The last week in the month was much warmer.

Upon comparison of the results below with those presented above

it will be seen that No. 3 B was less eflScient than usual during; the

severe weather, but the results became normal again when warmer

weather appeared.

Average Weekly Numbers of Bacteria per Ciihic Centivieler.

Wkkk EsDisa—
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Average Daily Numbers of Bacteria j^cr Cubic Cenlimelt

In sonic instances only a very small portion of water, applied

after the filter was put in operation after filling from below, appeared

during that Jay as effluent. Under such circumstances the bacteria

were lower than on the following day.

Some experiments have been made upon Filter No. 8 A, in which

the filter, after scraping, was filled from l)elow with city (filtered)

water at a rate not exceeding 1,.500,000 gallons per acre dail}". The

results thus far obtained indicate that no diminution in the bacterial

efficiency follows this operation.

COXCLUSIOXS.

From the evidence at hand it appears fair to conclude that—
1. No appreciable diminution in the bacterial etficiency of

the exjicrimental filters followed scrajiing, provided there was no

mechanical disturbance of the main body of the sand.

2. Filters may be scraped without interfering with their bacterial

efficiency by draining the water slightly below the surface of the

sand and, after scraping, slowly filling from the top.

3. Filters may be drained and slowly filled from below, after

scraping, without diminishing their bacterial efficiency.

4. "When filters are drained and filled (|uickly from below, after

scraping, there is an increase in the nunil)cr of bacteria in the efiluent.

5. "When filters arc drained and filled rapidly from the top a

disturliance of the sand follows in tiie case of some of the experi-

mental filters, which causes a diminution in the bacterial efficicncv.
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The Effect upox Bacteeial Purification of the Amount of

Loss OF Head.

In some places abroad it is believed that the bacterial eificiency

of a filter decreases as the loss of head increases beyond a certain

limit. For this and other reasons several of the most recently con-

structed water filters in Germany are so arranged that the available

head is very much less than the total depth of water and sand ; in fact,

in some instances the available head is less than 2.5 feet. The Law-

rence results obtained in 1892 have been arranged to throw light upon

this subject and are presented in the table below. In all cases these

filters were scraped when the loss of head equalled the total depth of

sand and water; and it was just before scraping, of course, that the

loss of head approximated the maximum. The next table shows

the average number of bacteria per cubic centimeter in the effluent

during the three days before and the three days after scraping each

filter, as well as the numbers during the intermediate days, that is,

the remaining days of each period between scrapings. Owing to

the growth of bacteria in some of the filters during mid-sunnner

(see Annual Report for 1892, page 580) the results are divided

into three periods, viz. : spring, summer and fall. It may also be

stated that the numbers of bacteria in the effluents during each of

the three days before scraping were substantially the same with the

exception of a few instances in mid-summer when the bacterial

growths occurred.

Summary of Results showing Uniformity of Bacterial Purification by Water Filters

during Periods bettveen Scrapings— 1892.
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These results show that during the spring and fall there was no

diminution in the bacterial efficiency of these experimental filters

as the loss of head approached and reached the maximum (total

depth of water and sand) ; neither was there any apparent difference

in this regard between those filters which had a maximum loss of head

of 70 inches and those in which the maximum loss was less than

half of this amount. It will be seen that during midsummer the

highest number of bacteria in the effluent in some cases did appear

when the loss of head was greatest. This was undoubtedl}- due to

the conditions existing in the filter which favored the continuance

of life and growth of certain species of bacteria, and the high num-
bers occurred just before scraping and when the loss of head was

greatest, because the accumulation of organic matter (food) was

largest at that-time.

The average results obtained from all of the small water filters in

l(Sit3 with regard to this point are presented in the table on paire

4(33. These averages contain all results, including those of mid-

summer, when the abnormal growth of bacteria occurred within the

filters. This growth, however, Avas much less marked than in 1892.

The final averages for 1893 confirm the results oljtained during the

preceding year and show clearly that with these experimental filters,

under the existing methods of operation, there is ordinarily no ap-

preciable diminution in the bacterial eificiency caused by increases

in loss of head up to 70 inches.

In the case of the continuous Filter No. 8 A (one two-hundredth

of an acre in area) there were several occasions, notably December
1 and 29 (see beyond), when the number of bacteria increased in

the efiluent, just before scraping, and the loss of head reached the

total depth of the filter. There was no trap on the outlet pipe of

this filter, and the bacteria in the etfluent did not increase until the

loss of head had practically reached the maximum and when there

was not enough pressure on the open gate to cause the prescribed

quantity of effluent to pass. Under these circumstances air entered

the filter through the outlet pipe, and the water {)rol)al)ly filtered

through the sand in certain places of least resistance at a relatively

high rate. It is believed that these results are very exceptional and

caused by the entrance of air from below through the untrapped

outlet. It is of importance to note that the bacterial results were
normal so long as there was any pressure upon the outlet gate in

excess of that necessary for the passage of the prescribed quantity
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of water. Furthermore, the outlet was kept trapped at later dates

and no increase in the numbers of bacteria in the effluent was

found just before scraping, although the scraping was deferred until

the filter ran nearly dry.

It is also to be noted that in the case of the Lawrence city filter

during January and February (see tables beyond) the number of

bacteria in the efiiuent remained reasonably constant up to February

19, the date when scraping in sections began, although the loss of

head increased from 3 to 7.6 feet.

The Effect upox the Bacterial Purification of the Method
OF Application of Water.

In comparing the efficiency of the intermittent with that of the

continuous filters it is to be kept in mind that several difterent ways

have been employed for allowing the entrance of air into the pores

of the intermittent water filters. In most cases, up to October 1,

1893, the outlets of the intermittent filters have been untrapped

and kept wide open, while the rate of filtration of water has been

regulated at the inlet on the surface ; these filters have been worked

sixteen hours a day on six days in a week and allowed to drain the

remainder of the time. Other filters, such as the older ones. No.

18 A and 20 A, also had the outlet untrapped and wide open, but

received the contents of a small reservoir which was automatically

discharged upon the surface at frequent and regular intervals, days,

nights and Sundays. Beginning October 1, 1893, all of the inter-

mittent filters have been operated as follows : at 5 a.m., after drain-

ing, the untrapped outlet has been closed and the water turned on

at the top, which forces out the air at the surface. When the sur-

face is covered and the air driven out of the pores of the sand

(about 7.30 a.m.) the gate on the outlet pipe is opened to give

the prescribed rate and the surface kept covered with water. At 9

P.M. the water is shut oil' at the top and the filter allowed to drain

over night. In this method of o])cration there are two features

which are not necessarily a part of intermittent liltration.

I. The actual rate of filtration during the hours the filter was

operated was 50 per cent, higher than the average rate for twenty-

four hours in order that the yield of effluent in sixteen hours should

equal that of the continuous mate in twenty-four hours.
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II. The exclusion of^ air from the pores of the sand by the

manner of filling the filters and the resulting disturbance of the

surface by the escaping air.

In studying the results obtained from the several pairs of in-

termittent and continuous filters, which are presented below, the

different methods of operation of tiie intermittent filters are not

to be forgotten, and are as follows : up to October 1 and from

November 21 to 30 the intermittent filters, Nos. 41, 45, 47 and 48,

were operated sixteen hours a day on six days in a w^eek, with the

outlet untrapped and wide open and the rate of filtration regulated

at the inlet at the surface. During the rest of the period covered

by these results the untrapped outlet was closed after draining and

water applied at the top ; when the surface was covered the outlet

was opened to give the prescribed rate.

Table showing a Com2)arison of the Number of Bacteria, x>er Cubic Centimeter,

arranged as Weekly Averages, in (he Effluents of each Pair of Continuous and
Intermittent Fillers,

NrilBF.B OF
Kilter
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The results obtained from Filters Nos. 3.B and 8 A are instructive

in this connection ; the summarized and detailed results twe given in

tables which may be found beyond.

The results at hand, obtained from the several pairs of continuous

and intermittent filters, show—
1. That in the case of the filters of very fine sand (in which there

is a saturated layer of considerable depth) the bacterial efficiency was

substantially the same by each method employed in the application

of water during the greater part of the period, but during mid-

summer (July 24 to September 2) the continuous filter allowed a

few more of the hardy water bacteria, but not oi. B. prodigiosus, to

pass through.

2. That with filters of coarser sands, operated at comparatively

high rates, the continuous filters were ordinarily more eflicient in

removing bacteria than the intermittent filters under the existing

•methods of operation. The reason of this is that the actual rate of

flow was lower and more uniform and there was no mechanical dis-

turbance of the sand as was the case during the greater part of the

period with the intermittent filters, owing to the manner of filling

.and drivinof out the air at the surface.

Chemical Purification of Water by Filtration.

The results of the chemical analyses, from May to November,

iaclusive, indicate that on an average 45 per cent, of the total

albuminoid ammonia, of which 15 to 20 per cent, is usually in sus-

pension, in the applied river water appeared in the eftluents. The

total albuminoid ammonia of the river water which appears in the

efliucnts ordinarily ranges from 35 to 60 per cent. ; the extremes are

30 and 70 per cent.

A comparison of the efficiency with regard to the removal of

organic matter of filtration under different conditions is presented

below. For details regarding methods of operation and results of

analyses see pages beginning with 488.
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Table shoiving Per Cent, of Albuminoid Ammonia in Applied Wa^er which appeared

in the several Effluents at Different Rates of Filtration.

[Rates are espresBed in million gallons per acre daily.]
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I. Contmuons Filters.



No. 34.] FILTRATIOX OF WATER. 477

Effect of the Method of Ajyplication of Water.

In the Annual Report of the Board for 1802 (page 466) it was

shown that there was practically the same amount of free and albu-

minoid ammonia in the effluents of the continuous and the intermit-

tent filters. The nitrates, however, were higher in the effluents of

the latter.

It is to be again stated that it is necessary to consider the differ-

ent methods practised in running the intermittent filters, and the

peculiar features of each. In this connection see page 472.

Nearly all of the samples of effluents of intermittent filters analyzed

during 1892 were collected within two or three hours of the time

when the effluent l)eo-an to flow after the interval of rest. TheO
results of the analyses of more extended series of samples col-

lected during diflcrent hours of the day in 1893 show that such

samples in a majority of cases are not representative with respect to

the nitrates in the case of the effluents of intermittent filters under

the existing method of operation. The variations are shown by the

representative analysis given below of samples from No. 41, taken

on September 20. This filter was operated sixteen hours a day with

the faucet below always open and untrapped, the rate regulated at

the top and the filter allowed to drain during the remaining hours.

[Parts per 100,000.]

Effli-kst of
FiLTEH Number
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shown by the following table in which are given the average results

of three sets of samples collected at 9 a.m. and 3 p.m. from the efflu-

ent of Xo. 33 A the mate of Xo. 41.

[Parts per 100,000.]
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These results indicate that during these months there was practi-

cally no difference in the average chemical purification effected by the

continuous and intermittent filters under existing conditions of oper-

ation. The most substantial confirmation of this is that Filters Nos.

33 A and 41, a pair which had been operated over a year and a half,

contained substantially the same amount of organic nitrogen in the

sand on December 8, at the end of the period covered by the analy-

ses presented above. The amount of organic matter in the sand

removed by scraping was also the same (see tables, pages 484-48G).

During the period of rest (8 hours) in the intermittent filters for

the greater part of the year there was increased nitrification of the

organic matter stored in the sand ; when water was again applied the

nitrates formed during the period of rest were gradually washed out,

giving a higher quantity for several hours than is found in the efflu-

ents of continuous filters. After a time, depending upon the rate

of flow, these high nitrates ftill to the normal. The reason that the

continuous filtration of water is successful, while with sewage this

method is a failure, is that the applied water contains dissolved

oxygen and, as will be seen from the table (page 482), the dis-

solved oxygen in the elHucnts of the continuous filters has never

been found wanting. It is to be remembered in this connection

that it was shown in the Special Report upon Purification of Sew-

age and Water, 1890, page 730, that a small amount of oxygen (1

to 3 per cent.) in the air of the filter was effective, provided the

air was changed so often that some oxygen was always present at

every point.

The results presented above are for the fall months, and it is be-

lieved that they are representative for the spring months also. But

the evidence at hand indicates that the results are different in the

warmest summer weather and in the severest winter weather.

In mid-summer the conditions for nitrification appear to be the

most favorable both in continuous and intermittent filters but it is

more marked in the case of the latter. This is brought out by the

following table of monthly averages of elilucuts of Filters Xos. 33 A
and 41 and by a series of analyses of the effluents. It will be noted

that high nitrates in the effluent of the intermittent filter (outlet

untrapped and kept wide open) were found when the quantity of

effluent yielded after the period of rest exceeded the quantity of

water held in the pores of the sand. In the case of the continuous

as well as of the intermittent filter the effluent containoil at times
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more nitrogen than the applied water, showing a removal of organic

matter stored in the sand. In most instances the samples from

No. 41 were collected at 2 p.m. when series of samples were not taken.

Monthly Averages of Chemical Analyses.

[Parts per 100,000.]

June, 1893.
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winter months, with another pair of filters, Nos. 3B and 8 A, the

advantage lay with the continuous filter, as shown by the following

table of monthly averages. No. 3 B was operated intermittently, —
drained 8 hours daily, outlet untrapped and closed while filling

;

No. 8 A, continuously. The analyses were made of mixed samples

collected in portions at difierent hours during the day and are believed

to be representative.

Monthly Averages of Chemical Analyses.

[Parta per 100,000.]

December, 1893.
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significant that series of samples taken at frequent intervals during

the day from the effluent of No. 3 B showed no marked variations in

amount of nitrates during the cold weather, but in April the series

were simihir to those obtained from No. 41 on September 20, 1893,

and which were presented on page 477.

While considerable light has been obtained upon this subject it is

still necessary to have additional data before we can draw final con-

clusions as to the relative merits of the two methods as well as to the

best way of operating a filter intermittently.

Dissolved Oxygen in the Effluents.

In the table below is given the average amount of dissolved oxygen

in the applied river water and in the effluents of the several filters.

In no case was an absence of oxygen noted in the effluents of con-

tinuous filters. The effluents of the intermittent filters contained

much more oxygen than did the effluents of continuous filters, and

during midsummer the amount was in excess of that in the applied

water. The analyses were made about four hours after the expira-

tion of the period of rest in the intermittent filters, and it is probable

that the quantity became less as the filter continued in operation.

Per Cent, which the Oxygen dissolved in the Applied Water and Effluents was of

that necessary for Saturation at actual Temperatures.
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The Removal of Color from "Water by Filtration.

The per cent, of color of the applied water which appeared iu the

efHuents of those tilters started in 1892 was shown in the Annual

Report for that year to be 55, on an average, after there had been

filtered 400,000,000 gallons of water per acre. In 1893, after

800,000,000 gallons per acre had been filtered, the average amount

of color in the eftluents was 65 per cent, of that in the applied

water.

The filter two feet deep (No. 38) was as efficient as those five

feet deep.

The filters constructed in 1893 contained sand from Gale's Hill, a

diflerent source from that used for the earlier filters. This sand was

also used for the Lawrence city filter. While in the earlier filters it

was found that the sand was most eftective in removing color when
new, the sand from Gale's Hill removed practically none at first but

gradually acquired this power, although apparently to a somewhat
less extent than was possessed by the sand used in 1892 for filling

filters.

The mineral analyses of the two sands are as follows :—
No. 38 (1892) sand contained 98.70 per cent, of material in-

soluble in strong sulphuric acid kept at the boiling temperature for

two hours; 0.75 per cent, of alumina; 0.30 per cent, oxide of iron

and 0.02 per cent, oxide of manganese.

Gale's Hill (1893) sand contained 97.70 per cent, of material in-

soluble in strong sulphuric acid kept at the boiling temperature for

two hours ; 0.96 per cent, of alumina ; 0.54 per cent, oxide of iron

and 0.13 per cent, oxide of manganese.
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NuiiBER OF Bacteria and Amount of Nitrogen found in the

Sand of the Several Water Filters, December 8, 1893.

On this date, after the filters had drained twenty-four hours,

numerous samples of sand at different depths were taken from each

filter and analyzed chemically and bacterially, with results as fol-

lows :
—

NUUBBB

OP

FiLTJJE.
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Ntanherof Daderinj-ier Gram found in Ihe Sand at Different Depths, Dec. S,1S03.

Nlmbeb of Filtkr.



486 STATE BOARD OF HEALTH. [Pub. Doc.

Considerable attention was given to the species of bacteria found

in the sand at different depths in Filters Nos. 33 A, 41, 44 and 47.

No very marked characteristics with respect to the distribution of

the species of bacteria could be found in the samples of sand from

the different sources. The presence of about fifteen species was

noted.

In the following table are given the results of chemical and

bacteriological analyses of representative samples of the clogged

sand removed from the surfaces of the filters by scraping.

The number of bacteria per gram in these samples was found to

be somewhat less than in samples just below the surface, as will be

seen from the tables above. The reason of this appears to arise

from the difficulty with which the bacteria are detached from the

grains which are so thickly coated with the accumulation of gelati-

nous organic matter. From this it will be understood that the merit

of determinations of bacteria in sand lies in their value for com-

parison and not as absolute determinations.

33 A,

34 A,

35 A,

36 A,

38, .

39, .

41,

42,

43,

44,

45,

NCMBEB OF FlLTEB.

Totals and averages,

Average
Number

of Bacteria In
Sand per
Uram.

8-20,000

830,000

650,000

900,000

1,500,000

580,000

540,000

900,000

910,000

640,000

540,000

800,000

Number
of Analyses

made.

Average Quantity
of NItrugen la

Sand.

(Parts per 100,000
by Welglit

of Ury Sand.)

23.9

32.6

26.6

32.2

80.5

25.3

23.3

23.8

42.3

22.1

17.4

27.3

Number
of Analyses

made.
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The Relation between Construction and Operation of Filters

AND the Quantity of Sand scraped from the Surfaces

to relieve Clogging.

The data obtained in 1893 upon this point are summarized in the

table below. These results cover the period May to November, in-

clusive. As far as can be judged from the analyses of the applied

water, it is believed that they are representative for the entire

year. The increased viscosity of the water during the winter

months, other conditions being equal, would probably reduce some-

what the quantities of waiter filtered between scrapings.

The depths of sand removed were calculated in each case from the

weight of the sand. It will be seen that in the case of those ex-

perimental filters having a maximum loss of head of 70 inches the

volume of sand removed, per million gallons of water filtered, was

in many cases approximately the same.

Summarij of ResriUs of Scrnjnnr/ of Water Fillers, May to November, 1S93.
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Conclusions.

1. The frequency of scraping increases with the fineness of the

material and as the available head decreases.

2. The intermittent filters under the existing methods of opera-

tion required scraping less frequently than the continuous filters of

the same construction, owing chiefly to a disturbance of the surface

sand by the air which is driven from the pores of the filter.

3. These results confirm the conclusions drawn from the studies

in 1892, except with regard to the effect of the method of applica-

tion of water. This discrepancy is doubtless explained by the fact

that Filters Nos. 35 A and 41 in 1892 contained, a foot or less from

the surface, loam layers, which, together with the method of opera-

tion then practised, prevented much air from escaping at the

surface.

4. As the filters grow old the sand becomes more compact.

This compactness and the accumulation of matter from the water

give the efiect of a finer material, requiring more frequent scraping.

(Filters Nos. 33A and 41 were disturbed to a depth of one foot in

July, 1893, while No. 34 A was not treated in this manner.)

The Water taken from the Merrimack River and applied

TO the Experimental Filters.

Water taken from the Merrimack River has been applied to all of

the water filters, and is brought through a two-inch galvanized iron

pipe, about four hundred feet long, from the north canal of the Essex

Company. The water is substantially the same as the river water

above Lawrence, which is applied to the city filter. The turbidity,

sediment and odor are usually very slight, but after heavy rains and

during the spring freshets the turbidity and sediment become very

marked. The results of analyses are given in the two tables below.

In the first table are given the analyses of the water as it was drawn

from the pipe. From May 12 until the discontinuance of the ex-

periments, December 8, cultures of B. j^i'odif/iosus, together with

the food on which these germs grew, were applied to the water which

supplied the several filters, for ten hours each day. The results of

analyses of the water after its inoculation with these germs are given

in the second table.
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Moidhli) Averages of Analyses of Canal Water {Merrimack River).*

[PnrtB per 100,000.]
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Detailed Account of the Work of the Several AVatee

Filters in 1893.

The remaining pages contain a summary of the weekly averages

of all bacterial results, followed by a brief description of the opera-

tion of each filter and monthly averages of both chemical and bac-

terial analyses. One bacterial sample was examined daily from each

effluent from January until May. These results arc more or less

abnormal because the conditions existing in the filters were abnormal

from time to time. This was caused partly by the formation of

channels at the sides of the iron tanks due to freezing weather, and

partly to the evolution of air by the water as it increased in tem-

perature, which produced channels within the filters. These condi-

tions were touched upon in the 1892 Report. It is believed that

they would not appear in large filters in actual practice. On ac-

count of these peculiar and unfavorable circumstances the results

obtained from January to May do not appear in the foregoing

discussion, and for the same reason the experiments were discon-

tinued during the winter of 1893-94.

General Plan of the Experiments.

Beginning May 12 B. prodigiosus was regularly applied to each

filter for ten hours a day on six days in a week. The general

plan of the experiments was the same as during the preceding year

(see the 1892 Report, page 529). A pure culture of this species of

bacteria was obtained by inoculation and growth for four days at

20° C. in a solution of one-tenth per cent, peptone and two-tenths

per cent, glucose in city water. This solution was applied to the

filters in the proportion of one part to three thousand parts of water,

at intervals of one or two hours during the day, according to the

rate of filtration. Throughout the experiments four examinations

were made daily of each of the etlhicnts, at a time when the water

from the applied doses was passing through the outlot-[)i})es. The

reasons that this species of bacteria was used are that it is easy to

difforentiatc from ordinary water bacteria and is a[)parently very

similar to the germ of tyi)hoid fever [of Ebcrth] in its mode of life

in the river water.

The experiments have been conducted with as much uniformity as

possible, and the system practised has been substantially the same as

that of the preceding year. Notes of the slight changes that have
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been made will be found in the proper places. When considering

the depths to which the tilter.s were reduced, largely by scraping, it

is to be borne in mind that this diminution is partly accounted for by

settling. In November most of the filters were filled with water

from below (in some cases very rapidly) after scraping, and this,

together with the very high rates of filtration, increased the average

number of l)acteria in the etHucnts.

In the first table below will be found the results of the mechanical

analyses of the sands in the various water filters. The undordrains

were 5 inches deep in each case. Filters Nos. 3 B and 8 A are each

one two-hundredth of an acre in area and are out of doors. The

other water filters are 20 inches in diameter, equivalent to one

twenty-thousandth of an acre, and are all placed within the buildings.

The second table beyond contains the weekly averages of the num-

bers of bacteria in the api)lied water and in the various etHuents.

Following this are brief descriptions and monthly averages of the

chemical and bacterial analyses of the efiluents of the several filters.

The report ends with a detailed account of the results of analyses

obtained from the Lawrence city filter and also from the duplicate

filters at the Experiment Station, Nos. 3 B and 8 A.

Mechanical Composilion of Materials usedfor Wafer Filters in 189--1.
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The " effective size " of the sand grains means that ten per cent, by

weight of the orains are finer than the diameter o-iven. The '* uni-
Cj CD O

formity coefficient " is the ratio A to B when the values of A and B
are such that sixty per cent, by weight of the material is finer than

A and ten per cent, finer than B. The "maximum rate" is the

maximum quantity of water, expressed in million gallons per acre

daily, which, at a temperature of 50° F., will pass through a filter

of clean sand with no air in its pores, and with no suspended matter

upon its surface when the acting head is equal to the depth of sand.

The sand in No. 48 is the same as in No. 49 ; No. 44 as in Nos.

46 and 47 ; No. 45 as in Nos. 3 B and 8 A ; No. 42 as in Nos. 35 A,

36 A, 37, 38 and 39 ; and No. 41 the same as in No. 33 A.

The sand in No. 44 corresponds quite closely with the *'No. 70"

sand in the Lawrence city filter, and No. 45 with " No. 50" sand

in the city filter.
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Fllter No. 18 a.

This tilter, 20 inches in diameter, contains sand of an effective

size of 0.48 niilliuieter and has been in operation since Sept. 17,

1889. The original depth of the sand was 62 inches. Up to

January, 1891, city water was applied in hourly doses, fourteen

hours a day on six days a week, at the rate of about one million

gallons per acre daily. The faucet at the outlet was always kept

wide open until Oct. 1, 1893, and the rate of filtration regulated at

the top. The outlet has never l)eeu trapped. With the exception

of a few scattering days river water taken from the canal has been

applied since Aug. 18, 1891. From January, 1891, to July, 1893,

the water was applied by an automatic arrangement in small doses

equivalent to 5,000 gallons per acre once in three to seven minutes,

days, nights and Sundays, according to the rate of filtration. On
July 17, 1893, the siphon attachment, by which the water was applied

intermittently, was removed and the water applied constantly for

sixteen hours a day on six days in a week. Beginning Octol)cr 1

the faucet at the outlet was closed at 5 a.m. daily after draining over

night and the water applied at the top ; after the surface was covered

the faucet was opened below to give the desired rate of filtration, and

the surface was kept covered until the water was shut off at 9 r.M.

With the exception of November 21 to 30 this method was followed

through the rest of the year.

No sand was scraped from the surface until November, 1892, when

it was necessary to remove 2^ inches in order to keep the action

of the filter intermittent. During the four years of its operation

the surface was scraped five times and 8 inches of sand were removed

without re[)lacement ; the water filtered in this time was equivalent

to 1,500,000,000 gallons i)er acre. The sand removed was equiva-

lent to 0.70 cu])ic yard per million gallons of water filtered. It will

be seen that this quantity agrees approximately with some of the

results from other filters presented on page 487. On October 9

clean sand was added and the filter restored to its original depth.
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Monlhlij AveriKjcs oj Analyses of EfflueiU oj Filter No. 18 A.
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Monthly Averages of Analyses of Affluent of Filler No. 33 A.

[Parts per 100,000.]
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Monlhli/ Averages of Analyses oj E[fluent of Filler No. 34 A.

[I'arU per 100,000.]
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Monthly Averages of Analyses of Effluent oj Filter No. 35 A.

[Parts per luO.OOO.]
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Filter No. 37.

This liltcr was constructed on April 18, 18It2, unci contained

originally Gl inches in depth of sand having an effective size of 0.20

millimeter. It was operated continuously until June 25, 1S93,

when the experiment was discontinued, owing to an accident which

ha[)pened to the tank.

The results oJ)tained from this filter arc more or less affected 1)y

evolution of air from the wafer and the formation of channels at the

sides of the iron tank, as is indicated l)y the results of the analyses

below and by the fact that this filter of medium fine sand was oper-

ated for more than three months during the w^inter without scraping.

It was scraped on June 19 to relieve clogging, and 0.20 inch was

removed. The depth of sand on this date was 55 inches.

Monthly Avcragca oj Analyses of Effluent of Filler N^o. 37.

[Parts per 100,000.]
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Ions per acre, and the sand removed was equivalent to 1.06 cubic

yards per million gallons.

The sand removed by scraping was not replaced with clean mate-

rial until Sept. 12, 1893. The depth of sand was about 14 inches

on that date, when the filter was refilled to its original depth. From
this time on the sand was replaced at the time of scraping. The

addition of new sand in September caused a greater (percentage)

removal of color.

Monthly Averages of Analyses of Efjiucnt of Filter No. 3S.

[Tarts per 100,000.]
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Ions per acre. It was scraped on an average once in 7 days, and

the sand removed was equivalent to 1.55 cubic yards per million

gallons.

The depth of sand in the filter at the time the experiment was

brought to an end was about 0.5 inch. In addition to this, how-

ever, there were 5 inches of underdrains, some of the material of

which was fairly fine.

Monthly Averages of Analyses of E^tient of Filler No. 39.

[I'lirtB per 100,000.]
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relieve clogging, — an average of once in 22 days. The average

depth removed at a scraping was 0.19 inch ; the average quantity

of water filtered between scrapings was equivalent to 56 million

gallons per acre ; and the sand removed was equivalent to 0.46

cubic yard per million gallons.

Until Nov. 15, 1893, the sand removed by scraping was not re-

placed with new material, but on that date the depth was restored

from 52 inches to its original depth of 60 inches. After this date

the sand was replaced at the time of scraping.

Monthly Averages of Analyses of Effl.ueni of Filler No. 41.

[I'arts per 100,000.]
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Ions per acre ; and the sand removed was equivalent to 1.11 cubic

yards per million gallons.

The sand removed by scraping was not replaced with clean mate-

rial until September 9. The depth of sand was then about 7 inches,

and the filter was refilled to its original depth. From this time on

the sand was replaced at the time of scraping. The addition of new
material in September caused a greater (percentage) removal of color.

Monthly Averages of Analyses of Effltieyit of Filter No. 42.

[PartB per 100,000.]
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Monthly Averages of Analyses of Effluent of Filter JS'o. 43.

[Parte per 100,000.]
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Filter No. 45.

This filter svas constructed July 10, 1893, and contained 60 inches

in depth of sand of an etFective size of 0.23 millimeter. It has

been operated intermittently after the same method that was used in

the case of No. 41 (see page 503). "With respect to size of sand

grains it resembles most closely the continuous filter No. 43.

From July 10 to December 8 the surface was scraped 4 times.

This was an average of once in 35 days. The average depth removed

was 0.28 inch, and the average quantit}' of water filtered between

scrapings was equivalent to 78 million gallons per acre. The sand

removed was equivalent to 0.48 cubic yards per million gallons.

The sand removed up to October 27 was replaced with clean

material on that date, and after that time the sand was replaced at

the time of scraping.

Monthly Averages of Analyses of Effluent of Filter No. 45.

[Parts per 100,000.]

Date— 1893.

July,

Auguat,

September,

October,

November,

December,

Qaantity
of

Effluent.

Gallons
per Acre
Ually.

1,500,000

1,920,000

1,740,000

1,800,000

3.560,000

5,760,000

Tempera-
TCBE.

Deo. F.

u
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Monthly Averages of Analyses of Effluent of Filter No. 46.

[Parts per 100^00.]
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Filter No. 48.

This filter was put in operiition Sept. 9, 1893, and contained 60

inches in depth of sand of an effective size of 0.38 millimeter. It

has been operated intermittently in the same way as No. 41 (see

page 503 )

.

Up to December 8 it was scraped but once, — 71 days after it was

first put in operation. The depth removed was 0.88 inch, which

was equivalent to 0.66 cubic yard per million gallons of water. The
quantity filtered up to the time of the scraping was equivalent to 181

million gallons per acre.

Mojithly Averages of Analyses of Effluent of Filler No. 4S.

[Parts per HW.OOO.]
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Jfojithhj Averages of Analyses of Efflue^it of Filter No. 49.

[Parts per 100,000.]
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quantity of efHuent yielded up to ]\Iay 1, 1894, was equivalent to

356,101,100 gallons per acre, which is an average daily rate of

1,650,000 gallons per acre, or 1,925,000 gallons for each of the six

days weekly on which it was actually operated. The first occasion

on which the filter failed to yield water at the prescribed rate was

on December 19, when the total quantity of effluent was equivalent

to 153,105,500 gallons per acre. The outlet gate was closed, with

the surface covered, from 9.25 to 10.25 a.m., during which time the

air that had been held in the pores of the sand bubbled up through

the surface and caused the water level to drop 5 inches. This treat-

ment was repeated on Dec. 24, 1893, Jan. 13, 15, 16 and 17, 1894,

Ice was removed from the surface, in order to facilitate the dis-

placement of air by water within the filter, as follows : January 4,

2 to 8 inches; January 16, 4 inches; February 26, 6 inches. The

ice was broken along the edges on January 15, when it was 6 inches

thick. The filter was drained every night, and from 1 to 3 inches

of frost frequently appeared at the surface and caused an unfavorable

elFect upon the removal of bacteria and upon nitrification during

the winter months (see pages 468 and 481). On Jan. 31, 1894, a

wooden conduit, similar to the lateral conduits at the Lawrence city

filter, was placed across the middle of the surface to aid in the distri-

bution of the water. The filter was scraped about 0.6 of an inch deep

on ^larch 17, 1894, and the surface ridged ; the depth of sand at the

sides, at right angles to the conduit, was increased 6 inches, and the

surface graded ofi" toward the centre, somewhat similar to the arrange-

ment of the surface of the Lawrence city filter. It was not necessary

to scrape the surface at this time to relieve clogging, as the loss of

head was only 18.5 inches on this date. The total quantity of efflu-

ent up to this time Avas equivalent to 295,226,500 gallons per acre.

The discolored and partially clogged sand removed was equal to 0.27

cubic yard per million gallons. The reason that this filter yielded

so much more water without scraping than No. 8 A, its continuous

mate, was that the method of operation practised caused a dis-

turbance of the accumulating sediment on the surface. The ellect

of this was also felt in the bacterial results, as will be seen beyond.

In the tables on the pages beyond are presented the daily results

obtained from Filters Xos. 3B and 8 A, and in the foot-notes men-

tion is made of all special features in the operation of the filters.

Filter No. 8 A has been operated continuously since September

26 at the rate of 7 gallons per minute, equivalent to 2,016,000 gal-
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Ions per acre daily. The rate of filtration, which is controlled by a

gate on the outlet pipe to which no trap was attached, was reduced

on February 27 to 5 gallons per minute, owing to a reduction in the

quantity of water delivered by the inlet pipe. The total quantity of

effluent yielded up to May 1, 1894, was equivalent to 359,850,300

gallons per acre, which is an average daily rate of 1,660,000 gal-

lons per acre. During this period the surface was scraped six times,

as follows: October 24, November 13, December 2, February 21,

March 17 and April 23. The depth removed in each case was about

0.3 of an inch, which is equivalent to 0.70 cubic yard per million

gallons on an average. The average quantity of water yielded be-

tween scrapings to relieve clogging was 58,200,000 gallons per

acre; the minimum, 36,900,000 gallons; and the maximum, 147,-

600,000 gallons per acre. The average number of days between

scrapings was 35, the minimum 19 and the maximum 81. During

the latter period (December 2 to February 21) the filter became

clogged seven times, as follows: December 29, January 16, 26 and

29, February 10, 12 and 19. On each occasion the prescribed

quantity of water failed to pass through the filter with the gate on

the outlet pipe wide open. The pores of the sand at these times

contained considerable air ; how much of it was evolved by the

water is not definitely known, but it appears now that the greater

part came through the untrapped outlet pipe, which was only partly

filled with water on these days. By shutting the gate on the outlet

pipe the air rose to the surface and disturbed the layer of accumu-

lated sediment sufficiently to allow filtration to proceed for some

days. To facilitate the displacement of air within the pores by

water the ice Avas removed as follows : December 29, 3 to 8 inches

;

January 16, 2 to 8.5 inches ; January 29, 6 inches ; February 12, 3

to 6.5 inches; February 21, 2 to 6 inches. The ice was broken

along the edge on February 10 and 19. The space above the top

of the sand was 9 inches. It is probable that scraping could have

been considerably longer postponed by continuing this method of

treatment. The filter was scraped on March 17 for the sake of get-

ting conditions for experiments comparable with those in No. 3 B.

The filter was not clogged on that date. Neither filter was at any

time protected from the weather.

The monthly averages of the results of chemical and l)acterial

analyses, which have already been discussed, are presented in the

following tables :
—
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Monthly Averages of Analyses of Merrimack River Water taken from the

and ajjplied to Filters Nos. 3 B and 8 A.

[Parts per 100,000.]

Ca)ial
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j\io7ithly Averages of Analyses of Effluent of (Co7iti7iuous') Filter No. S A.

[Parte per 100,000.]
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the filter from the top, and thereby increase its bacterial eflScieucy.

The average of the results given above show that during the period

November to April, inclusive, this filter allowed 2.13 per cent, of the

number of applied bacteria to pass through into the effluent. These

results, however, cover only the first eight hours of each day's flow,

and it has been learned that during the latter half of the flow (4

P.M. to midnight) the efficiency is practically the same or a very little

greater than at 4 p.m. Averaging then the results obtained at 4 p.m.

with the total average for the first half of the day (8 a.m. to 4 p.m.)

we find that 1.93 per cent, of the number of applied bacteria passed

through,— a removal of 98.07 per cent.

Monthly Averages of Bacterial Results from {Continuous) Filter No. 8 A.

Total
Quantity of

Effluent
for Jloiith.

Gallons per
Acre.

October, .

November,

December,

63,200,400

56,953,600

60,958,800

1804.

January
|

56,835,600

February
I

40,765,200

March 39,995,200

April
I

41,141,500

Bacteria
per Cubic
Centimeter
In Applied
Water.

23,000

7,900

10,200

7,100

8,200

7,700

12,700

Bacteria per Cubic Cektimeieb is
EFFLfKNT.

.
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Filter No. 3B {Intermittent).
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Filler No. 8 A (Conliyiuous).
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Filler No. 3 B {Intermittent) — Continued.
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Filler No. SA {Contimcous) — Continued.
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Filler Xo. 3 B (Inlej'mitloit) — Continued.
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Filter No. 8 A {Continuous) — Continued.



522 STATE BOARD OF HEALTH. [Pub. Doc.

Filter Xo. 3 B (Intermiite^ii) — Continued.
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Filler No. 8 A {Continuous) — Continued.
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Filter No. 3 B {Intermittent') — Continued.
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Filter No. 8 A (Continuous) — Continued.
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Filter No. 3 B {Interviittenf) — Continued.
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Filler No. 8 A {Continuous) — Continued.
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Filter No. 3 B {Intermittent) — Concluded.
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Filter No. 8 A {Continuous)— Concluded.
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Lawrence City Filter.

This filter was first put in use Sept. 20, 1893. The construction

and operation of the filter are fully described in an article beyond by
its designer, Mr. Hiram F. Mills, A.M., C.E., chairman of the

committee on water supply and sewerage of the State Board of

Health. Briefly, it is 2.5 acres in area; the underdrains conduct

the efliuent to a collecting conduit and thence to the pump well.

The nominal capacity of the pumps is 5,000,000 gallons in 24 hours,

and when pumping at this rate water passes through the filter at a rate

of 2,000,000 gallons per acre in 24 hours. The average daily con-

sumption is a little over 3,000,000 gallons, and the pumps work on

an average about 16 hours ; under ordinary circumstances, the sur-

face of the filter is uncovered and the sand drained about 8 hours

daily. The efliuent is pumped to the open distributing reservoir,

which is 25 feet deep at the high-water mark and has a capacity of

40,000,000 gallons.

Very frequent analyses, both chemical and bacterial, have been

made of the Merrimack River water before and after its passage

through the filter, as it leaves the reservoir, and from taps at the

City Hall and Experiment Station, which are distant about 1.5 and

2.5 miles, respectively, from the reservoir. A summary of the

results of these analyses is presented below.

Monthly Averages of the Analyses of the Merrimack River Water as it flows on

to the Lawrence City Filter.

[Parts per 100,000.]
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Monthly Averages of Analyses of Effluent from the City Filter.

[PartB per 100,000.]
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Monthly Averages of Analyses o^f Water jrom a Tap at the Lawrence City Hall.

[Parts per 100,000.]
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Monthly Averages of Daily Bacterial Resultsfrom the Lawrence City Water.

Bactebia per Cubic Centimetkr is Water from

«,„._ I Effluent ' Resen-olr CItv Hall I Experiment
*" '"^'

at Filter.
;

OuUet. Tap. ;.Stailon Tap.

1893.

October,
November,
December

1894.

January,
February,
March
April,

Averages

Average per cent, of number removed,

Average per cent, of number of river bacteri i

remaining in water,

20,900
7.500

9,800

7.300
8,200
8,000

14, 700

10,900

558
245
200

140
250
222
232

264

97.58

146
117
152

80
130
220
127

139

98.73

1.27

127
68
92

115
80

90

99.17

136
71
72

82

99.25

0.75

In the table above all results are included in the averages. Some
of these results were obtained under abnormal conditions, and in the

table below are presented averages from which are excluded the

results from October 1 to 17, which were obtained before the filter

arrived at its normal efficiency ; those of November 27, 28 and De-

cember 4, when high numbers were present in the effluent, which

were doubtless caused by lowering the suction pipe in the pump well

and thereby disturbing the sediment which had collected there before

the filter was put in use ; and the results from February 20 to March

12 when the water passed through a very limited area of the filter.

Monthly Averages of Bacterial Results shoioing the Normal Efficiency of the Law-
rence City Filter.

1893.

October
November
December, ....

1894.

January
February, ....
March
April

Averages, ....

Bacteria ii i: i i r.ir Ckntimeter
IX W.MKi: llloM

8,700
7,200

9,700

7.300
8,000
7,100

14,700

9,000

Effluent at
Filter.

130
177
141

140
1S5
100
232

Per Cent.
of Number

of Klvor Bacteria
wlilch

appenrod In the
Ktlluent.

1.50
2.46
1.45

1.92
1.56
1.41
1.68

1.67
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These results show that during this period the normal efficiency of

this filter in the removal of bacteria was 98.33 per cent, of the num-

ber applied.

In the next table are given the results of the bacterial examination

of series of samples of the effluent of the city filter taken at different

hours during the day. The pumps were started between 7 and 7.30

A.M. All things taken into consideration, the results are quite

uniform under ordinary circumstances. Both the bacterial and the

chemical analyses indicate that some ground water at times is mixed

with the effluent.

Table shoiving the Number of Bacteria per Cubic Centimeter at Different Hours in

the Effluent of the Lawrence City Filter.
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Daily Bacterial RestiUs, Lawrence Cit'j Water.

[Bacteria per cubic centimeter.]
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Daily Bacterial Results, Lawrence City Water— Continued.

[Bacteria per cubic centimeter.]

Date — 1893.

ICovember 1,

9,

10,

11.

12,

13,

14.

15,

16,

17,

18,

19,

20,

21,

22,

23,

24,

25,

26,

27

28,

29,

30,

In River
Water.

6,000

3,500

4,300

6,800

4,700

6,500

4,400

4,600

' 5,600

6,000

6,000

8,900

4,700

6,900

5,000

6,400

Ix Filtered Water from

12,500

8,200

8,200

15,600

9,500

9,800

9,800

13,500

12,300

6,800

83

180

204

130

135

90

240

194

310

240

140

1,008

420

Reservoir
Outlet.

Tap at
City Hall.

110

120

83

135

145

83

90

135

180

112

150

100

58

170

210

80

40

95

50

60

62

46

100

43

75

00

70

70

130

Total quantity of effluent for month, 82,887,335 gallons.

Oate on Inlet pipe fixed November 15 nnd 16.

Bucllon pipe In pump-wrell lowered November 27.

The Becond scraping of the Burfacc, about .', inch deep, was completed November 29 and 30.
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Daily Bacterial EesuUs, Lawrence City Water— Continued.

[Bacteria per cubic centimeter.]

Date— 1898.

December 1,

3.

4,

5,

6,

7,

8,

9.

10,

11.

12,

13,

14,

15,

16,

17,

18,

19,

20,

21,

22,

23,

24,

25,

26,

27,

28,

29,

30,

31,

In River
Water.

12,300

15,500

13,000

11,700

11,000

11,900

11,100

10,400

9,400

8,500

9,600

9,000

7,400

10,200

12,800

8,900

11,600

8,000

9,100

8,300

10,300

6,800

5,300

I

5,800

I 7,600

In Filterkd Water fbom

Filter.

840

240

125

100

158

120

Reservoir
Outlet.

65

117

135

Tap at
City Hall.

100

73

180

128

140

110

70

76

Tap at
Experiment

8tatlon.

68

84
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Daily Bacterial Besults, Lawrence City Water— Continued.

[Bacteria per cubic centimeter.]
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Daily Bacterial BesuUs, Lawrence City Water— Continued.

[Bacteria per cubic centimeter.]
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Daily Bacterial Results, Lawrence City Water— Continued.

[Bacteria per cubic centimeter.]
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Daily Bacterial Results, Lawrence City Water— Concluded.

[Bacteria per cubic centimeter.]
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THE FILTER OF THE WATER SUPPLY OF THE CITY OF

LAWRENCE AND ITS RESULTS.

Bv HIRAM F. .M[F>LS, A.M., C.K.,

Member of the State BoARn of Health of Massachusetts.

The Lawrence pumping station is hy the side of the Merrimack

Eiver above the city and about a thousand feet up stream from the

nearest house. The water was drawn from the river throuirh a

thirty-inch iron pipe continued to the engine house by a brick con-

duit four feet in diameter. At right angles with this conduit, and

extending down stream from the engine house for three hundred feet

along the shore, was a stone and brick filter-gallery eight feet wide

and eight feet high in.side, the bottom of which, as well as the bottom

of the conduit from the river, was about level with the bottom of the

pump well under the engine house and eleven feet below low water

in the river.

The river water brought so much silt at the lime of the spring and

fall freshets that the shore became impermeable, and soon after the

works were constructed it became evident that the tilter-gallery

received little or no water from the river side and the quantity

received from the land side was insignificant. The works have been

in use about seventeen years. For some years after they were built

there was a diminution in the number of deaths by typhoid fever

from the number when well water was used, and no one thought of

direct poi.soning by sewage of the water taken from the river nine

miles l)elow Lowell with a fall of ten feet through a rapid a mile long

on the wa}'. Many mjide the remark that running water purified itself

in a less distance and put away any fear of contamination, while a

few did not like to drink water into which the sewage of seventy

thousand people was poured onh' eight hours before it reached the

intake of the water works.

Shortly after the State Board of Health was reorganized in 1886

the Experiment Station was established at Lawrence, and it was

soon found that all of the bacteria in sewage, amounting generally to
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several hundred thousaud in every thimbleful, could be removed by
slow intermittent filtration ; also, that the same result could be at-

tained by filtering water at a more rapid rate, but not at a rate that

rendered it practicable to apply to a city's water supply. Experi-

ments of the Board with rapid mechanical filters showed a large

percentage of the bacteria remaining in the filtered water, and

experiments at Berlin indicated that the continuous filters of that

city allowed some of the germs of typhoid fever to pass through

;

enough to cause sickness in the city.

In 1890 a careful study of the deaths from typhoid fever in the

cities of the State showed that the cities of Lowell and Lawrence

had nearly three times the average number, from the same popula-

tion, in other cities ; and that during the season— August, Septem-

ber and October— when other cities had the most typhoid fever,

Lowell and Lawrence had about the same number as other cities,

but a month or more later the deaths in Lowell reached three and

four and eight times the deaths in other cities, and after another

month those of Lawrence increased by a still greater ratio, so that

in some years the deaths in January and February from this disease

were more than the actual number in Boston, with ten times the

population. This condition, following year after year, made it so

evident that the disease came down the river to Lowell from the

cities and towns above, and then came with greater intensity from

Lowell to Lawrence, that the State Board of Health made strenuous

efforts to produce a filter that would remove all disease-producing

germs that could be applied to it, and at the same time filter rapidly

enough to serve for a city's water supply. Billions of typhoid-fever

germs were cultivated and applied to filters of different construction,

and in 1891 we succeeded in removing all that were applied when

filtering two million gallons per acre daily. Then the Board advised

the city of Lawrence to filter its water, and offered to show how to

do it.

Such a filter would require some layers of quite fine sand, and it

was thought necessary to first take out the very fine river silt from

the water by means of a coarser sand filter at the river bank. Fur-

ther experiments showed that the construction of a filter at the

river biink with a sand coarse enough to allow the river silt to be

deposited upon it, if removed promptly, would serve to remove

ninety-eight per cent, of all of the bacteria of the river water and a

still larger per cent, of the disease producing germs ; and considera-
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tions of economy and the immense advantage of such a filter with

the probability of this or none, with an unbelieving public, induced

the State Board of Health to advise the city to immediately con-

struct such a filter and save the fifty-seven lives, which was the

annual excess of deaths by this disease over that of the same num-

ber of inhabitants in cities of the State having a good water supply.

In 1«92, in view of the possibility of cholera getting into Lowell

and making it necessary to cut off the Lawrence water supply, the

city government made an appropriation for beginning the work of

constructino; the filter in accordance with the advice of the State

Board of Health and under its direction.

The oreneral desiiru was to excavate the bed and ])ank of the river

to seven feet below low water for a width of about one hundred and

fifty feet out from the old filter-gallery and from the high water

shore down stream from this, making a length of about seven hun-

dred and fifty feet and an area of excavation of two and one-half

acres (see Plate L, Fig. 7). The suitable material from the excava-

tion was to be put into a tight embankment, on the ends and river

side, carried to nine feet above low water in the river or high

enough to exclude the highest freshets. The excavation was to be

then filled for a depth of about five feet with suitable filtering sand

properly underdrained into the old filter-gallery and into a small

perforated conduit in extension of the gallery.

The top of the sand, being two feet below^ low water in the river,

could by a proper inlet be flooded by gravity to a depth of about two

feet, thus forming a shallow pond of two and a half acres area, which

would gradually filter downward through the sand to the underdrains

and be conveyed to the old gallery, and through this to the pump-

well.

One of the essential qualities of the design required that the inlet

water should be shut off once a day and the pumps kept running

until the sand was uncovered and the water within the sand drawn

out, so that the sand could fill with air from top to bottom.

This condition of filling the sand with air daily was regarded

necessary to insure the burning up of the organic matter which pene-

trated the sand below the surface and forming nitrates in the water,

thus producing conditions the most unfavoral)Ie for the continuation

of the life of bacteria within the water in their passage through the

sand and in the water after leaving the filter.

There is ncarlv air enough in our drinking waters to supi)ly the
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oxygen which is necessary to carry on the process of nitrification

when the water comes in contact with the grains of sand which have

nitrifying bacteria adherent, but the addition of the air which enters

the sand by drawing the water out of it once a day causes a more
complete burning up of the organic matter in the water, which is the

nitrifying process spoken of.

The question may arise, if water contains so much air why does

not nitrification take place in the reservoir? The reason is that

nitrification will not take place unless the water with the air comes

in contact with certain bacteria which in some unknown way cause

the process to be carried on. These bacteria attach themselves to

the grains of sand of the filter and remain there, and when air is

present they can in a short time cause the nitrifying process to be

carried on so completely that nearly all of the organic matter in the

water is burnt up, and with this burning the disease germs in the

water are killed.

The carrying out of this design required some original investi-

gations upon the head required to convey a definite quantity of

water through sands of different size of grain and through gravel

stones of difierent sizes. The circumstances of the location would

allow an expenditure of head of one and a half feet when the surface

of the sand was clean, throuo;h the sand and through the underdrains

and conduit to the pump-well, when drawing the full quantity of

2,000,000 gallons per acre per day, or 5,000,000 gallons for the

field.

The sand selected to meet these conditions was of two sizes, the

finer of the two being placed directly over the underdrains and for

five feet each side of them ; and the coarser occupying the remain-

ing twenty feet between the drains, and through which the water

would move laterally and use up about the same amount of head as

wlicn flowing directly downward through the finer sand.

The coarser sand was such that 70,000,000 gallons would flow in

twenty-four hours through a foot in depth, covering an acre, with

the expenditure of one foot head ; and the finer sand would convey

50,000,000 gallons under the same conditions. In moving ver-

tically downward five feet through the finer sand, 10,000,000 gal-

lons would flow through with the expenditure of one foot of head, but

the water moving laterally through the coarser sand toward the under-

drain would crowd the stream in the finer sand below the surface so

that the water going through the surface in a width often feet would
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be, near the bottom, pressed into a channel of perhaps not more than

five feet in width and thus decreasing the quantity that could pass

with one foot head to perhaps 7,000,000 gallons pev acre per day.

As the water was to flow through the sand wiih a daily intermis-

sion of several hours, the actual time of llowing would be, say two-

thirds of the day, and would allow between four and five millions to

pass. This is the quantity that could pass with one foot loss of

head through the sand when the surface of the sand is clean, but the

fine mineral sediment and the organic matter brought by the river

water choke the surface and reduce the quantity of water that can pass

through, and in order not to have to clean the surface too frequently,

the sand when clean should be able to convey two or three times the

quantity required.

It was exj)ected, fVom experiments that had been made with this

water, that ordinarily with sand grains of the sizes here used, the

surface would have to be cleaned by removing from an eighth to a

quarter of an inch and replacing with clean sand once a month, and

that during freshets, when more sediment comes in the river water,

the surface would have to be cleaned oftener.

If the surface should not be cleaned as often as necessary, the

result would be a lowering of water in the pump-well and if

neglected until the surface became so impervious that the one or

two feet in depth of water aver the surface were not sufficient to

force the required quantity through the upper layer, the drawing

down of the pump well to the bottom of the sand would give no

relief, the surface would have to be cleaned.

Economy of construction, the providing for a nearly uniform rate

of filtration through every square foot of the area of the filter, and

api)lying the water to the surface of the sand in a valley so that as

it is filled daily there will not be a current over the surface of the

sand sufficiently rapid to move the sand grains, caused the following

section to be adopted.

The underdrains were arranged to l)e thirty feet apart. The ex-

cavation was not made to a uniform depth of seven feet below low

water in the river, but was made to the depth of eight feet for a

width of five feet where the underdrains were to be, and to the depth

of six feet for a width of five feet at ridges between the underdrains,

with slopes of one foot in ten feet between (see Plate I., Figs. 3, 4, 5

and 6). Over these ridges the sand was tilled only to the dci)th of

three feet for a width of five feet and beyond this the surface of the
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sand rose one foot in twenty feet and then ran level for five feet at

a height of six feet above the bottom. Such ridges and hollows

formed the general longitudinal section of the bed.

The direct conduit through which water was formerly supplied to

the pump-well from the river is at the up-river end of the filter-bed

(Plate I., Fig. 1). It is furnished with a gate at the inner end, and

the top was pierced and a chimney built about forty feet outside of

the engine house, and projecting through the side of this chimney were

set two iron pipes two feet in diameter with a gate in each, having

its centre two feet below low water in the river. One of these is

intended to supply an extension of the works up the river ; the other

discharges into an open conduit which extends along the inside of

the embankment nearly the whole length of the bed. At the upper

end the section is a semi-circle six feet in diameter. The edge

toward the bed remains level throughout its length at three feet

below low water of the river, but the bottom rises gradually from

three feet below the edge to six inches below at the lower end, and

this continues by a curve and crosses the bed in the down-river valley

with the edges level, but the bottom rises so that the depth at the

end is only one inch. In each of the valleys, thirty feet apart,

extends from this main conduit a shallow carrier of concrete lined

with cement mortar, having its edges level with the edge of the con-

duit, and extending from the conduit to thirty-two feet from the oppo-

site side of the bed. These are two feet wide and three inches deep

at the conduit, and one foot wide and one inch deep at the end. In

this way there are formed edges of water carriers at the same level

and about one and one-third miles in length, over which the water

reaches the sand, and as within two feet from these edges the surface

of the sand rises with a slope one foot in ten there is very little per-

ceptible current over the sand as the water leaves the carriers.

The conduit is made of cobble paving stones four to six inches

through, laid in Portland cement mortar on a layer of gravel eight

inches thick and made smooth within by a coat of mortar. The

carriers are made of cobble stones about four inches in diameter,

laid in Portland cement mortar on the sand, and made smooth

within. At the junction with the conduit the carriers are widened

by curves to prevent washing of sand at the turn.

The underdrains enter the old filter-gallery through holes cut in

the wall. (See Plate I., Fig. 2.) Glazed sewer pipe surrounded

by stones are used for about four-tenths of the distance from the
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gallery across the bed, beyond which are layers of stones of different

sizes without pipes. Beginning at the gallery is one length of ten-

inch pipe, then two lengths of eight-inch pipe, then from thirty-tive

to sixty-five feet of six-inch pipe, ending with three lengths of four-

inch pipe. These pipes are laid apart so that the spigot approaches

but does not enter the bell, and they are surrounded by a layer of

about four inches of stones about two inches in diameter. (See

Plate I., Figs. 3, 4, 5 and 6.) Other layers, decreasing in size

through one and one-half inches, three-quarters of an inch, three-

eighths of an inch and three-sixteenths of an inch, are applied in the

form shown by the sections and plans, and the latter being spread

out to a width of seventeen feet is covered by one inch of coarse

mortar sand which spreads to a width of twenty feet. Upon this

rests the filtering sand from four to five feet deep.

The valley in the excavation is deepened in the part occupied by

the pipe so that the pipe has a slope of one foot in one hundred feet.

The pipe was applied as far from the filter-gallery, or conduit in ex-

tension of the gallery, as it and the stones surrounding it cost less

than the much larger area of stones required to give the desired free-

dom of flow. Beyond this the large stones were spread out to the

widths and with the depths required to give the desired flow.

To determine how much head would be used in flowins: throusfh

layers of sand and la3^ers of stones of difl'erent sizes experiments

were made under my direction by Mr. Allen Hazen, the chemist in

charge of the Experiment Station of the State Board of Health. As
is well known, the head required to convey water through ordinary

pipes varies with the square of the velocity, but with extremely

small pipes and through the interstices of fine sand the head required

to convey water varies with the velocity and with the temperature,

more head being required with colder water. Through coarse sand

and through gravel stones the head varies with powers of the veloc-

ity between the first and second powers, increasing with the size of

the grains or of the stones. For sands, ten per cent, of whose grains

are as small as two millimeters or eight-hundredths of an inch in

diameter, the quantities of water that would pass through an acre in

area with diflerent depths and sizes of grains were determined by the

following formula deduced from experiments which had i)een made
up to the time of constructing this filter: Qz=^*''- in which Q ex-

presses the quantity of water in million gallons per acre per day, h

the actinir head in feet, 1 the distance (lowinir throui^h the sand in
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feet, and d the maximum diameter in millimeters of the finer ten per

cent, of the sand grains.

This formula expresses quite satisfactorily the quantity of water

that will pass through clean sand from which air has been pushed

out when the temperature is about 50° Fah., and is convenient to

use in comparing sands of different sizes ; but Mr. Hazen found that

the resistance was nearly twice as great when the temperature was

near the freezing point as when at summer heat, and he afterward

determined an expression from the experiments, giving the velocity

of flow through sands at any temperature, which may be found on

page 553 of the Report of the State Board of Health for 1892.

The sand used in the Lawrence filter which was placed directly

over the underdrains and five feet on either side had the coarser

grains of the finer ten per cent, twenty-five hundredths of a milli-

meter in diameter, and by the above formula when the head used is

equal to the distance which the water passes through the sand the

quantity of water that could pass through an acre in twenty-four

hours would be fifty million gallons. If two million gallons were

applied to an acre in sixteen hours, or the equivalent of three rail-

lion gallons in twenty-four hours, and this were crowded into one-

half its area near the bottom of the sand, by the lateral pressure of

the water coming towards the underdrains through the ten feet of

coarser sand on each side, the resistance would be like that of four

and a half million gallons traversing six feet in depth of sand, for

which the head required would be fifty-four hundredths of a foot.

As the circumstances here allowed of a loss of head through the

sand of one foot, the remaining head, from fifty-four hundredths to

one foot, was the amount allowed for increased obstruction through

the sand due to air and to lower temperature.

By a similar process of computation the coarser sand occupying

the remaining twenty feet of the thirty feet between underdrains

was found to be able to convey its proportion of the water to the

underdrains with a like loss of head; hence the arrangement pre-

sented by these sections enabled all parts of the area of the filter to

transmit nearly their proper quantity of water.

With this loss of head through the sand when clean, there would

be a noticeable inci'ease in loss hy a slight deposit of sediment upon

the surface, and dei)ending upon this narrow mai'gin it was deemed

practicable to construct and use for a tern) of years a single bod

which ^vas to be cleaned regularly each month, a portion being
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cleaned every day during the interval when the bed is resting ; and

this portion when cleaned is not capable of conveying so large a

quantity of water that it cannot be properly purified in its passage,

unless there be an extreme drawing down of the head which would

require very close watching at the pumps.

When it becomes impracticable to })roperly purify the full amount

of the city's supply by the present bed it is designed to construct

another bed extending up the river from the intake, to be supplied

by the second two-foot valve mentioned as built into the side of the

chimney rising from the old intake.

We have followed the water through the sand and considered the

head lost in its passage. There is still some head to be used in

passing through the layers of stone and the underdraining pipes.

In considerin<r the loss of head throu<;h tine sand antl through

coarser material to very large gravel stones, we find the loss increas-

ing with the first power of the velocity, and with powers increasing

with the coarseness from the first to the second power of the velocity ;

hence the most convenient method of presenting what our experi-

ments have shown is in the form of a table which was used in distrib-

uting the remaining allowable loss of head of about half a foot in

addition to the one foot through the sand, so that it should still serve

to make the passage of water nearly uniform from all portions of the

surface of the bed.

This table, though capable of improvement by additional data, led

to conclusions which proved satisfactory in this case.

Quanlily oj Water Flowing through Gravel Stones at Different Ueads

[Quantity flowing in 1,000,000 giillons per acre dally.]

Loss or IlBAD IN
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By the aid of this table the underdrains, formed of layers of stones

of different sizes, were proportioned as shown in the accompanying

plan and sections. The larger stones were selected by hand, and if

soiled Avere washed. The smaller sizes were selected by screening,

and in this way all sand was removed. The stones of the two larger

sizes were carefully placed at the open joints of the pipes to allow

water to enter as freely as possible ; the other layers were shovelled

to place.

In extension of the old filter-gallery, to serve to conduct the water

from the down-river underdrains to the gallery, a conduit was built

with walls four inches thick of brick laid in Portland cement mortar,

with the mortar left out of the end joints, which were a little more

than an eighth of an inch wide. This conduit was two feet in

diameter for a length of 105 feet, then 20 inches in diameter for a

length of 120 feet, then IG inches in diameter for a length of 05

feet, then 12 inches in diameter for a length of oO feet, beyond

which were ten-inch, eight-inch and six-inch glazed pipes, in lengths

of 30 feet, laid as in the underdrains. This conduit was surrounded

by the large stones 2 inches in diameter for a thickness of 4 inches,

with layers of decreasing sizes around this, making a total thickness

of about 8 inches.

Great care was taken to deposit the filtering sand so that the mass

should be as homogeneous as possible. It was deposited in two

layers. The first layer was covered with planks as fast as laid, upon

which the loads were hauled, and these were dumped upon the planks

near the edge, so that a part of the load ran over the bank and the

other part was shovelled over. If the edge of the bank remained

exposed to the wind and sun the coarser material would appear on

the surface and run down. Such an edge was shovelled over before

an addition was made.

The second layer was dumped upon the planks resting upon the

lower layer and shovelled up to grade, and upon taking up the planks

the low(!r layer was shovelled over to the depth of one foot and a

half to remove the packing of the sand which was evident under the

planks, sometimes to a depth of one foot.

It will be evident that watchful care was necessary in laying the

underdraining stones to sec that no bar of finer material crossed it in

any dii'cction. In fact, the success of the (liter depended largely

upon eareful and conscientious superintendence of the construction

of the underdrains and the bed. This was accomplished by Mr.
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Charles C. Campbell, who had au intelligent ai)preciution of the

essentials to success and most scrupulous care that the work should

be done as directed.

Sand for the lilter was obtained from a bank about seven-eighths

of a mile away, where layers and pockets were found containing all

kinds, from the very fine, almost impervious, sands to large gravel

stones, and nmch unsuitable material had to be removed in selecting

layers from which suitable sand could be obtained. By judicious

selection, screening and mixing the two kinds of sand were obtained

and wheeled to piles for loading. These ])iles were frequently tested

by half lilling with sand a cylinder six inches high and three inches

in diameter, having a wire bottom. The sand was packed slightly

and covered with a wire screen and the cylinder lillcd with water,

and the time observed that it took the Avater to pass below the sur-

face of the sand. Time limits for the two grades were determined

at the laboratory, making correction for the temperature of the water,

and the accuracy' of these tests at the bank was determined by occa-

sionally taking dui^licate samples to the laboratory and making reg-

ular mechanical analyses by means of sieves.

The filter was comi)leted, at a cost of about $05,000, in the forenoon

of Se[)t. 20, 181)3, just about one year from the time of commencing,,

although there were four or five months when work was suspended
;

and in the afternoon of September 20 the inlet gate was opened and

the water filled the open conduit along the base of the embankment,

ran into the carriers, and gradually llowed over the one and one-third

miles of level edge and entered the sand, disappearing in a short dis-

tance at first, but gnidually as the sand was filled extending further

from the carriers and filling the bottom of the twenty-six valleys, and

then rising slowly up their sides and covering the ridges, forming a

shallow pond of two and a half acres. Then the pumps were started,

and when running at the rate of five million gallons in twenty-four

hours we found that the dillerence in level between the water over

the filter and in the [)ump-well was seventeen inches.

The water first cominjr throuirh the filter contained an extremely

fine dust in suspension, i)rol)aI)ly washed from the surfaces of the

stones and underdrains. In the first ten days the chemical changes

in the water were as follows: the albuminoid ammonia was reduced

from 0.01(58 to 0.0108 in parts per 100,000. The free annnonia was

reduced from 0.0113 to 0.0072, and the nitrates were increased from

0.0120 to 0.0200 part. The color was reduced from 0.36 to 0.28 on
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the scale foi' color. Since that time the average change has been iu

albuminoid ammonia from 0.0187 to 0.0104; free ammonia from

0.0067 to 0.0087, and the nitrates from 0.0140 to 0.0390 part, and

the color reduced froui 0.42 to 0.35. The hardness of the water

has increased from 1.3 to 2.9.* This change is probably partly tem-

porary, due to absorption of lime from the conduit and carriers, but

it is partly due to ground water, as it was the greatest when, in the

latter part of February and early part of INIarch, there was the

greatest loss of head through the filter and consequently the greatest

draft from the ground. At the same time there Avas an increase in

the free ammonia of the filtered water, evidently due to the same

cause ; but this cause was an exceptional condition due to the sur-

face of the bed not having been cleaned for three months, Avhich will

probably not occur again.

While the improvement of the water by the removal of the sus-

pended matter and the burning up of the organic matter that was

readily oxidizable Avas very satisfactory, the most important change

and the real oljject of the construction of the filter was the removal

of bacteria, and especially of those kinds of bacteria that are danger-

ous to health, known as disease germs.

, The removal of bacteria is not merely a straining process ; it is

accoinplished by making conditions unfavorable to the life of bac-

teria in the passage through the filter, which conditions grow with

the i)roper use of the filter. In the first three days 75 per cent, of

the number of bacteria applied came through the filter. In the next

three days 30 per cent, came through, but iu the first week in

October only 4 per cent, came through, and in the next week 2 per

cent. ; that is, during the first three weeks' use the number of bac-

teria in the effiuent rapidly deci'cascd to 2 per cent, of the number

applied, and from that time to the present, f excepting on two occa-

sions when work on the filter or in the pump-well interfered with

the results, the efiluent from the filter has contained 1.7 percent,

of the number of bacteria contained in the river water, the filter

having removed U8.3 per cent, of all of the bacteria in the water

applied to it.*

lint the result given to the people is better than this. It appears

that with the ic.moval of those parts of the organic matter that are

• For resolts Jn detail of examinations of wator from the Lawrence water works before and
after HItration see pages 630-541, also 181-18G.

[ June 1, 1»94.
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easily oxidized the food material of the bacteria has been removed,

and as the water flows on through the reservoir and through the

pipes the conditions of life are still unfavorable for the bacteria, and

they go on decreasing, so that the numbers found at the outlet of

the reservoir are but one and two-tenths per cent, of the numbers

in the river water ; and at the tap in the city hall the numbers of

bacteria found are but nine-tenths of one per cent, of the numbers

in the river water. More than ninety-nine per cent, of all of the

bacteria of the river water have l)een removed.

The experiments of the State Board of Health go to show that

with this result we can rely upon the complete extinction of all of

the disease producing germs that may have been in the water.

AVe have seen the effect of the filter upon the bacteria of the water

applied to it ; we will now seek' the eflect of the filter upon the inhab-

itants of Lawrence. It has been stated that the deaths from typhoid

fever in Lawrence were al)out three times those of other cities in the

State. Its relation to other cities from a broader field is shown by

the following diagram, in which are given the percentage of mortality

from typhoid fever to the total mortality in London, New York, Bos-

ton, Philadelphia, Chicago and Lawrence.

Diagram showing Percentage of Typhoid Fever Morlalitrj to Total Morlaliti/ in

Lomlo7i, New York, Boston, Philadelphia, Chicago and Lawrence from IS TO

to IS93.

2 40
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That the typhoid fever that has in the past affected Lawrence so

seriously has come dowu the river year after year may be confirmed

by the foUowing diagram containing three broken lines. The heaviest

Liatjram showimj Dcatlis per 100,000 Inhabilants in Boston, Loivdl and Lawrence
from June, 1SS9, to May, 1S94.

>\

<
>^

^ 'CO
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the number during the past eight months are given b}'' the heavy

full line.

Typhoid Fever in Lmvrence.

The total number for the eight months in past years has been

forty-three, and in the present year seventeen, making a saving of

twenty-six. Of the seventeen who died nine were operatives in the

mills, each of whom was known to have drunk unfiltered canal

water, which is used in the factories at the sinks for washing.

The finer full line shows the number of those who died iiioiilh

after month who are not known to have used the poisoned (•.•mal

water. The whole nund)er in the eiirht months is eiirht.

It is evident from the jircvious diagram that the numbers above

the line full line, here, follow after those at Lowell in the usual time,

and were undoubtedly caused by the sickness at Lowell ; but wc
have satisfactory reason to conclude that the disease was not propa-

gated through the fdter but that the germs were conveyed directly

into the canals and to those who drank of the unfiltered canal water.

Among the operatives of one of the large corporations not using the
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caual water there was not a case of typhoid fever during this period.

Warnings have been placed in the mills where canal water is used

to prevent the operatives from drinking it.

"We find, then, that the mortality from typhoid fever has, during

the use of the filter, been reduced to 40 per cent, of the former mor-

tality, and that the cases forming nearly one-half of this 40 percent,

were undoubtedly due to the continued use of unfiltered river water

drawn from the canals.

The efi'ect of the filter in preventing the communication of diarrhoeal

and other diseases carried by water can be given after the season of

the 3'ear when these diseases prevail. We can say further at present

that the physicians have very generally reported a marked improve-

ment in the health of the people since the filter came into use.

The study of this problem and its solution have established with

more of certainty than ever before three important points in sanitary

science :
—

1. The insufficiency of the self-puri6cation of streams.

2. The ready conveyance of typhoid fever down a stream by

sewage-polluted drinking water.

3. The practicability of protecting a community against an in-

fected drinking water supply by natural sand filtration.
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SEWAGE PUEinCATIOX OF CITIES AND TOWNS IN

MASSACHUSETTS.

The last annual report (1892) contained a paper upon the " Sew-

age Disposal of Cities and Towns in Massachusetts by Intermittent

Filtration," which Avas accompanied by chemical analyses of the sew-

age and ctUuent from the works of the three places described, viz. :

Framingham, Marlborough and Gardner. Owing to the time required

for the publication of that report it was feasible to include in it

analyses made up to the end of July, 1893. In the present paper

results from sewage disposal works at several additional places are

given, and analyses of sewage and effluent from the three places

mentioned above are included only from the first of August to the

end of the year. A short description of each of the systems exam-

ined is given in the following pages, and to assist the reader in

understanding the conditions at the various places some of the state-

ments made last year are repeated.

The first plant for the disposal of town sewage by intermittent

filtration in Massachusetts was constructed at Lenox in 187<). A
system for the disposal of the sewage of a portion of the town of

Amherst, partly by filtration but chiefl}' by irrigation, was con-

structed about 1S81, and a small system for the disposal of sewage

by intermittent filtration was introduced at Medtield in 1886. Since

the last date the towns of Framingham and Gardner and the city of

^larlborough have constructed and are now operating works for

the disposal of sewage by intermittent filtration, and a new disposal

field has been constructed and is in use at Lenox. The city of

Brockton (popuhition in 1890, 27,294,) is at present constructing

works of this kind, which will be operated in 1894. There are,

also, several large institutions which dispose of their sewage by inter-

mittent filtration. The sewage of the city of Worcester is treated

by chemical precipitation, as described on page 341 of this report.

[663]
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In order to learu the results obtained by the systems of sewage

disposal in the various places, the State Board of Health has caused

many analyses of the sewage and effluent from the filter-beds at

Framingham, Gardner and Marlborough to be made, and has also made

one or more chemical examinations of the sewage and effluent from

the sewage disposal works at Amherst, Lenox, Medfield, Westbor-

ough and Wellesley College. The results of these analyses are given

in connection with a description of the works in the pages which fol-

low. Analyses made by the chemists at Worcester, showing the

results obtained at the chemical precipitation works there, have

already been given on page 345.

Sewage Disposal at Amherst.

The population of the town in 1890 was 4,512. Sewerage facilities

have been provided only for portions of the main village, and the

sewage is disposed of by two systems.

The first system, begun in 1881 and subsequently extended, col-

lects the sewage from about 1,000 inhabitants. The sewage flows to

a settling tank about a mile south-east of the village and thence

through a pipe 520 feet long into Fort River.

By the second system, since 1886, the sewage of a portion of the

thickly populated part of the town north of the town hall has been

applied, after settling in a tank, to a field having an area of about

three acres and a slight slope, located about half a mile north of the

village. It is said that there are about 300 people connected with this

system, and storm-water is excluded from the sewers. The sewage

is conducted by a ten-inch pipe to a settling tank located on the

upper side of the disposal field. The tank is about 4 feet deep

and holds about 500 gallons. The outlet pipe is arranged to avoid

drawing the scum from the surface of the tank, and discharges into

a long ditch running along the upper side of the field, from which

the sewage is discharged through openings in its sides. The place

of discharge is changed from time to time by blocking up the exist-

ing opening and making a new one. The sludge from the settling

tank is removed at intervals and composted. Analyses of the sew-

age before and after settling in the tank are given below. There

is no opportunity to obtain a sample of the effluent from this field,

as the sewage sinks into the ground and does not reappear in such

a way that a sample can be collected.
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Chemical Examination of Sewage from Amherst,

[Parte per 100,000.]
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Sewage Disposal at the Norfolk County Jail, Dedham.

Chemical Examination of Waterfrom the Brook which floivsfrom Fisher's Ice Pond

above and below the Sewage Disposal Area of the Norfolk County Jail.

[Parts per 100,000.]
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to a table of analyses on page 153 of this volume.* The average

amount of sewage pumped and purified in 1893 was 218,000 gallons

per day.

The sewage, after collection in a pair of receiving reservoirs hav-

ing a total capacity of 431,000 gallons, is pumped during the day-

time to the filtration area, which is located about two and one-half

miles north-east of the village of South Framingham. This area, a

more detailed description of which, accompanied by a plan, may be

found in the annual report of the Board for 1892, page 560, covers

al)0ut seventy acres, nmch of which is quite level and at an eleva-

tion of about 20 feet above Bannister Brook. An area of about

twelve acres has been specially prepared for filtration by dividing it

into ten beds of convenient size, removing most of the loam, Avhich

was used in the construction of embankments between the beds, and

by levelling the surface. Six of the beds are underdrained to a

limited extent.

In 1893 about nine acres of the prepared beds were planted with

field corn (maize), and the remainder with squashes, beans, pota-

toes and cabbages. The crops were very satisfactory, especially the

field corn, and received only ordinary attention. The preparation

of additional filter-beds is under way in order to increase the area

to be devoted to farming purposes. The present area, however, is

amply sufficient for the disposal of the sewage.

A reasonable objection has often been made to the cultivation of

crops in connection with intermittent filtration, where the area is

small, owing to the danger that, in order to avoid injuring the crops,

the flow of sewage at certain seasons of the year will either be con-

centrated on a small portion of the area or allowed to escape unpuri-

fied. In the case of Framingham, however, the cultivation of crops

has had a favorable effect upon the purification of the sewage by in-

ducing the preparation of additional filter-beds, by loosening the

soil by ploughing and other disturbances of the surfiice incident to

cultivation, and by the removal by the crops of matters l)rought to

the beds in the sewage.

The surfaces of nine of the filter-beds were left during the winter of

1893-94 in hills and furrows, and without disturbance, after the crops

* Analyses of water from this underdrain are also given in the annual reports of the Board

for 1890, 1891 and 1892, pages 149, 131 and l-2(>, respectively. The first sample analyzed was

collected l)efore any sewage had been admitted to the sewers, and the character of the water has

not changed materially since sewage was admitted.
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had been removed from them. The remaining bed was ploughed and

wide furrows made, about 6 feet apart, at right angles to the carriers

along the side of the bed from which the sewage is applied. It was

found that this bed gave the most satisfactory results, particularly

when there was much snow on the ground. It is also to be noted

that the beds where the surface is left in hills and furrows are much
more efficient in winter than beds with level surfaces.

The quality of the sewage and of the effluent from several diflferent

places may be seen by the tables of analyses on the following pages.

The sewage is ordinary town sewage, discolored and somewhat modi-

fied in character at times by a considerable amount of spent dyes

discharged into the sewers from the straw goods factories in the

town.

With regard to the purification eflected at Framingham it may be

said that the conditions for filtration are very favorable, owing to the

large area of land in use in proportion to the amount of sewage

treated, the porosity of the material, which has an efiective size of

0.32 to 0.42 millimeter, and the depth to ground water. Another

favorable condition is the high temperature of the sewage in winter

(48° to 50° F.) due chiefly to the fact that the water supply of the

Chemical Examination q/
[Parts per 100,000.]
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town is taken from the ground and has a winter temperature of about

Only a small portion of the effluent is collected by the underdrains

beneath the beds, and of this quantity all or nearly all again enters

the ground and receives a second filtration before it reaches the

brook, while most of the effluent passes for a long distance throuo'h

the ground and appears in the form of springs at the edge of the low

land near the brook. The existence of lateral filtration to such a

marked degree is believed to be a very important feature of the

Framingham filter-beds.

The average degree of purification of the applied sewage in 1893,

as indicated by the albuminoid ammonia in the analyses, is as fol-

lows ;
—

Per Cent, of
Organic Matter

Removed
(Albuminoid
Ammonia).

EfQuent at east nnderdrnin,

" at west underdrain,

" at spring,

97.6

98.0

99.6

Sewage from Framingham.
[Parts per 100,000.]

.iVAIMONIA.
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Chemical Examination of Effluent from the East

[Parts per 100,000.]
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Underdrain at the Framingham Filter-beds.

[Parts per 100,000.]

The samples were collected from the underdrain at its outlet.

Underdrain at the Framingham Filter-beds.

[Parts per 100,000.]

s
o
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Chemical Examination of Water from a Spring near Banjiisier

[Parts per 100,000.]
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Brook, which receives Effltientfrom the Framingham Filter-beds.

[Parts per UtO.CMJO.i

the year and printed in the preceding annual report. No analyses were made in January,

Sewage Disposal at Gardner.

The Gardner sewerage system was put in operation about Aug. 1

,

1891. At the end of 1893 there were 161 connections with the

sewers, 120 of which were from dwelling-houses and the remainder

from factories, business blocks, hotels and public buildings. The

population of the town in 1890 was 8,424. AVith the exception of

roof-water, used for flushing purposes, fi'om a limited number of

buildings at the upper ends of the sewers, surface water is excluded.

The quantity of sewage is not definitely known, but it is probably

not far from 200,000 gallons per day in dr}'' weather.

The tract purchased by the town for the disposal of the sewage

contains 16.9 acres. ^Nluch of the material upon this tract was found

to be too fine for the filtration of sewage, and, as a result, the filter-

beds are almost wholly artificial, being formed of the porous sand and

gravel from a ridge upon this tract. There are twelve thoroughly

underdraincd filter-l)cds for the disposal of sewage, having a total area

of 1.39 acres, two supplementary beds which are less porous and not

underdraincd, having a total area of 0.37 acre, and two other small

underdraincd beds, containiuir touether 0.14 acre. One of these
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small beds is used to receive the sludge from the sludge tank, and

the other to receive the discharge from a blow-off located at the

lowest point in the pipe leading from the town, which, for the last

1,050 feet of its length where it crosses the valley of Pond Brook,

is an inverted siphon. This bed was not used in 1893, however,

because it has been found that if clogging occurs the sewage backs up
in the pipe until sufficient head is obtained to remove the obstruction.

The material of the filter-beds has an effective size of 0.10 to 0.24

millimeter, which is somewhat coarser than at Marlborough but much
finer than at Framingham. The underdrains beneath the beds are

generally twenty feet apart and at a depth of from four to five feet

below the surface of the beds.

The sewage, when it reaches the disposal area, first passes through

duplicate separating tanks having a total capacity of about 10,000

gallons, and overflows through wooden troughs upon the disposal

area, as described in the annual report of the Board for 1892, page

580.

It has been the custom, except during the winter months, to apply

sewage to one-half of the beds one day and the other half the next,

and once in ten days or two weeks to remove one-eighth to one-

quarter inch of scum and clogged sand, and afterward to rake to a

depth of about 1.5 inches to loosen the material. Below this depth

the material is compact to a depth of several inches.

[Parts per 100,000.]

Chemical Examination of
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The results obtained at Gardner have been satisfactory in the sum-

mer, but, as stated in the last annual report, in order to obtain these

results it has been necessary to attend carefully to the distribution of

the sewage upon the different beds, and to remove at frequent inter-

vals the scum which forms upon them. During cold weather when

the removal of this scum is prevented by snow and ice upon the

beds, it has not been found practicable to filter the sewage upon the

small area provided, and a portion of it has overflowed into the

brook. In December, 1893, the surfaces of the filter-beds remained

smooth, and were unprepared by ridging or otherwise for use in

cold weather, and during the latter part of the month the sewage

froze to the surfaces of some of the beds. The remaining beds were

used beyond their capacity and remained constantly covered with

sewage, thereby making the filtration continuous, while a consider-

able quantity of sewage overflowed into the brook. The etfluent of

the portion of the sewage filtered through the beds deteriorated in

quality when cold weather began.

The analyses of sewage and effluent from the Gardner filter-

beds, from August to December, 1893, are given in the following

table. The averages of analyses for the whole year 1893 show that,

of the sewage filtered, 91.1 per cent, of the organic matter (as

represented by the albuminoid ammonia) was removed from the

sewage by filtration.

Sewagefrom Gardner.
[Parts per 100,000.]

Ammonia.
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Chemical Examination of Effltientfrom the

[Parts per 100,000.]
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Main Underdram of the Gardner Filter-beds,

[Parts per 100,000.]

B
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Sewage Disposal at Lexox.

The village of Lenox is situated upon high land, from which the

ground slopes to the west, south and east. The first attempt at sew-

age purification was made in 1876 at a small field upon the westerly

slope of the hill. In 1881 the sewage of a few houses on the southerly

slope of the hill was conveyed to a small tract of land at the foot of

the hill in the town of Stockbridge and there disposed of. In 1888

the principal sewerage system of the town was completed, and by it

the sewage is conveyed to a disposal field about two miles east of the

village and near the Housatonic River.

This system diverted much of the sewage which formerly went to

the small field on the westerly slope of the hill, but, notwithstanding

the reduced quantity of sewage going to this field and the small

quantity going to the southerly field, the neighboring land owners

objected to the use of these areas for sewage disposal, and in De-

cember, 1893, works were completed for collecting the sewage of

the westerly and southerly slopes at a pumping station west of the

village and for pumping it into the main system of sewers leading to

the easterly field, which will be the only one in use after the pump-

ing station is operated.

The sewers of Lenox are pipe sewers, and storm-water is excluded

from them, except a small quantity of roof-water, which is admitted

for flushing purposes. There are said to be about 1,000 persons

connected with the system ordinarily, but during the summer season

the number is more than doubled.

The main pipe leading from the village to the easterly disposal

field is twelve inches in diameter, and ends at a settling tank on the

upper portion of the hillside, about 800 feet from the Housatonic

River. The tank is of masonry, and has two separate compartments.

There are two overflow pipes, one discharging into a pipe connecting

with the sub-surface disposal system and the other with a pipe which

has a direct connection with the river. There is also a pipe at the

bottom of the tank through which the sludge can be run out when-

ever the tank needs cleaning.

The sewage is disposed of beneath the surface by turning it into

stone drains, which are long, nearly-level trenches, filled with stone

up to within a short distance of the surface, and above the stone

with earth and loam. In addition to the stone the trench contains a

six-inch Akron pipe, with open joints, through which the sewage
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from the settling tank is conveyed to the drains. These drains vary

in length from 200 to 800 feet.

Beneath these stone drains are underdrains, about thirty feet apart,

running down hill toward the river. The underdrains are laid with

tight joints where they pass beneath the stone drains and with open
joints between the drains.

The material of the disposal field is compact and nearly imper-

vious, so that only a portion of the sewage will filter through the

ground and the remainder flows out from the stone drains upon the

surface through relief pipes which have been laid at their farther

ends, or passes off" into the river through one of the overflow pipes

at the settling tank.

In the following table will be found analyses of sewage and

efliuent taken from ditfercnt points of the Lenox system. The sew-

age is very dilute, owing to the large amount of ground water enter-

ing the sewers. It may be noticed, by reference to the table, that

the second and third samples, taken from the settling tank after

some precipitation had taken place and from the ends of the stone

drains, are much less impure than the first sample, which was col-

lected from the main sewer. There was, doubtless, some improve-

ment in quality caused by the passage of the sewage through the

settling tank and through the drains, but the bulk of the diflerence

is probably due to the fact that the sewage from the main sewer

represented the day sewage, while the samples from the tank and

drains represented to a greater extent the night flow, the larger pro-

portion of which is ground water.

Chemical Examination of Sewage and Elfluent from the Lenox Sewage
Ptirijicalion U'(>rks.

[Parts per 100,000. j
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Chemical Examinalion of Sewage and Effluent from the Lenox Sexvage

Purification Works— Concluded.

[Part8 per 100,000.]

AMMONIA.
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eflective size of 0.12 to 0.14 millinieter. The area has a moderate

slope toward a small brook, and is from seven to twenty-two feet

above it. The beds are thoroughly underdrained by means of

parallel lines of four-inch pipes, laid with open joints fifty feet apart

and about six feet beneath the surface. All of these drains dis-

charge into the brook before mentioned.

The sewage is ordinary city sewage, varying in strength from time

to time with the amount of ground water which enters the sewers.

The average quantity is not definitely known, but it was probably

in the neighborhood of 400,000 gallons per day during 1893.

Previous to December, 1893, it is said that the beds were gener-

ally flooded in turn for twenty-four hours, but that, beginning, with

this month, they were flooded in turn as before, but for only half a

day at a time, and the results obtained from this treatment show,

apparently, an improvement. The beds were harrowed twice dur-

ing the year, about the first of May and the first of November, with

a wheel-harrow, to a depth of four to six inches. In November no

leveller was attached to the harrow, and the surface was lett in

alternate ridges and furrows. The grass and weeds were cut several

times during the summer, and in the fall several beds, where the

weeds grew more luxuriantly, were ploughed before harrowing. A
considerable portion of the sludge in the sewage passes through the

separating tanks and in time forms a thick scum upon the surfaces of

the filter-beds. This scum was removed at irregular intervals during

the warmer months, but not during the winter. As a general rule

the scum was removed before the surfaces were ploughed or harrowed.

With the aid of the furrowed surfaces and the application of smaller

doses the filters disposed of the sewage during the winter months

WMth satisfactory results. At times there has been considerable odor

from the sludge beds, but as the beds are a long distance from any

road or habitation this has not been a source of complaint.

It has not been the custom to employ a man constantly in caring

for the beds, but to employ a man living in the neighborhood to

attend to changing the flow of sewage from bed to bed, and to re-

move the scum from the surfaces of the beds, paying him by the

hour for the time spent on the work. The cost of all work done on

the beds during the year 1893 amounted to $497.19.

The averages of the analyses for the whole year 1893 indicate that

94.2 per cent, of the organic matter, as represented by the albu-

minoid ammonia, was removed from the sewage applied.
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Chemical Examination of

[Parts per 100,000.]
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Seu'cige from Marlborough.

[Parte per 100,000.]

Ammoma.
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Chemical Examination oj Effluent from the

[Parts per 100,000.]
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Underdrains of the Marlborough Filter-beds— Concliuletl.

[Parts per 100,000.]

= 1
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Sewage Disposal at Medfield.

A system of sewage disposal by intermittent filtration was intro-

duced at Medfield in 1886, and was described in the Nineteenth

Annual Report of the Board for the year 1887. Up to the end of

1893 connections had been made with one hotel, three houses and a

large straw factory, in which, at times, as many as 900 operatives

are employed. The original area of the beds was about one acre.

The material is mostly coarse gravel. As the level of the ground

water is about ten feet below the surface of the filter there are no

underdrains. There are four beds, the surfaces of which are some-

Chemical Examination of
[Parts per 100,000.]
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what uneven, each of which, as a general rule, takes the sewage in

turn for two days. It was found that there was considerable loam a

short distance below the surface of a portion of the beds which

eventually l)ecame cloirged. In the summer of 189o this loam was

removed and replaced with coarse gravel, and the area of the lilter

increased about one-third.

No trouble has arisen from odors. In the following tables will

be found analyses of the sewage, and of the etttuent taken from a

spring a short distance below the filter. The effluent is of excellent

quality, and no deterioration is shown by the analyses when com-

pared with those made in 1887, after the works had been in opera-

tion for a comparatively short time.

Seicar/e j~roiii MedjieJd.

[Furls per 100,000

The straw shop was not running at the time the sample was collected.

the Filtration Area of the Medfield Seiverage System.

[Parts per 100,000.]

§
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Sewage Disposal at Wellesley College.

Up to 1892 the greater part of the sewage from the Wellesley

College buildings was disposed of by passing it through small and

imperfect artificial filters of peat and gravel, but as the results ob-

tained by this method were unsatisfactory, new works were con-

structed in 1892 for the treatment of the sewao;e from the main

building and cottages near it, by intermittent filtration.

As the works were first constructed the sewage passed from the

buildings through pipe sewers to a settling tank six feet in diameter,

thence into an automatic flush tank thirty feet long and six feet

wide, in which the sewage had a depth of twenty-six inches, and

from the flush tank was discharged into two eight-inch pipes pass-

ing through the middle of a nearly level filtration area 300 feet

long and 150 feet wide. Every four feet along each of the eight-

inch pipes there was laid out to the edge of the area a line of three-

inch pipes, with open joints, for distributing the sewage. These

pipes were about twenty inches below the surface of the ground,

and the joints between some of them were covered with tarred

paper and all were surrounded with coarse gravel. Much of the

material of the filter bed is coarse sand or gravel, but in some places

there is a very fine sand.

After about three months' use the pipes were so badly clogged

that it was necessary to dig them up and clean them. It was found

that many of the pipes were clogged with pieces of rags and paper,

and that the fine sand had filled the interstices of the coarse gravel.

Chemical Examination of

[Parts per 100,000.]
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After this clogging occurred provision was made for screening the

sewage so as to prevent the entrance of coarse substances into the

eight-inch pipes.

In the summer of 1893 some further changes were made. Two
settling tanks, each ten feet long and six feet wide, were added, and

the lenjrth of the filtration area was extended to 450 feet, makino:

the total area 1.55 acres. All of the sub-surface distributing pipes

were relaid, and over the joints of the pipes, in all cases, were

placed pieces of half-pipe of larger diameter. An eight-inch pipe

was laid along each side of the filtration area and connected with

the ends of all of the three-inch distributing pipes. Gates have

been placed at the lower ends of all of the eight-inch pipes, and

about once a week, usually on washing day, they have been opened

with a view to flushing the entire system of pipes. The sewage

used in flushing discharges upon a thin filter-bed about fifty feet

square. It has been the custom to empty the settling tanks once a

week, and at these times the liquid matter is discharged upon a small

filter-bed constructed for this purpose, while the semi-solid portions

remaining are nin into carts and removed to some woods at a con-

siderable distance from the buildings where they are disposed of by

composting. There are about 500 people connected with this system.

There have been no indications of clogging in the sub-surface pipes

since the changes were made.

In the following tables will be found analyses of the Wellesley

sewage, and of samples of water taken from a small brook, into which

some of the efliuent finds its wa}^ above and below the filter-bed.

Sewagefrom Wellesk)/.

[Parts per 100,000.]

Ammonia.
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Chemical Examination of Water from the Brook above and below the Wellesley

Sewage Filtration Area.
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the other end. The material beneath the filling is a fine, compact

sand almost impervious to water. The surfaces of the beds are

from six to six and one-half feet above the ordinary level of the sur-

face of the water in the Assabet River, opposite the sewage field.

During the prevalence of high water in the spring the surface of the

water in the river rises to about three feet above the ordinary level.

Sewage was applied to the beds in April, 1893, and it was found

that the sand beneath the artificial and porous surface layer was so fine

that it remained saturated and also kept the material above it saturated

for weeks after the ap[)lication of sewage had ceased. It is said that

these beds could be made to take the whole liow of sewage for about

a week by filling them to the level of the top of the embankment.

On discontinuing the use of the beds in July it took eight weeks for

the sewage to disappear.

To obtain material to prepare the filter beds as above described,

a pit was excavated in a gravel ridge in the higher portion of

the area owned by the town. Into this gravel pit, covering an area

of approximately 15,000 square feet, the bottom of which is said to

be six inches above the ground-water level, the sewage has been

discharged from time to time, and it has been filled to the level of

the bottom of the sewage carrier, or approximately six feet deep,

forming a huge cesspool, the effluent from which appeared in the

form of a flowing spring, on the surface of a piece of low land fifty

to seventy-five feet from the edge of the excavation. During the

year 1893 sewage has also been discharged from time to time on

a portion of the unprepared ground and allowed to flow over its

surface to find its way to the meadows.

The selectmen of the town applied to the State Board of Health,

Sept. 18, 1893, stating that the former advice of the Board had not

been carried out, and requesting the Board to make another exami-

nation of the present sewage-disposal works at Westborough, and

advise the town farther in the matter of sewage disposal. The reply

of the Board to this application may be found on page 8l) of this

volume.

Toward the end of the year the surfaces of the two filter l)eds

were raised from one to two feet by the addition of more coarse

sand, and two six-inch underdrains were placed beneath the beds at

depths of from three to five feet beneath the surface. In addition to

this work, two additional beds, each about an acre in area, were

prepared between the settling tank and the river. The surfaces
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of the new beds were levelled to some extent, and in each two

four-inch underdrains were laid three feet below the surface at the

upper ends and five feet below at the lower ends. It is said that

some of the mud in the low places on the area covered by these beds

was removed while preparing the beds and replaced with gravel

from a knoll situated partly within the limits of the beds. There is

considerable loam remaining on each bed. Sewage was distributed

Chemical Examination of Seivagefrom

[Parts per 100,000.]
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upon the two new beds from trenches along the sides and by furrows

across the beds. The distribution, however, at the time the beds

"were examined was very uneven.

In the following table will be found analyses of samples of the

sewage, of the effluent from the gravel pit collected at the spring

already mentioned and of samples collected from the Assabet Kiver

above and below the disposal area.

the Westborough Sewerage System.

[Parts per 100,000.]

Ammokia.
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Chemical Examination of Water from the Assabet River above and beloiv the West-

borough Sewage Filler-beds.

[Parts per 100,000.]

Appkabakce.

1803.
10840 Aug. 16

11172

11173

11409

Oct. 11

Oct. 11

Nov. 28

V. slight.

V. slight.

V. slight.

V. slight.

Slight.

Slight,

V. slight. V. slight,

0.45

0.45

0.45

0.90

Kesidle on
Evapora-

tion.

5.00

4.65

4.40

5.80

1.80

1.85

1.70

3.00

,0026

,0000

,0000

,0280

ALBDMINOID.

,0166

,0188

,0182

,0290

.0140

.0140

.0152

.0240

.0026

.0048

.0030

.0050
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CHEMICAL PRECIPITATION OF SEWAGE AT THE WORLD'S

COLUMBIAN EXPOSITION, CHICAGO,

1893.

By ALLEN HAZEN,*

Chemist, Depaktment of Water Supply, Sewerage and Fire Protection.

The sewage disposHl works at the World's Columbian Exposition

were described in the " Engineering News" of Aug. 3, 1893, which

contains drawings showing many of the details of construction and

arrangement.

The works were designed and built under the direction of W. S.

MacIIarg, C.E., engineer for water supply, sewerage and 'fire pro-

tection, Mr. C. M. Wilkes being first assistant engineer, and the

construction of the plant and the operation of the machinery being

superintended by Mr. C. E. Chester. The writer was employed to

superintend the precipitation of the sewage after the construction of

the works was practically completed.

The works consisted in brief of four cylindrical iron settling tanks

of the R;)ckner-Rothe type, 32 feet high and 32 feet in diameter, with

conical bottoms, which, in a height of 22 feet, tapered from 32 feet

to 6 feet (see diagram on following pagef). The total height was

thus 54 feet, and the capacity of each tank, as ordinarily used with

sewage standing 18 inches below the top, was 237,000 gallons.

The sewage from the various buildings on the Exposition grounds

was forced by Shone ejectors into the iron sewers which terminated

in a receiving tank 16 feet in diameter and 10 feet deep, where the

sewage was screened and afterward passed through the four pipes

which conveyed it to the different settling tanks, receiving and be-

• Mr. Hazen, at the time of his appointment at Chicago, was chemist in charge of the Experi-

ment Station of the Massachusetts State Board of Health at Lawrence. He held the position

at Chicago (hiring a leave of absence granted by the Board.

t The plate from which this diagram is printed was kindly furnished by the Engineering

News Publishing Company,
[597]
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coming mixed with the necessary chemicals on the way. The mixed

and precipitated sewage then passed down through central cylinders,

6 feet in diameter, to points near the bottoms of the tanks, where it

was distributed by sheet-iron arms and the precipitate settled to the

bottom, while the clarified liquid, ready for discharge into the lake,

slowly rose to the top, where it was removed by a set of troughs

drawing as nearly as possible equal quantities of effluent from equal

'jpdiviitiitiiili.i 'I I

areas of surface to give a uniform and regular upward movement to

the sewage in the tanks. The sludge which settled to the conical-

shaped l)ottom was expected to slide to the point of the cone, where

there was an outlet through which it could bo drawn off from time to

time for pressing without interrupting the continuous action of the

tanks.

The filter-presses, which were exhibited by the Perrin Company,

Chicago, were made by the G. H. Bushnell Company, Thompsonvillo,

Conn., and produced at each operation fifty cakes of sludge 30 inches

in diameter and about 1| inches thick, weighing about 47 pounds

each. The central passages in the filter-presses were 4 inches in

diameter, but it was found that rags and cotton waste which passed
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the bars in the screen, about three-fourths of an incli apart, would

frequently stop the 4-inch holes in the plates, allowing the pressure

to accumulate on one side of the plate until it broke. The delay

and expense of replacing plates was considerable, and it was not

until the screen was covered with a finer wire screen to retain all

rags and the holes in the plates were cut out to six inches in diame-

ter that satisfactory working was oi)tained. The quantity of sludge

which could be pressed with these presses was much below the

anticipated amount, and the failure to press promptly the sludge as

produced was often the limit, during a large part of the summer, of

the etiiciency of the plant.

The sludge cake, together with the garbage from the grounds,

was burned in an Engle crematory near the sewage-disposal works.

The object of having four separate settling tanks, each of them

with its independent appliances for mixing chemicals, was to allow

the simultaneous application of different chemicals to sewage of pre-

cisely the same composition, and to secure in that way definite

comparisons between the different chemicals when working upon a

large scale. Such experiments were made almost from the first, Init

it soon became apparent that, within wide limits at least, the chemicals

employed were not the controlling or even the leading factor in the

results obtained, and that the differences between the various quan-

tities or kinds of chemicals were often far more than offset by other

conditions, which will be described beyond, over which we had less

control. In this way, our investigations, instead of throwing light

upon the questions which we had propounded, have been mainly

confined to quite another set of problems which were scarcely antici-

pated before they presented themselves. We found it necessary to

study, not so much how to produce a precipitate by adding chemicals

to the sewage, as how to make it settle to the bottom and stay there

until it could be removed and pressed.

Manner of Delivery of the Sewage at the AVorks.

One of the most troublesome circumstances in connection with the

plant was the irregular manner in which the sewage was delivered

at the works. The How of sewage, instead of coming regidarly, was

subject to violent fiuctuations, due to the method of collection and

to the construction of the force main. The sewage waa forced into
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this maiu by twenty-six pairs of Shone ejectors located at various

points on the grounds. These were operated by compressed air

from a central station in Machinery' Hall, and each was furnished

with an automatic appliance to shut off the air as soon as the tank

was sutficiently emptied. For some reason these valves often failed

to act as was intended and the compressed air followed the sewage

into the pipes in large quantity, pushing ahead of it the sewage in

the sewer pipes with great rapidity to the precipitation works. The

sewer pipes having been laid without attention to grades, contained

numerous summits and depressions, and the air rapidl}' accumulated

in the summits until finally the bulk of the sewage in the sewers had

been forced to the works when at last the air commenced to come

through the vertical discharge pipe. This at once relieved the press-

ure and the large volume of air contained in the sewers, now rapidly

expanding and mixed with varying proportions of sewage, came out

with explosive violence, throwing quantities of sewage into the air

and even through the roof. The violence of these " blows" can be

somewhat appreciated when it is stated that most of the glass in

the roof twenty feet above the outlet was broken by these " blows"

within a few days after the works were started, and that among other

debris, a piece of lead weighing nine pounds, which had been acci-

dentally left in the sewers, was carried up through and discharged

from the vertical pipe fifty feet in height.

The number of days in each month on which such " blows" oc-

curred, usually from one to ten and sometimes even as many as

twenty *' blows " occurring in a single day, was as follows :
—

April (14 to 30), 13 clays, or 7G per cent, of the total number of days.

May,
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in the three-foot discharge pipe. Actually, the ordinary discharge

between '* blows" was much less than this, and allowed much of the

suspended matter of the sewage to be deposited on the bottom of the

sewer. Every time a " blow" occurred the matter which had been

deposited since the previous "blow" was Hushed out, and at these

times sewage was obtained two or three times as concentrated as

at other times. Thus for short intervals enormous quantities of

highly concentrated sewage were received at the works, and the rest

of the time only a reduced flow of a sewage from which the sludge

had been partially removed, and frequently for a time after the

" blows" occurred there was no flow at all.

Precipitants Employed.

The chemicals employed as precipitants were copperas or crude

ferrous sulphate, crude alum or sulphate of alumina, a crude ferric

sulphate, and lime. The copperas, alum or ferric sulphate was tirst

added to the sewage, which then passed through a mechanical mixer

containing a rapidly revolving paddle-wheel, and then received the

lime. The mechanical mixers for mixing the chemicals with the sew-

age had no advantage over a fishway, and were more expensive and

troublesome in construction and operation. The chemicals were

added mainly in accordance wnth the principles given in the special

report of the Massachusetts State Board of Health for 1890;* but

owing to variation in the market prices of the various chemicals

and the freight the relative costs were changed somewhat.

The analyses and costs of the various chemicals emplo3'ed, together

with many other data, are given in the Appendices following (pages

613-624). In calculating the costs the actual costs of chemicals de-

livered in Chicago are given in each case, although much lower prices

were paid for some of the later lots than at the beginning.

It was found that the sludge produced with copperas and lime as

precipitants was much more easily pressed than that with alum, even

when used with lime ; and as the cost of pressing the sludge ex-

ceeded the cost of precipitating, copperas was a more economical

precipitant than alum. For the same reason more lime was used

with alum than was necessary to produce the best eflluent, because

* Experiments upon the Cliemical Procipitntion of Sewnjic, l>y Allen Hazon. Specinl Ueport

of the Massachusetts State Board of Health upon Puritication of Sewage aud Water, IS'JO.
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the sludge produced in presence of an excess of lime could be much
more easily pressed, and the extra lime applied to the sewage was

cheaper than the labor on the presses. For equal costs of treatment

copperas and alum produced equally good effluents, although the

effluent from copperas had more color (due to the suspended iron)

than that from alum. The only ferric sulphate obtainable contained

much free acid, with a disappointingly low percentage of soluble

ferric oxide, and the rather poor results obtained should not be

taken as disparaging the use of a better quality of reagent.

Two kinds of lime were employed, a very pure lime from Hanni-

bal, Mo., and a local dolomite lime which was used at first, and on

one or two occasions afterwards when the stock of Hannibal lime

was exhausted. This lime cost only two-thirds as much and was

hardly six-tenths as strong as the Hannibal lime, and to avoid un-

necessarily complicating the figures in the tables given beyond, when
dolomite lime was used, its weight is reckoned as its equivalent in

cost of Hannibal lime, or two-thirds its actual weight.

Measurement and Composition of Sewage and Effluents.

The quantities of sewage passing each tank were determined by

hourly weir measurements, so that the total daily flow of sewage

was calculated from ninety-six readings. Records were kept of all

these quantities, and of the weights of the chemicals employed.

Many samples of sewage and of the diiferent effluents were analyzed

to determine the efficiency of the treatments, but to avoid an unneces-

sarily large volume of data, only the monthly averages are given

below, as it is believed that no additional information of importance

would be obtained from a more detailed presentation. The method

of obtaining the samples was to mix eight pint samples in a gallon

bottle, tlie eight portions being taken at such intervals that one-

eighth of the total daily flow passed between each two of them.

The samples of effluent were taken in the same way, but as much
later than the corresponding sewage samples as the average time

required for the sewage to pass through the tanks.

The analyses are believed to roprcHcnt correctly the character of

effluent as discharged into Lake Michigan ; but, owing to the violent

fluctuations in the flow of the sewage mentioned above, the sami)les

of sewage taken represent in general the sewage between " blows,"
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when it did not contain the full amount of sludge, as, owing to the

personal danger involved, satisfactory samples could not be obtained

during " blows," and even if they could have been collected, it would

have been impossible to determine how much sewage actually had the

composition indicated by the samples. For this reason the results

for loss on ignition, albuminoid ammonia and oxygen consumed in

the unfiltered sewage are too low and the results of efficiency given

must be taken as relative instead of absolute. The soluble constitu-

ents, including chlorine and free ammonia, were not affected in the

least by sedimentation.

The averages of analyses of sewage and effluents by four weeks'

periods are as follows :
—



604 STATE BOARD OF HEALTH. [Pub. Doc.



No. 34.] SEWAGE DISPOSAL AT WORLD'S FAIR. 605

ev3

Oi
00

OS

o



606 STATE BOARD OF HEALTH. [Pub. Doc.

One of the most striking features of these analyses is the excessive

number of bacteria found in the effluents,— several times as many
as in the crude sewage. The causes of this remarkable condition

were investigated by Drs. Wilson and Agar of the United States

Army Hospital. The results obtained show that, while the sewage

contained a great variety of species of bacteria, the effluents con-

tained only a few species in large numbers, and these forms were

very much more abundant than in the crude sewage. It appears

that the bulk of the bacteria of the sewage was taken to the bottoms

of the tanks in the precipitate, and did not exist in the effluents.

The tanks, however, served as a breeding place for enormous num-

bers of the species found in the effluents, which were, presumably,

non-pathogenic, for, so far as we know, the pathogenic forms some-

times found in water are probably incapable of growing in the condi-

tions present in the tanks. The treatment may be said to have secured

a partial but probably very incomplete removal of objectionable

bacteria.

The Work of the Individual Tanks.

The quantities of sewage treated and chemicals employed for each

tank during the different periods and the costs of the chemicals are

shown in the following tables :
—

Period I. June 10 to July 7, 1893.
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Period III. August 5 to September 1, IS93.
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During May and June occasional " soft" pressings were obtained,

which decreased the percentage of dry matter in the total output.

The presses were but rarely able to press the sludge promptly as

produced, and on two occasions, July 13 and September 4 to 6, it

was necessary to discharge unpressed sludge into the lake to avoid

a nuisance at the works. There was also a slight accidental dis-

charge in October. The sludge was usually pressed without the addi-

tion of lime. With copperas as a precipitant the addition of lime to

the sludge had little effect upon the rapidity of pressing. With alum

as a precipitant the addition of lime allowed somewhat more rapid

work, but the same result was obtained by mixing the sludge from

copperas with the alum sludge.

The quantities of sludge pressed in the different periods are shown

in the following table. The table also includes estimates of the

quantity of sludge on hand and of the quantity discharged into the

lake reduced to the basis of pressed sludge cake. These estimates,

based in part upon the observed heights of sludge in the tanks at

different times, are necessarily only rough approximations.

Summary of Sludge StaiiHics.

[In tons of pressed sludge.]

FebioD — 1893.
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tion owing to the difficulty or impossibility of getting samples at these

times; or, in case samples were taken, of determining what propor-

tion of the dail\' flow was of the same character as the .samples. For

this reason the efficiency of the plant, as calculated from the chem-

ical analyses, is considerably below the actual efficiency. We have,

however, a fairly satisfactory record of the quantities of organic mat-

ters in the sludge and in the etHuents, and by adding them together

we can obtain an approximate estimate of the matters in the sewage,

which is probably much more accurate under the circumstances than

the direct calculation from the average analyses.

Efficienaj of Precipitation.

[By four weeks' periods.]

PERIOD.

1803.
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had hoped to obtain. The experiments made at Lawrence in 1889*

had indicated that chemical precipitation might remove as much as

60 per cent, of the total organic matter of the sewage.

The above calculation includes practically the whole operation of

the plant, with all the conditions as they actually existed. Some
of the unfavorable conditions which have been mentioned could

hardly have been anticipated, and in a permanent plant would have

been rectified ; but there was no opportunity for changes in the

short time that the plant was operated in Chicago. With the single

exception of the test of the Worcester plant for one week, men-

tioned above, I do not know of any results which can be fairly com-

pared with these, as it is manifestly unfair to compare the entire

operation of one plant with a single set of analyses from another

plant, taken, perhaps, under the most favorable conditions possible ;

and it must be admitted that our knowledge in regard to the total

result of the operation of other chemical precipitation works is

extremely limited.

The erroneous impression which may result from a single set of

analyses was well illustrated by the analyses of sewage and of efflu-

ents from the Chicago works taken at noon, August 14, when the

sewage had reached its full strength, but while the effluent was

mainly from the diluted sewage of the preceding night. The results

of these analyses indicated that 88 per cent, of the organic matters

of the sewage had been removed, and were of course entirely mis-

leading.

The disappointingly low efficiency of the plant is, I believe, to be

attributed solely to the unfavorable conditions for sedimentation

present in the tanks. The violent fluctuations in the flow, indeed,

made it impossible to apply the chemicals to the sewage with that

regularity which is necessary for the best results, and the agitation

of the sewage in passing from the outlet of the sewer to the settling

tanks was such that minute air-bubbles were constantly inclosed in

the preci[)itatc, often causing it to rise at first instead of sinking ; but

in spite of these minor difficulties I believe comparatively good results

would have been obtained had better opportunities for sedimentation

been present. This is strongly suggested by the record of Tank 4,

which, during the first three periods, was protected from the exces-

sive flows at the times of " blows " by sending the extra volume through

* Special Ueport of the Maeaacbuactts State Board of Health on Purlflcatlon of Sewage and Water,

1890.
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the other tanks, and it so received a somewhat smaller and very much

steadier flow. While the tank was so operated it constant!}' gave a

very much better effluent than the other tanks, and for the whole

period averaged a removal of 58 per cent, of the organic matters of

the sewage passing through it at an average daily flow of 456,000

gallons, while all the other tanks for the same time removed only

about 50 per cent, of the organic matters, with average flows of

635,000 gallons daily.

The prejudicial eflect of these excessive flows for short periods is

believed to be mainly due to the general stirring up which they gave

to the contents of the tanks. They did not last long enough for any

of the sewage coming in them to pass through the tanks before the

ordinary rate was restored. The sloping surfaces of the bottoms of

the tanks were always covered with more or less sludge, which was

apparently to some extent loosened and mixed again with the sewage

at these times, and did not again completely settle back, but was

instead carried out by the effluent, reducing seriously the total

efficiency.

It was shown by several series of chlorine determinations that the

incoming sewage did not with any regularity displace the sewage

previously in the tanks, but to a very large extent mixed with it, and

a fraction of it appeared in the effluent almost at once, long before

the displacement equalled the capacity of the tank. This tendency

may have been increased by the irregularities of the flow, as it un-

doubtedly was by the variations in the temperature of the sewage. It

was repeatedly observed that the turbidity of the effluents increased

very much in the latter part of the afternoon, often being two or

three times as great at five o'clock as at noon ; and it was thought

possible that the slightly increased temperature of the afternoon

sewage might have caused it to come at once to the top and flow out,

leaving the colder night and morning sewage in the tanks, or it

may have been simply the effect of the continued higher flow during

the hours in the middle of the day which brought this suspended

matter to the top only after continuing for some hours.

The slowness with which the sludge was removed from the tanks

undoubtedly contributed its share to the imperfect results, although

it nuist be said that sludge was also present in Tank 4 when it was

doing uniformly excellent work with a limited tlow. The sludge

which settled on the conical-shaped bottoms of the tanks did not of

itself settle to the point of the cone, but required to be pushed down
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at intervals of two or three days by a heavy weight which was

pulled back by means of an attached rope. The fact that the lower

plates overlapped the upper and were secured by a row of heavy

projecting rivets, making ledges at every joint, may have had some-

thing to do with the failure of the sludge to slide. The filter presses,

although their capacity was continuall}^ increased as improvements in

details of construction and operation w^ere effected, only removed the

sludge so slowly that there was hardly a time during the whole oper-

ation of the plant when there was not sludge waiting to be pressed.

At times the quantity so held became troublesome by decompos-

ing, and on two occasions, as has already been stated, it was neces-

sary to discharge some of it unpressed into the lake to avoid a

nuisance at the works. There was always plenty of sludge on the

bottoms and sides of the tanks to be washed out when the occasion

was favorable.

Summary.

In an experimental way the sewage cleansing works of the World's

Columbian Exposition have served to indicate some of the peculi-

arities of the form of settling-tank used, and have clearly defined

some forms of construction which should not be repeated.

In a practical way they succeeded in holding back from Lake

Michiiran thirteen hundred tons of sludo^e removed from the sewage

treated, and containing two hundred and fifty tons of actual organic

matters. They prevented the sewage from making a nuisance along

the lake front such as often resulted from one of the city's sewers

discharging untreated sewage just north of the grounds, and they

reduced the danger of infection of the water drawn from the Hjale

Park intake and supplied to the fair grounds and to the southern

part of the city of Chicago.

As an object lesson to thousands of visitors they have given new

ideas as to the possibility and necessity of sewage treatment and as

to modern methods of securing the cleanliness of the waters on which

many cities and towns are located.
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APPENDICES.

APPENDIX I.

Showing Daily Volume of Sewage in Thousands of Gallons.

Day of Month — 1893.
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APPENDIX II.

allowing Percentages of Total Daily Volume for the Different Eours of the Day.

HocB E
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APPENDIX III.

Showing the Number of " Blows'''' on each Day. The actual Number of Blows is

recorded, excej)l that when they occurred at very frequent intervals for a

Number of Hours in sticcession, the Number of Hours has been stcbstituled

for the Number of Blows.

DAT OF MOXTH— 1803. April. May. June.
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APPENDIX IV.

Showing Hourly Variation in Temperature of Sewage.

[Average temperature (in Centigrade degrees) of sewage at the different hours of the day for periods of

ten consecutive days.]

HOCR.
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APPENDIX V.

Showing Hourly Range in the Chlorine of the Setvage and Effluents.

[Average chlorine in sewage or effluent at the different hours for four or five consecutive days.]

[ParU per 100,000.]

HOUR.



618 STATE BOARD OF HEALTH. [Pub. Doc.

APPENDIX VI.

Samples of Sewage and Effluent taken at Noon when the Sewage had reached its

full Co7icentralion and while the Effluent was derived from the Dilute Sewage

of the Preceding Night.

[Parts per 100,000.]
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APPENDIX VIII.

Sliowing the Quantities of Various Substances and the Number of Bacteria in the

Seivagefor Each Person admitted to the Fair Grounds.

lIoNTii — 1893.
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III. Copperas.

[From Washbdrn & Moen, Waukegan, 111.]

Cost, in bulk, $13 40 a ton.

Analysis

Insoluble in water, .

Ferrous oxide, .

Sulphuric acid, .

Moisture and undetermined.

Cost, in barrels,

Insoluble in water, ,

Ferric oxide,

Sulphuric acid,

.

Moisture and undetermined.

IV. Crude Ferric Sulphate.

[From JoBBiNS & Van Rtmbecke, Aurora, 111.]

Analysis

Cost, in l)arrels.

V. Lime.

[From Chicago Union Lime Company
]

1.60 a barrel of 200 pounds,

A7ialysis.

Insoluble in acid,

Alumina and ferric oxide,

Calcium oxide,

Mag'nesium oxide, .....
Water, carbonic acid and undetermined,

.

Lime soluble in water, ....
VI. Lime.

[From IIannibal Lime Co., Hannibal, Mo.]

Co.st, in barrels, $0.75 a barrel of about 170 pounds.

Cost, in bulk, 10.22 a bushel,

0.24 per cent.

25.21

28.50

46.05

132 00 a ton.

12,00 percent.

22.76

45.00

20.24

00 a ton.

0.10 per cent.

1.00

57.10

38.60

3.20 "

55.01

$8 80 a ton.

6 50 »

Analysis.

Alumina and ferric oxide, 1 .50 pei' cent.

Calcium oxide, 95.00 "

Water, carbonic acid and undetermined, . . . 3.50 "

Lime soluble in water, 93.00 "

Even at the hi<rhcr price paid for the Hannibal lime it was a much
more economical lime to use on account of the much higher percent-

age of available lime. The magnesia present in the local lime is

without value in sewage treatment; it simply adds itself to the

sludge.
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During the first weeks an attempt was made to apply chemicals in

proportion to the flow of sewage without having any fixed schedule,

but the plan proved to be too complicated, with the four sets of

chemicals for the four tanks, each of which required separate regula-

tion, particularly during those hours when it was impracticable for

either myself or my assistant to closely supervise the operation, and

after a little while the following arrangement was made and worked

very satisfactorily : a schedule was prepared showing the quantity

of alum, copperas, or ferric sulphate to be dissolved for each tank

at 7.30 A.M., 3.30 and 11.30 p.m. The men on each shift com-

menced work half an hour earlier than these times. Each man

weighed the quantities of chemicals shown by the schedule into the

respective tanks used for this purpose and dissolved them in a tank

full of water, using at tirst steam, and in the summer after the water

became warmer, compressed air to thoroughly stir up the contents of

the tanks. The solutions so prepared were allowed to flow into the

sewage, varying the rates with changes in the flow of sewage as well

as possible, but in such a way as to make the solution last through

and yet be exhausted at the expiration of the eight hours' shift. The

lime schedule was arranged somewhat diflerently. The lime was

always slaked in barrel lots, and the schedule showed the hours at

which lime was to be added. Each lot was made to last until the

next lot was slaked, varying the flow with the flow of sewage as far

as possible within that time.

A constant stream of water was kept running through the lime

box in use to stir up and wash out the lime as required. Water from

a tap instead of sewage was used both for this purpose and for dis-

solving the other chemicals, on account of the practical difficulty of

refjulatino: a small stream of sewajje with the slijjht head available.

Putting the chemicals into the sewage at four points instead of one,

so reduced the quantity and the flow of water required to carry the

chemicals at each point, that when sewage was used for mixing the

chemicals the gates were continually becoming stopped with sewage

matters. The quantity of water used for dissolving the alum, cop-

peras and ferric sulphate was about six thousand gallons daily ; the

quantity used for carrying the lime may be roughly estimated at from

twenty to forty thousand gallons.

The schedules of chemicals were arranged to make the quantities

employed on the diflerent shifts approximately proportional to the

quantities of sewage, some allowance being made, however, for the
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more dilute sewage during the night. Usually the same quantities

of chemicals were used through one week, except that as a rule only

half as large a quantity was required on Sunday, while on special days

the quantities were increased. "With copperas, as much lime was

ordinarily used as would give a strong reaction with phenolphthalein

in the effluent. With ferric sulphate and alum the quantity of lime

used was less and was added more to give a sludge which could

be easily pressed than with reference to the effluent, as sewage is

sufficiently alkaline to decompose these salts without the use of lime.

Variations in the quantities of sewage necessitated very frequent

changes in the chemical schedules, and the proportions of the total

quantities used on the different shifts were also varied to meet chang-

ing: conditions. In calculatinsf the cost of chemicals the weights in

the note books have been taken, and these weights in all cases foot

up somewhat differently from the weights bought, the error usually

being under 3 per cent., sometimes in one direction, sometimes in

the other. During the first part of the time when Alum, I. and Lime,

V. were being used, the costs were very much higher than for cor-

responding quantities of Alum, II. and Lime, VI. During two weeks,

one ending July 14 and the other September 8, the amount of lime

used was limited by the stock on hand.

Quantities in Pounds oj Various Chemicals Employed (by Weeks').

Week ending —
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APPENDIX X.

Distribution of Mineral Matters.

The following table coDtains calculations of the quantities of min-

eral matters in the sewage, chemicals emplo^^ed, sludge and effluent

for the dill'erent periods. Without discussing in detail the method

of calculation, it may be stated that it is estimated that each hun-

dred pounds of lime employed adds one hundred and seventy pounds

to the mineral matters of either the sludge or of the effluents, and

that one hundred pounds of the other chemicals add fifty-three pounds

in the same way.
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APPENDIX XI.

Cost of Constnictioji and of Ojper'ation of Seioage Cleansing Works.

The cost of construction of the sewasfe cleansinoj works was about

$55,000, of which more th:ui $20,000 was for the building. The
approximate costs of operation for different periods are shown in the

following table, in which the expenses are distributed as well as

possible between the treatment of the sewage and the pressing of

the sludge. The figures do not include the cost of superintendence,

the cost of the chemical laboratory, or the cost of burning the sludge,

which was done at an Engle crematory.
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SUMM.\EY OF THE WEEKLY MOETALITY EEPOETS

FEOM CITIES AND TOAVNS.

This summary comprises the returns of deaths made at the end of

each week In- the town clerks, city registrars and other officials hav-

ing in charge the vital statistics of cities and towns.

These returns are compiled each week and published as a bulletin,

one copy of which is sent to each city and town in the State.

These reports are necessaril}' incomplete since they are voluntary,

and comprise the mortality statistics of a part of the population only,

the reporting places being chiefly the cities and large towns.

The estimated population of the cities and towns contributing to

the returns of 1893 was about 1,460,000, or about 60 per cent, of

the total population of the State.

The data embraced in this summary are the following :
—

Average height of barometer for each week.

Mean or daily niaxiinum temperature.

Mean or dailj' minimum teiuperature.

Rainfall expressed in inches.

Total deaths reported for each week.

Deaths of children under five years.

Deaths from infectious diseases.

Deatljs from consumption.

Deatlis from acute lung diseases.

Deaths from typhoid fever.

Deaths fi'om diaiTha?al diseases.

Deaths from scarlet-fever.

Deaths from measles.

Deaths from diphlheria and croup.

Deaths from puerperal fever.

Deaths from whoojjing-cough.

Deaths from malarial fever.

Deaths from small-pox.

Deaths from erysipelas.

[62T]
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Total Deaths.

The whole number of deaths reported for the year 1893 from the

cities and towns contributing to these reports was 30,247, and the

average number per week was 582. The greatest number of deaths

reported in a single week was 788 in the week ending July 29, and

the least number was 427 in the week ending June 24.

The weekly average number of deaths reported for each month

was as follows :
—

January, .
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The average weekly number of deaths of children under five years

of age by months was as follows :
—

January,
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The ratio of reported deaths from consumption to the mortality

reported from all causes was 106.35 per 1,000, while that of pre-

vious years was as follows :
—

1886,

1887,

1888,

1889,

156.0
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The average weekly number of deaths reported from this cause

for each month was as follows :
—

January,

February,

March, .

Ai^ril,

May, .

June,

9
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Scarlet-fever.

The reported deaths from scarlet-fever in 1893 were 527, and the

average weekly number was 10. The greatest number of reported

deaths from this cause in a single week was 21, in the week ending

March 18, and the least number reported in a single week was 3, in

the week ending September 9. The average weekly number re-

ported in each month was as follows :
—

Jauuarj',
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DlARRH(EAL DISEASES.

The diseases included in this group are diarrhcea, dysentery,

cholera morbus and cholera infantum.

From these causes combined the number of deaths reported in

1893 was 2,497, and the weekly average number was 48. The

greatest number reported in a single week was 245 in the week
ending August 5, and there were none reported in the week ending

June 3.

The average weekly number of reported deaths from these causes

in each month was as follows :
—

January,
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REPORTS OF INFECTIOUS DISEASES.

For very many years laws have existed in this State requiring that

notices of cases of diseases dangerous to the public health should be

given to the board of health of the city or town in which they have

occurred ; but the vital importance of such a system of notification

does not appear to have become impressed firmly upon the public

mind until a comparatively recent period. It was not until 1889,

in fact, that a law was enacted in England requiring such notices,

and even then it was made a matter of local option except in London.

The chief advantages of a system of notification lie in the possi-

bility which is thus given to a local board of health to determine the

extent of prevalence of an epidemic or a localized outbreak, and to

inquire into the local causes which have operated to produce it. The

board can then act intelligently in applying the proper remedies for

preventing its further spread.

In Massachusetts there can be no doubt that the law relative to

notification has been productive of excellent results in the prevention

of disease, especially in the cities and large towns. It has furnished

the local boards of health with the necessary information relative to

the origin of outbreaks of infectious disease, and in many instances

enabled them to take timely steps for preventing further outbreaks.

The recent law requiring local boards to keep records upon this im-

portant matter, has furnished information as to the prevalence of

certain diseases in the principal cities and towns of the State. In

the smaller towns it is probable that instances of failure to comply

with the provisions of the statute are much more frequent than they

are in cities.

Up to 1883 no definite authority was given by statute for nt)titi-

cation to the central authority, the State Board of Health. In that

year a law was enacted requiring immediate notice to bo given by

local boards to the State Board of Health of the occurrence of cases

of small-pox.

[6S9]
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Ten years later by the provisions of chapter 302 of the Acts of

1893, it Avas required that reports of all diseases dangerous to the

public health should be made to the State Board of Health.

The following is the act of 1893 relative to reporting dangerous

diseases to the State Board of Health :
—

[Chapter 302 of the Acts op 1S93.]

(1.) "When the board of health of any city or town has had notice of

the occurrence of a case of small-pox or any other disease dangerous to

the public health in such city or town, such board of health shall, within

twenty-four hours after the receipt of such notice, notify the state board of

health of the same.

(2.) If the board of health of the city or town, in which a case of

small-pox or any other disease dangerous to the public health has occurred,

refuses or neglects to send a notice as required in section one, such city or

town shall forfeit its claim upon the Commonwealth for the payment of

any expenses which may be incurred as provided in section eighty-three

of chapter eighty of the Public Statutes.

Since no definite statement was made in this act defining the term

"dangerous to the public health" the Board deemed it proper, in

order to relieve local authorities of uncertainty in the matter, to

specify the diseases which, in the opinion of the Board, should be

thus reported under the provisions of the act.

For this purpose a circular was prepared in which it was specified

that, in addition to small-pox, the following diseases shall be con-

sidered as dangerous to the public health within the meaning of the

foregoing act : scarlet-fever, measles, typJioid fever, dipJUheria,

membranous croup, cholera, yellow fever , typhus fever , cei'ebro-spinal

meningitis, hydrophohla, malignant pustule, leprosy and ti'ichinosis

.

This circular was issued in September, 1893. Previous to that

date very few returns had been received in compliance with the

terms of the act.

The act was approved May 3, 1893, and the first returns to be

received came from the city of Cambridge, which has sent con-

tinuous returns since May, 1893. A few more cities and towns

complied with the provisions of the act during the months of June,

July and August, but no large number of cities and towns made

returns until a circular was prepared notifying them of the enact-

ment of the law. This circular was issued to each city and town in
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September, after which the returns came with regularity from many

cities and towns.

The following is the form of the return recommended by the

Board and issued by it in the form of postal cards to each local

Board of Health :
—

Report of Infectious Diseases to the Stale Board oj Health, as

required by the provisions of Chapter 302, Acts of 1893.

_189

Coses of disease, dangerous to the public health, reported within the past

twenty-four hours to the Board of Health of the T,"!^i' of

Small-pox,

Scarlet-fever,

Diphtheria, .

Membranous Croup,

Measles,

Typhoid Fever, .

Number of Cases of
each disease.

(Signed)
Secretary or Agent of Board of Ilealth.

This postal card report should in all cases be signed by the Secretary or

Clerk of the local Board of Ilealth, or by the authorized Aqent of the Board.
In the blank spaces should be written the /lames of any of the unusual

forms of infectious diseases enumerated below, if such should occur : —
Cholera, Typhus Fever, Yellow Fever, Cerebrospinal Aleningitis, Hydro-

phobia. Malignant Pustule, Glanders and Trichinosis.

The results of these notices are published each week in the

Weekly Bulletin of Mortality and Infectious Diseases.

The following tables embrace the results of these returns for the

fractional part of the year 1893 which elapsed after the enactment

of the law :
—
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Cases of Diseases dangerous to the Public Health reported by Local Boards of

Health to the State Board of Health for the Fractional Year ending Dec.

31, 1S93.

Total number of reported cases of diphtheria and croup,.... 1,109

Total number of reported cases of scarlet-fever, 2,914

Total number of reported cases of typhoid fever, 1,525

Total number of reported cases of measles, . ' 1,503

Total number of reported cases of small-pox, 35

7,086

Additional cases of small-pox reported under the statute of 1883, . . 8

Total, 7,094

The following table shows the distribution of these cases by months

of the year.

Reports were not generally forwarded to the State Board until

after the public notice was given in September, which accounts for

the small number before that date.
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Cases of Infectious Diseases rei^orted to the State Board of Health from One Hun-
dred and Seventy-five Cities and Towns during 1S93.
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Cases of Infectious Diseases, etc.— Continued.
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Cases of Infectious Diseases, etc. — Concluded.
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The following classified list contains the names of those towns

whose boards of health failed to comply with the terms of the

statute of 1893, no reports having been forwarded by them to the

State Board of Health of the occurrence of cases of infectious or

dangerous diseases. The list of towns is classified according ta

population.

I. Cities.

Holyoke.

//. Towns having Popiilatio7is of More than 5.,000 in Each.

Adams,

Andover,

Blackstone,

Clinton,

///. Towns having a

Abington,

Acton,

Ashfield,

Avon,

Barnstable,

Barre,

Belcliertown,

Bellingliam,

Billerica,

Braintree,

Buckland,

Canton,

Charlton,

Chatham,

Chester,

Coh asset,

Colrain,

Dartmouth,

Deerfield,

Dennis,

Dudley,

Duxbury,

East Bridgewater.

Easton,

Fairhaven,

Falmouth,

Freetown,

Georgetown,

Granville,

Great Barrington,

Groveland,

Framingham,

Hyde Park,

Middleborough,

Revere,

Spencer,

Southbridge. — 10.

Population of Over IfiOO but Less than 5,000 in Each.

I

Hadley,

Hanover,

Harvard,

Harwich,

Holbrook,

Holden,

Holliston,

Hopedale,

Hopkinton,

Hubbardston,

Hudson,

Lanesborough,

Lee,

Lenox,

Longraeadow,

Manchester,

Marshfield,

Mattapoisett,

Medfleld,

Merrimac,

Milton,

Nantucket,

Ncedham,

Newbury,

New Marlborough,

Northborough,

North bridge,

Norton,

Norwell,

Orleans,

Petersham,

Provincetown,

Rehoboth,

Royalston,

Sandwich,

Sheffield,

Shelburne,

Sherborn,

Shirley,

Shrewsbury,

Southampton,

South Hadley,

Southborough,

Sterling,

Stockbridge,

Stoughton,

Sudbury,

Sutton,

Swansea,

Temi)leton,

Tisbury,

Walpole,

Wellesley,

Well licet.

West Brookfield,

Westport,

Wil!>raham,

Williamsburg,

Wilmington,

Wrentham.— 91.
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IV. Towns having Less than 1,000 Inhabitants in Each.

Alford,

Ashby,

Becket,

Berkley,

Berlin,

Bernardston,

Blandford,

Boxborough,

Boxford,

Boylston,

Burlington,

Carver,

Cbarleraont,

Chilmark,

Clarksburg,

Cummington,

Dana,

Dunstable,

Eastham,

Enfield,

Florida,

Gay Head,

Gill,

Granby,

Greenwich,

Goshen,

Gosnold,

Hamilton,

Hancock,

Hawley,

Heath,

Holland,

Lakeville,

Leverett,

Leyden,

Lynnneld,

Marion,

Mashpee,

Mendon,

Millis,

Monterey,

Montgomery.

Monroe,

Mount Washington,

Nahant,

New Ashford,

New Braintree,

New Salem,

Norfolk,

North Reading,

Otis,

Pelham,

Peru,

Phillipston,

Plainfield,

Plympton,

Prescott,

Princeton,

Richmond,

Rows,

Russell,

Rutland,

Savoy,

Southwick,

Sunderland,

Tolland,

Truro,

Tyngsborough,

Tyringham,

Washington,

Wendell,

Whateley,

Worthington. — 73.

A review of this classified list leads to some conclusions as to the

causes of the failure of so large a number to comply with the pro-

visions of the statutes.

In the first place, the ratio of the population of the cities and

towns failing to report in each of the foregoing classes as compared

with the total population of the towns of each class shows that the

cities and large towns have complied with the provisions of the act

much more generally than the small towns.

In Class I., the cities, Ilolyoke is the only city failing to comply,

and its population, by census of 1890, constitutes but 2.5 per cent,

of the population represented in Class I.

In Class II. the population of the ten towns failing to report

was 25.7 per cent, of the total population of the towns of that

class.

In Class III. the population of the ninety-one towns failing to

report was 48 per cent, of the total population of the towns of that

class.
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In Class IV. the population of the seventy-three towns failing to

report was 75 per cent, of the total population of the towns of that

class.

This great difference between the action of the authorities of cities

and of small towns in this matter suggests two definite reasons for

the considerable degree of non-compliance with the terms of the

statute.

1. The non-existence of separate local boards of health in small

towns having an organization for sanitary purposes only. An
inquiry of the State Board made a few years since showed that

boards of health independent of the selectmen existed in only one-half

of the towns in the State. This being the case, the selectmen act-

ing as boards of health are largely interested in matters of an

economic or administrative character not closely related to the pub-

lic health, and as a consequence matters pertaining to the .health of

towns are much neglected, and among them, undoubtedly, the re-

porting of cases of infectious diseases.

Many attempts to remedy this defect by legislative action have

been made in past years, but with little success.

2. As a matter of fact infectious diseases do not prevail in

sparsely settled populations to so great an extent as among the

densely settled suburban districts, so that there were undoubtedly

some of the very small towns in which none of the specified diseases

occurred during the year. This fact is brought out very clearly in

the twenty-third report of the Board (1891), wherein is shown the

relation of the mortality from eight different diseases, most of them

of the infectious class, to the density of the population.

While the mortality does not necessarily represent the prevalence

of disease it bears a very close relation to it. In that report it

was shown that for a period of twenty years (1871-90) there were

two towns in the State in which there had been no deaths from

diphtheria and croup, fifteen towns in which there had been no

deaths from scarlet-fever, one town in which there had been no

deaths from typhoid fever, 183 towns in which there had been

no deaths from small-pox and ninety-five towns in which there had

been no deaths from measles.
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FOOD AND DRUG INSPECTION.

The following report comprises the work of the Board for the year

ending Sept. 30, 1893, in the inspection of food and drugs.

The force employed in this department of work was the same as

that of the previous year, and consisted of the following :
—

Dr. Charles P. Wokcester, Analyst.

Prof. Charles A. Goessmann, Aiialyst.

Mr. Albert K. Leach, Assistant Analyst.

John H. Terry, Inspector,

John F. McCaffrey, Inspector,

Horace F. Davis, Inspector.

The work of the Board in this department has been conducted

during the year in the laboratory at 994 Washington Street, Boston,

temporarily occupied for this purpose until the new laboratory in

the State House Extension is completed.

The whole number of samples of food and drugs examined during

the year was 6,409, making the whole number examined 53,573 for

the entire period since the enactment of the general food and drug

acts in 1882. This number (6,409) was greater than that of any

previous year.

The following summary embraces the work done during the year :
—

Number of samples of milk examined,

Number of samples above standard,

Number of samples below standard, .

Percentage of adulteration or deficiency,

Number of samples of other kinds of food (not milk),

Number of samples above standard, .

Number of samples below standard, .

Percentage of adulteration, .

Number of samples of drugs examined.

Number of samples of good quality, .

Number of samples adulterated, as defined

Percentage of adulteration, .

Total examinations of food and drugs.

Total examinations of good quality.

Total examinations not conforming to the statutes,

Percentage of adulteration, .

[651]

.
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It would be manifestly impossible from the statistics presented in

the foregoing table to form a definite conclusion either in relation to

the extent of adulteration of food which exists in Massachusetts or

of its relative prevalence when the same statistics are compared with

those of other countries conducting a similar line of work.

The reasons for the very marked contrast between the results

reported by the British analysts and those of Massachusetts are

stated in the last Report of the Board (24th report, p. 608), and

one of these reasons appears to be shown more clearly in the present

report wherein the general table of statistics has been rearranged in

such a manner as to present the ratio of adulteration of '
' other sam-

ples of food," not including milk.

To what extent the legal standard of milk in Massachusetts affects

the ratio of adulteration, as published in the foregoing table, maybe
shown by the following statement.

Out of 2,235 samples of milk taken by the inspectors of the Board

in the years 1886-1889, the total solids of which were known, and

all of which contained less than 13 per cent, of solids, 1,504 or 67.3

per cent, contained from 12 to 13 per cent, of solids. Nearly all of

these and many more would, under the standards of most countries

which have adopted a standard, have been deemed to be milk of good

standard quality, since the standard in most countries is 11.50 of total

solids. But in Massachusetts all of this number, except those which

were collected in the months of May and June, must be reckoned as

adulterated milk. The effect of this statutory provision upon the

published ratio of adulteration consequently gives to our published

statistics an unfavorable showing, which at the first glance might be

easily misconstrued. The statistics presented in Dr. Worcester's

report for the present year still further confirm this statement.

As a matter of fact, however, actual or intentional adulteration of

this most important article of food is much less common than it was

found to be at the beginning of the period of active enforcement of

the laws relating to food and drug inspection.

The continuous work of the Board and the marked improvement

in local inspection in cities have effected a marked change, which

nothing but vigilant and continuous supervision could have accom-

plished.
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Wliat is Adulterated Milk ?

The high percentages of samples of milk which are shown by the

continuous reports of the Board to be below the legal standard of 13

per cent, of solids make it necessary to make an occasional statement

of the cause.

The term '* adulterated milk," under the statutes of Massachusetts,

may signify milk which is simply below the legal standard of 13 per

cent, of solids and nothing more, or, in other words, a natural milk,

just as produced by the cow, having no other disqualification except

its deficiency in total solids. The ** percentage of adulteration"

reported by the Board in its monthly bulletins is largely made up of

this class of samples.

The second form of *' adulterated milk" consists of milk which
has been subjected to certain alterations by human interference.

These are chiefly the addition of water, the removal of cream, the

addition of coloring matter and of substances employed to preserve

the milk from souring.

This second class is very much smaller in number than the former

class. It is not practicable to separate the two classes and to draw
an exact line between them, but it is certain that the ratio of the

class of samples intentionally adulterated is very much less than it

was before active measures were taken for the suppression of such

conditions.

In 1884 the Board made a large number of examinations of natural

milk, the samples in all cases being collected by inspectors who wit-

nessed the milking. From the results of these analyses it would be

safe to say that out of 100 samples taken at random from 100 animals

throughout the difierent dairies in the State under varying conditions

of breed, of age, time of year and methods of feeding, about thirty

would prove to ])c below the legal standard of 13 per cent, of

solids.

Among this 30 per cent, of animals the ratio of Ilolstein cows
would probably be greater than the ratio of such cows among the 70

per cent, whose milk is found to be above the legal standard.

Very careful attention has been given to this subject in other

countries, where the subject of milk inspection is deemed of very

high importance, both in its sanitary and in its economic rela-

tions.
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In a recent article in the Zeitschrift fur Fleisch und Milch Hy-
giene, Dr. Martiny states that the percentage of the various constit-

uents of milk to be used as a standard must be determined by the

average percentage found in a given district, since this may vary

somewhat. Milk in North Germany is not quite so rich in solids as

that of South Germany, and in the former it shows an average of

3.3 per cent, of fat in 12 per cent, of dried solids, with a specific

gravity of 1031.5, while in the latter the average solids are 12.4 per

cent, and the fat 3.5.

The same writer states his belief that the percentage of fats may
be increased to more than 4 per cent, in a total of 13 or 14 per cent,

of solids by appropriate feeding.

The methods of feeding employed in many of the dairies which

furnish the milk supply of our large cities are those which are in-

tended to secure an increased quantity of milk at the expense of its

quality, and the selection of breeds of cows whose milk is notoriously

poor in quality acts in the same direction of impoverishing the quality

of the milk.

In commenting upon the difficulty of subjecting to inspection the

entire milk supply of a city at frequent intervals, Martiny concludes

that—
1. The sale of milk should only be allowed by officially desig-

nated dealers, and in order to facilitate frequent inspection he sug-

gests the limitation of the number of vendors of milk as is done in

England and in Italy.

2. Dealers should give evidence of an intelligent knowledge of

the requirements necessary for the sale of pure milk both from a

sanitary and from an economic point of view.

3. Milk inspection should not be confined to market milk but

should extend to the dairies.

4. In every city a well-equipped laboratory should be maintained

for the scientific examination of milk.

It is gratifying to know that since the enactment of the general

statute of 1882 (chap. 263), and the work which has followed dur-

ing the ten years or more which have elapsed, very much more

attention has been given to milk inspection by local authorities.

Several of the principal cities of the State employ the services of

trained inspectors who devote either the whole or a considerable

portion of their time to the careful analysis of milk by laboratory
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methods, and the number of such cities which find it to be for their

interest to employ a trained inspector is gradually increasing.

The report of the analyst also shows that the artificial coloring of

milk, once quite a common practice in the large cities, is now very

rarely found, the vigorous warfare against this objectionable form

of adulteration having practically su[)pressed it.

Among the examinations of milk reported by the analyst special

attention is called to the report upon condensed milk, an article

which is now largely used and has a wide Held of usefulness as a

convenient form of food for special purposes.

Food, other than Milk,

In the examination of other kinds of food during the year special

attention has been given to the examination of the most important

and widely used of all foods — bread; and also of cheese, another

valuable article of nutriment.

The points of interest noted in regard to bread are the weight of

loaves, the percentage of water and of solids, the per cent, of ash

in terms of solids, the acidity and the price charged for each loaf.

The average weight of loaves was found to be 404 grammes, or

13^ ounces.

The per cent, of moisture was quite uniform, in most instances

being about 42 or 43 per cent, of the weight of the loaf, leaving 57

or 58 per cent, of solids.

The price was quite uniformly five cents per loaf, rarely four

cents, for loaves of ordinary size and weight.

No adulterations are mentioned by the analyst, and at the low

price of Hour in the United States the adulteration of Hour or of

bread is of extremely rare occurrence.

The examination of samples of cheese showed a fairly uniform

quality and price, the latter being at sixteen cents per pound.

Omitting four samples of special sorts, the average total solids

were found to be 66. 3 per cent., the fat 35 per cent., the solids, not

fat, 31.3 per cent., and the water 33.6 per cent.
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The following tables present the usual statistics relative to the

notices sent by the Board to parties (usually retailers) from whom
samples of adulterated food or drugs have been obtained during the

year :
—

Cities and Towns to ivhich Notices tcere sent on Account of Adulterated Articles of

Food other than Milk.

Adams, 4
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Cities and Towns t^ tvhich Notices were sent on Account of Adulterated Drugs.

Adams,
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Under the provisions of chapter 289 of the Acts of 1884, which

require the Board to report annually to the Legislature the " num-

ber of prosecutions made under" the food and drug acts, " and an

itemized account of all money expended in carrying out the pro-

visions thereof," the following report was transmitted to the General

Court in January, 1894 :
—

Office of the State Board of Health,
13 Beacon Street, Boston, January, 189-1.

To the Honorable Senate and House of Representatives of the Commonwealth of
Massachusetts, in General Court assembled.

The following summary is made in compliance with the provisions

of chapter 289, section 2, of the Acts of 1884, requiring the State

Board of Health to " report annually to the Legislature the number

of prosecutions made under chapter 263 of the Acts of 1882, and an

itemized account of all money expended in carrying out the provi-

sions thereof."

The whole number of prosecutions made by authority of the Board

against offenders, under the provisions of the food and drug acts,

for the year ending Sept. 30, 1893, was 96.

The cities and towns in which the articles were sold, and in

respect to which complaints were entered in court, the character of

the articles found to be adulterated, or fraudulently sold, the dates

of the trials and their result, are presented in the following table :
—

Milk and Milk Products.

Complaints Filtered for Fraudulent Sales of Milk.

Place.

In Boston, .

Cambridge,

Cambridge,

Chelsea, .

Fall River,

Fall River,

Full River,

Fall River,

Fall River,

Fall River,

Salem,

Salem,

Salem,

Date.

Aug. 1, 1893,

June 9, 1893,

June 17, 1893,

March 24, 1893,

April 27, 1893,

May 4, 1893,

May 4, 1893,

May 4, 1893,

May 4, 1893,

June 20, 1893,

April 29, 1893,

April 29, 1893,

April 29, 1893,

Result.

Convicted.
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For Fraudulent Sales of Milk— Continued
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For Fraudulent Hales
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Place.

In Tail u ton,

Fall River,

Fall River,

In Fall River,

In Hardwick (Gilbertville), . Oct

North Adams, . . Dec. 17, 1892,

Pepper.

In Hardwick (Gilbertville), . Oct. 31, 1892,

Fall River, . . . April 20, 1893,

Taunton, . . . Sept. 23, 1893,

Molasses.
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SUIVIMARY.

The whole number of complaints entered by the State Board of

Health in the courts of the Commonwealth against parties for viola-

tion of the acts relating to food and drug inspection was 96. In

92, or 95.8 per cent, of these, the parties were convicted. Four
were discharged, either in the lower or in the upper courts.

Of the foregoing cases, 61 were for violation of the laws relating

to milk adulteration, of which number 60 resulted in conviction.

Nearly all of the cases entered for violation of the statutes relat-

ing to the sale of milk were entered under the statute which pro-

vides that milk offered for sale shall be of good standard quality,

the standard being defined by law.

Six complaints were entered under the oleomargarine laws, each

of which resulted in conviction.

There were also twenty-six complaints for fraudulent sales of

other articles of food, in all of which except two the parties were

convicted. In one of these, a complaint for fraudulent sale of maple

syrup, it was claimed that the crate or wholesale package was

marked with the word "compound," although the retail package

had no such mark to indicate the character of its contents. This

is only one of many instances which illustrate the difficulties which

are liable to arise under the provision by which certain articles may
be sold of an inferior quality, "provided that the same are not

injurious to health, and are distinctly labelled as mixtures or com-

pounds."

The articles of food embraced in the foregoing list were the fol-

lowing :
—

Maple syrup, 3 cases ; maple sugar, 2 ; honey, 1 ; coffee, 6

;

molasses, 3 ; cassia, 1 ; cloves, 2 ; pepper, 3 ; mustard, 3 ; cream

of tartar, 2.

Of the samples of drugs which were the cause of complaints at

court, one case was for refusal to furnish samples to an inspector

;

another was for a sale of a poisonous cosmetic ; and the other was

for a sale of McMunn's Elixir, which was not properly marked with

a poison label, in compliance with the Statute of 1888 (chapter

209).

"^rhe standard of whole milk in Massachusetts is 13 per cent, of

solid residue, except in the months of May and June, when it is 12
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per cent. The following list presents the total solids in the sam-

ples of milk upon which complaints in court were founded :
—

4.72 9.80 10.33 10.70 11.15

8.25 9.82 10.40 10.73 11.16

8.48
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Expenditures

Under the Provisions of the Food and Drug Acts during the Tear ending Sept.

30, 1893.

For the Esforckment of the Statctks

BELATISQ TO FOOD AND DRDQ
Inspection.

Relative to Milk

and llllk Products.

Relative to Other

Kinds of Food and
Drugs.

Salaries of analysts.

Salaries of inspectors, .

Travelling expenses and purchase of
Apparatus and chemicals,
Rent at Harvard Medical School,
Chemical analysis (by other chemists)
Furniture and fittings at laboratory,
Legal services, ....
Printiner,

Gas, "

Extra services, ....

Total,

$2,700 00
2,400 00
997 05
145 00
75 00

20 00'

45 00
4 85
20 00

$6,406 90

$1,700 00
1,500 00
664 70
90 63
50 00
2 00
6 52

13 36
20 00

$4,047 21

6,406 90

),454 11

SAM'L W. ABBOTT,
Secretary.



EEPORT OF DE. C. P. WORCESTEE, ANALYST.

[667]





REPOKT OF DR. C. P. WORCESTER, ANALYST.

Dr. S. W. Abbott, Secretary of the State Board of Health.

Dear Sir : — I have the honor to present my report on the

analysis of food and drugs for the year ending Sept. 30, 1893.

The work during this year has been done in the room rented by

the Board for the purpose, at 994 Washington Street. The labora-

tory has proved sufficient for the ordinary routine work, but for any

investigation involving special apparatus its resources are too limited.

The routine analysis this year has been similar to that of previous

years.

Milk.

Total
Milks Col-

lected.

Above
Standard.

Below
Standard.

Percent.
Below

Standard.

Lowest
Sample.

Number of
Skimmed
Milks.

Citlea,

Towns,

Baspected producers,

MiBcellaneous, .

Total milks.

1,931

639

482

21

1,001

375

159

10

930

264

323

11

48.1

41.3

67.0

52.4

3,073 1,545 1,528 49.7

7.42

9.19

4.72

4.72

The percentage of samples below standard is 49.7, practically the

same as that of last year, which was 48.2 per cent.

The relative advantages of the various processes for the analysis

of milk have been discussed at great length in the many text-books

and in meetings of analysts the world over. For the purpose of

determining the total solids there is no readier method that is rea-

sonably accurate than the evaporation of a weighed quantity of milk

over steam in tlat-bottomed platinum capsules. The determination

of the fat b}' benzine extraction of this dry residue has proved an
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easy method, but it is accurate within rather wide limits, and there

is an element of danger in the evaporation of large quantities of ben-

zine in the laboratory.

These objections are met by the so-called Babcock process for the

estimation of fat "vvhich we have adopted during this year. This

process is too universally known and accepted to require any descrip-

tion. It depends upon the decomposition by sulphuric acid of the

proteids of a measured quantity of milk and the subsequent separa-

tion of the clear fat in a form to be easily measured. The complete

separation of the fat is accomplished by means of a centrifugal

rotator.

The actual work involved in this process is but little more than in

the benzine extraction, and the results are much more accurate.

The accuracy of the process is universally admitted. In compara-

tive analyses our experience has been that the fat by the Babcock

method has always exceeded that found by the benzine extraction,

while it closely agrees with the accurate but tedious ' ' Adams proc-

ess," in which a weighed quantity of milk is dried on a coil of c. p.

filter-paper, and is subsequently treated with ether or benzine in a

Soxhlet extraction apparatus.

The Babcock process is particularly useful in estimating the fat

of skimmed or of sour milk, for the old benzine extraction of the

dried solid residue in these instances has always been most unsatis-

fjictory, since the residue is so hard and solid in the case of skimmed

or sour milk that the fat solvent has difficulty in penetrating.

As in previous years the determination of fat has been confined to

the poorer samples.

There have been found this year but few specimens of milk sophis-

ticated with artificial coloring or preservatives. The color used in

these cases was annatto ; the preservative, boracic acid.

The following tables show in detail the result of the analysis of

milk from the cities and towns of the State in which collections were

made (excepting the four western counties), and also from suspected

producers.
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Milk from Cities.

Total
Milks Col-

lected.

Above
Standard.

Below
Standard.

Percent.
Below

Standard.

Total
Solids in

Lowest
Sample.

Number of
.Skimmed
Milks.

BoBton,
Brockton, .

Cambridge,
Chelsea,
Fall River,
Fitchburtr,
Gloucester,
Lawrence,

,

Lowell,
Lynn,
Maiden,
Marlborough,
Newton,
New Bedford,
Qulncy,
Balom,
8oraer\'llle,

Taunton, .

Wallham, .

WoburD, .

Worcester,

175
12

323
131
101
24
90
24
12

141
148

8
78
20
24
99
294
56
40
81
44

111
7

175
61

67
7

27
15

7

49
18
9
58

134
43
30
40
22

1,931 1,001

64
5

148
70
34
17
63
9
3

95
82
1

29
8

15
41
160
13
10
41

36.6
41.7
45.8
53.4
33.6
70.8
70.0
37.5
25.0
67.3
55.4
12.5
37.2
30.8
62.5
41.4
54.4
23.2
25.0
50.6
50.0

11.24
11.51
8.53
8.62
9.35
9.40

12.03
7.42
8.93

12.63
9.94
11.17
10.50
9.15
9.75
9.82
11.42
10.26
10.82

48.1 7.42

Milk from Towns.

Towns.
...Total

I

Above
Milks Col- standard,

lected.

Below
Stap.dard.

Per Cent.
Below

Standard.

Total
Solids In

Lowest
Sample.

Xumberof
Skimmed
Milks.

Adams,
Brookline,
Canton,
Dedhara, .

Everett, .

Framlnghara, .

Greenfield,
Hull, ....
llyde Park,
Marblehead,
Mcdford, .

Milford, .

Natick,
Norwood, .

Orauge,
Plymouth,
Proviiicetown, .

Randolph,.
Revere,
Btonehnm,
Stoughton,
Wnkefleld,
Warehani (Onset Boy),
Watertowu,
Weymouth,
Wlnlhrop,

12
83
17
54
57
6

12
13
69
12
72
12
24
21
12
4
40
10
84
16
21
6

13
13
8
9

10
48
13

37
29
4
10
4

27
8

30
4

21
13
7

1

29
10
16
6

16
3
9
6
6

16.6
42.2
23.5
31.5
49.1
33.3
16.6
69.2
64.2
33.3
58.3
66.6
12.5
38.1
41.6
75.

27.5
0.0
52.9
62.5
23.8
40.

30.7
61.5
25.

0.0

12.11
11.83
9.S4
10.02
10.40
11.32
12.50
10.00
10. to

9.19
9.38
11.80
12.39
9.81
10.06
11.47
9.28
13.40
10.45
11.80
12.

U

11.19
12.08
10.35
12.35
12.70

9.19
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Milk from Suspected Producees.

SCSPECTED PEODUCEBS.
Total

MUbs Col-
lected.

Above
Standard.

Below
Standard.

Per Cent.
Below

Standard.

Acton,

Berlin,

Billetica, .

Brookfield,

Carlisle, .

Charlton, .

Chelmsford,

Concord, •

Dover,

Framingham,

Grafton, .

HoUiston, .

Hopedale, .

Hopkinton,

Lincoln, .

Littleton, .

Maynard, .

Medfield, .

Medway, .

Mendon, .

Millis,

Norfolk, .

Northborough,

Norwood, .

Salisbury, .

Bhirley, .

Southborough,

Sutton,

Upton,

Waltham, .

Walpole, .

Wenham, .

Wegtborough,

Werttport,

.

Wrentbam,

15

15

19

5

5

39

19

4

12

6

12

4

4

8

15

22

6

46

3

13

9

3

12

28

18

6

5

10

17

4

21

11

34

20

12

4

7

12

1

27

13

6

4

5

5

10

2

4

3

3

5

11

8

3

1

1

2

4

2

4

10

2

11

8

7

5

4

12

6

4

6

6

12

4

4

4

10,

17

6

36

1

7

17

10

6

2

9

16

2

17

9

30

10

10

823

73.3

53.3

36.8

100.

80.

30.8

31.6

100.

50.

100.

100.

100.

100.

50.

66.6

77.3

100.

78.4

33.3

69.2

66.6

0.0

68.3

60.7

65.5

100.

40.

90.

94.1

50.

80.9

81.8

88.2

.00.

83.3

67.0
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The comparison of the quality of samples b}' months is of some

interest in view of the efforts made to reduce the standard during

the spring and summer months.

For this purpose the following tables have been prepared, show-

ing the percentage of adulteration during the months of the pre-

ceding as well as of the present year, with l)oth 12 and 13 per cent,

assumed as a standard through the whole year :
—

Qlalitv of Milk bv Months. Yeau Ending Sept. 30, 1892.

lIOhTHS.
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Condensed Milk.

Samples of condensed milk and so-called "evaporated cream"

were analyzed for total solids and fat with the following results, the

fat being obtained by benzine extraction :
—

ISSPECTORS"

XCMBER.
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ISSPECTOKS" XCJIBER.
Per Cent.
Solids.

Per Cent.
Fat.

Percent. Per Cent.
Solids ^ya,„.

>ot tat.

Per Cent.
Fat In

Total Solids.

Price per
I'ouiul.

6231 .

52-20 .

5227 .

5325 .

.5327 .

5331.

5333.

5335.

5323.

5821 .

5815.

5817.

5S19.

6S11.

5809.

5813.

5827.

5825.

5829.

5831.

5837.

5835.

5833.

5839.

5903.

5889.

5895.

6573.

5901.

5897.

5899.

5329*

5337

1

53391

17279t

Avernge,§

j
68.14
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It will be noticed that with few exceptions the uniform retail

price of whole-milk cheese was found to be sixteen cents per pound.

The exceptions were the skimmed-milk cheeses and remnant lots of

poor quality which were cheaper and the extra cream cheeses which

were more expensive. This means two-thirds of a pound of milk

solids for sixteen cents, or one pound for twenty-four cents. Now,

twenty-four cents will buy at retail, as a rule, four quarts of standard

milk, which contain approximatel}^ one pound of milk solids. Weight

for weight, then (water excluded), cheese and milk are sold prac-

ticall}' at the same rate. It should be added, however, that nearly

one-third of the milk solids is sugar, a much cheaper element of

food than the fat and proteids which are in greater proportion in

cheese. The percentage of fat determined by the Babcock process

in terms of solids averaged 53 per cent., a somewhat high ratio.

Of standard milk the fat is 28 per cent, in terms of the solids, the

smaller ratio being due chiefly to the excess of sugar in the milk

solids.

Butter,

In but one instance has the fraudulent substitution of oleomarofa-

rine for butter been found. Four hundred and seventeen samples

of butter have been analyzed and twentj^-four of oleomargarine.

Bread.

Fifty-nine samples of bread, chiefly of cheap white bread, were

collected from the poorer classes of bakeries and grocers' shops in

order to ascertain what sort of bread is furnished to the poorer

classes who usuall}'^ depend on the "corner grocery" for their

supply.

Inspection showed, as a rule, loaves which were not far from the

standard "home-baked family loaf." They showed, as a rule, a

thorough baking, though there were not a few exceptions to this

rule; they were well "raised," had a good crumbling fracture,

were not tough and soggy, nor, on the other hand, were they over-

raised, with a dry and spongy texture. The majority had the

sweet, agreeable odor and taste described as the "nutty flavor"

characteristic of a well-made loaf. In a number of instances, how-

ever, there was distinctly perceptible a musty flavor, amounting in

some cases to a downright sour odor and taste. This sourness

seems, at least in part, to be due to a bacterial growth attended by
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the production of lactic acid or of acid salts. At what stage in the

process of manufacture this incipient decomposition has taken place

it is impossible to determine without a careful investigation of each

step in the process of making every loaf.

The souring of bread may usually be traced to poor materials or

to uncleanness in the manufacture. Chief among the unsound mate-

rials which may contribute toward this sourness are usually noted

damaged Hour and decomposing yeast. So far as has been investi-

gated the u.se of unsound flour is not practiced in this part of the

country. The yeast generally used is of excellent qualit}'. It is a

stiff, smooth mash, put up usually in small tin-foiled cakes, and

kept in a cool place. Under the microscope this mash is seen to be

composed of about equal parts of potato or corn starch and yeast

spores. It has a distinct yeasty odor, and but rarely is it strongly

acid in reaction. To the almost universal use of good sweet yeast of

this variet}' in the small bakeries is doubtless due no small share in

the great improvement in quality of the common baker's loaf of to-

day as compared with that of ten or more years ago.

A vigorous, pure yeast which will "raise" quickly is a great

preventive against sour bread, for not only is it comparatively free

from the germs and products of lactic acid decomposition, but by
doing its work quickly it enables the baker to check the fermenta-

tion or '* raising" process before the lactic acid or sour decompo-
sition is reached.

The degree of sourness of the samples of bread examined has

been roughly measured and compared by titrating or neutralizing

10 grammes of the crumb, rubbed up with water, with a decinormal

soda solution. To neutralize the acidity of 10 grammes of the nor-

mally sweet loaf an average of 2 cubic centimeters of the soda solu-

tion was required. This would correspond to 0.72 grammes of

lactic acid per loaf of an average weight of about 400 grammes.

The loaf exhibiting the maximum sourness or acidity required 10

cubic centimeters per 10 grammes of bread corresponding to 11.61

grammes of lactic acid per loaf of 1,21)1 grammes.

The so-called black bread (rye bread), which tinds a ready sale

among our foreign population, is notably sour and heavy, and ap-

parently its sourness is valued by this class. A sour bread is un-

desirable, not only l)ecause it is unpalatal)le but also because of the

bacterial processes of decomposition which this acidity indicates,

and which may seriously interfere with digestion.
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Bread.
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Bread— Concludetl.

ISSPKCTORS'
^'CMBEIt.



680 STATE BOARD OF HEALTH. [Pub. Doc.

Cassia.

Adulteration, 7 per cent. Adulterants found were ginger, bark

of some variety, wheat, pease, sawdust and nut shells. The worst

specimen contained 75 per cent, of wheat.

Cayejine.

Adulteration, 38 per cent. Adulterants found were corn, wheat,

ginger, nut shells and turmeric. The worst specimen contained 90

per cent, of wheat, corn, turmeric and cocoanut shells. Many of

these samples were purchased as " capsicum" from drug stores, and

in these instances the percentage of adulteration was higher than the

average.

Cloves.

Adulteration, 13 per cent. Adulterants found were corn, wheat,

allspice, nut shells, pease, ginger, pepper, charcoal, dirt, turmeric

and clove stems. The worst specimen contained 70 per cent, of

nut shells, pease and ginger.

Ginger.

Adulteration, 7 per cent. Adulterants found were corn, wheat,

rice and turmeric. The worst specimen contained 40 per cent, of

corn and turmeric.

3Iace.

The only adulteration found was the apparently accidental ad-

mixture of other spices in one instance.

3fusta7'd.

Adulteration, 27 per cent. Adulterants found were wheat, corn,

rice, cayenne, nmstard hulls, tapioca and turmeric, the latter being

added for color both in the ground form and in the form of an ex-

tract. The worst specimen contained but a small trace of mustard,

the other constituents being the first four of the above-named adul-

terants, colored with turmeric.

J)hctmeg.

No adulteration found.
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Pepper.

Adulteration, 11 per cent. Adulterants found were wheat, buck-

wheat, corn, sawdustj cayenne, nutshells and charcoal. The worst

specimen contained 90 per cent, of wheat, buckwheat and cayenne.

Baking Powder.

Of eight brands of baking powder examined, six contained alum.

Canned Goods.

Of nineteen samples of canned goods of various kinds, none were

found to contain any harmful preservative or metallic poison.

Chocolate.

No adulteration was found in the five samples submitted.

Confectionery.

Of the tifty-nine samples examined, all but two were composed of

edible and non-injurious constituents, such as cane sugar, glucose,

and wheat, corn and potato starch. Two samples contained paraffin

in considerable amount and turpentine, which was added doubtless

under the name of " Essence of Lemon."

Coffee.

Adulteration, 30 per cent. Adulterants found were chicory,

pease, wheat, wood, charcoal and dried grains composed of ground

pea hulls and molasses. The worst case of adulteration contained

50 per cent, of pease and chicory, while a ' compound coffee" was

found to contain no coffee whatever, A coffee substitute and adul-

terant was found to consist of small brown pellets of about the si/.e

of coffee beans, but composed of wheat mash, mixed with a red

oxide of iron for a color, and roasted.

Cream of Tartar.

Adulteration, 3 per cent. Adulterants found were gypsum, corn

starch and i)hos[)hatc of calcium. The adulteration of cream of tartar

is now comparatively rare. The worst sample contained 75 per cent,

of calcium phosphate and corn, while a " compound cream of tartar"

was found to contain no cream of tartar whatever.
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Honey.

Adulteration, 14 per cent. The only adulterant found was glu-

cose syrup, which was found in varying amounts up to 40 per cent.

The analysis of honey, sugars and syrups is made by means of the

polariscope.

Molasses.

Adulteration, 11 per cent. The only adulterant found was glu-

cose syrup, which was present in one instance to the extent of 40

per cent.

Maple Syriqj.

Adulteration, 43 per cent. Adulterants found were cane sugar

other than maple and glucose. The worst specimen was a so-called

" Vermont Maple Syrup," containing 58 per cent, of glucose syrup.

Maple Sugar.

Adulteration, 34 per cent. The adulterant found was a crude

molasses sugar, which chemically is nearly identical with maple

sugar, but whose flavor is totally different.

Syrup.

Only one sample of the fifteen submitted was found to be adulter-

ated, but that contained 50 per cent, of glucose.

Lard,

Adulteration, 28 per cent. The adulterants found were cotton-

seed oil and tallow.

Tea.

None was found to contain other than genuine tea leaves, and but

one sample contained too much mineral matter indicating spent

leaves. The rigid examination of teas at various ports of entry by

government inspectors regularly appointed for that purpose has

resulted in practically shutting out spurious teas from our market.

Vinegar.

Adulteration, 34 per cent. Any failure to conform to the legal

standard of 4.5 per cent, of acetic acid and 2 per cent, of apple solids

constitutes iidulleration. Samples may contain too little acetic acid
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either from insufficient fermentation of the cider or from dilution

with water. An insufficiency of apple solids indicates watering, and

the substitution of other solids indicates that the vinegar is made at

least in part ])y the fermentation of materials other than cider,

—

notably molasses. The greater number of adulterated samples fell

but slightly below the standard.

Olive Oil.

Adulteration, 26 per cent. The adulterant found was cotton-seed

oil. Many of the cotton-seed oil sul)stitutes for olive are now labeled

" sweet oil" or " salad oil," terms of such an indefinite significance

that technically there is no deception.

Miscellaneous.

Of IK) samples of a miscellaneous description 24 were found not

of good quality. Of this numl)er were samples of picMes containing

notable quantities of alum ; dried cqyjiles containing consideral)le

traces of zinc ; ca(suj) containing salicylic acid
; fruit symtps contain-

ing salicylic acid, in some instances to the extent of 0.47 per cent.
;

salt fisJi preserved with boracic acid.

Among the novelties of this class was a sample of " kustard " which

proved to be a mixture of corn starch and salt flavored with cou-

marin.
Summary of Food Statistics.

Genuine.
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Drugs.

Of this class, 327 samples were examined. Ninety-nine proved

to be not of Pharmacopceal quality.

Acidum Benzoicum: 3 standard.

Acidum Hydrobromicum : 2 standard.

Acidum Tannicum: 15 standard; 1 inferior, containing a resin

insoluble in water.

^ther : 6 standard ; 2 inferior, containing too much alcohol.

uSlher fortior : 3 standard.

Alcohol: 15 standard.

Aqua Ammonke: 5 standard; 2 inferior, containing too much
water.

Aqua Atnmonice fortior : 5 standard.

Aqua Destillata: 1 standard.

Bismuthi Suhnitras: 2 standard.

Cerii Oxalas: 2 standard.

Chloroform: 3 standard.

Extractum Glycyrrhizoe : 1 standard ; 2 inferior, containing con-

siderable amounts of corn and wheat starch.

Extractum Malti: 1 of good quality.

Ferri et Quininm Citras: 7 not of the Pharmacopceal standard.

Glycerinum: 16 standard; 3 inferior, containing oils reducing

nitrate of silver, one sample containing petroleum.

Iodoform: 1 standard.

Lycopodium: 2 standard.

Liquor Magnesii Citratis: 2 standard.

Magneaii sulphas : 1 standard.

Oleum Olivm: 9 of good quality; 2 cotton-seed oils.

Opii Pidvis: 10 standard, 2 inferior, containing too little mor-

phine.
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Potasfiii Acelas: 5 standard ; 3 inferior, containing considerable

carbonate and chloride.

Pofassii Citras: 6 standard.

Potassii lodidinn: standard; 1 inferior, containing a consider-

able amount of chloride.

Potttfisii Permanganas: standard.

Pulvis Effervesceiifi Compositus: 13 standard in quality, but of

considerable variety of weight, and the blue and white papers trans-

posed in two instances.

Pulvis Glycyrrhizoi Compositus: 1 of inferior quality.

Pulvis Rhei: 9 standard.

Quinince BisuljyJias : 1 standard.

Quinince Sulphas: 7 standard.

Spiritus Frumenti : 2 standard ; 1 inferior, containing too much
solid matter, chiefly sugar. The percentage of alcohol varied from

41 to 53.

Spirilus Ju7iij)e7'i: 2 of good quality and 2 inferior, being largely

diluted with water.

Spiritus Lhnonis: 1 standard.

Spiritus Villi Gallici: 2 standard.

Sulphur Latum : 12 standard; 1 inferior, containing 50 per cent,

of gypsum.

Si/rupus: 1 standard; 1 inferior, containing too much water.

Tinctura Aconiti: G standard.

Tincfura lodi : 3 standard; 10 inferior, containing too little

iodine, the deficiency being from 5 to 30 per cent.

Tinctura JVucis Vomicae: 4 standard ; 5 inferior. This tincture

should contain 2 per cent, of the dry extract. The samples sub-

mitted contained from 2.19 per cent, to 0.6 })er cent.

Tinctura Opii : 25 standard ; 27 inferior. This tincture should

contain 1.3 to 1.5 per cent, of m()r[)hine by the Pharmaco})ccal assay.

The samples submitted contained from 2.19 per cent, to 0.66 per
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cent., the strongest tincture being more th;\n three times as strong

as the weakest.

Vhuim Album: 4 samples not of Pharmacopoeal quality, contain-

ing too much solid residue, chiefly sugar. The alcohol also was

found to be from 1 to 3 per cent, in excess.

Vinum Ruhriim: IG samples not of Pharmacopoeal quality. Here

again there proved to be a large excess of sugar, while the alcohol

varied from 2 per cent, below to 3 per cent, above the standard.

Zingiber: 1 standard.

Miscellaneous: 12 of good quality; 1 not of good quality. In

this class were included samples of non-poisonous insect fluids com-

posed of benzine, alcohol, peppermint, pennyroyal and borax.

A " wild cherry beverage" contained no hydrocyanic acid.

A sample of patent obesity pills contained nothing to be detected

but sugar.

A sample of " freckle lotion" contained forty grains of corrosive

sublimate per bottle.

Other face washes selling at one or two dollars per bottle were

found to contain alcohol and citric acid in solution, and sulphur,

chalk and gypsum in suspension.

A sample of "Black Pepsin" was found to consist of ground

annatto and salt. It gave a slight pepsin digestion reaction.

A sample of " Compound Extract of Salix," prepared for pre-

serving eggs, fruit and vegetables, proved to be salicylic acid.

Summary.
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PROFESSOR GOESSMAXN'S REPORT.

The following report comprises the results of the analyses of

samples of milk obtained in the four western counties of Massachusetts

during the 3'ear ending Sept. 30, 1893.

The whole number examined was 187, of which 38, or 20.3 per

cent., were below the standard. This result was but slightly

greater than that of 1892 for the same district, which was 19.8

per cent.

The results of analyses were as follows :
—

Whole number examined,

Xumber above stanilavd, .

Number below standard, .

Percentage below standard,

Samples of skimmed milk.

187

149

88

20.3

The statistics of the cities are as follows :
—

CnicoPEE.

Number of samples,

.

Number above standard, .

Number below standard, .

Percentage below standard.

Skimmed milk, .

Number of samples,.

Number above standard, .

Number below standard, .

Percentage below standard.

Skimmed milk, .

Number of samples,

.

Number above standard, .

Number below standard, .

Percentage below standard,

Skimmed milk, .

Holyokp:

PnTSFIEI.D

16

14

2

12.5

16

16

9

15

9

6

40.0
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ISOLATION HOSPITALS FOR INFECTIOUS DISEASES.

By S. W. Abbott, M.U., Secretary of the Board.

An increased demand, during the past two years, from the author-

ities of cities and large towns, and especially from manufacturing

towns, for information on the subject of infectious disease hospitals

has formed the incentive to the compilation of the following paper.

The essenti'al ditlerence between hospitals established for receiving

patients attacked with infectious disease and other hospitals consists

in the fact that tiie latter, the general hospitals, are maintained mainly

for the purpose of affording care and treatment for the individual,

while the former, the infectious disease hospitals, in affording this

care and treatment also provide for the protection of the community

at large, and thus constitute one of the essential measures for pre-

venting the spread of infectious diseases by furnishing the means for

isolating the first cases which appear in any community.

The principal reasons for providing these establishments in large

cities are the following :
—

First. Isolation constitutes the first and essential principle in the

preventive treatment of the majority of infectious diseases. The

more perfect the barrier between the sick and the well the greater

becomes the certainty of staying the spread of infectious disease.

On the other hand, the increasing accumulation of our population

in the cities has a tendency to favor the spread of such disease.

The urban population of Massachusetts (j. e., people living in

cities having more than 8,000 inhabitants in each), was only 27.1

per cent, of the total population of the State in 1840. In 1880

it had increased to 58.4 per cent., and in 1890 to (39.1) per cent.

The urban population of the United States had also increased from

22.6 per cent, in 1880 to 29.1 per cent, in 1890.

To illustrate the effect which this crowding together of the popu-

lation has upon the mortality from infectious diseases the following

data arc })resented. They are the result of observations upon this

subject extending over a period of twenty years in Massachusetts,

[691]
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and were published in the twenty-third annual report of the State

Board of Health, page 783, etc. They are here more conveniently

grouped together in one table.

Mortality from Eight Principal Infectious and Destructive Diseases in Dense,

Medium and SjKtrscly Settled Districts in Massachusetts, that of Dense Dis-

tricts being taken as 1,000.
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towns have not only rigorously enforced the hiw relating to non-

attendance at school, but have also quarantined the whole family,

old and young ; so that, by this means, the scholar is deprived of

from two to ten weeks, or even more, of his educational privileges

at the most important or most receptive period of his life, the

length of time depending upon the duration of illness in the infected

household; and more than this, the father and other wage-earners

have been kept from work in the mill, the factory or the workshop.

Even if he is allowed to work, his fellow workmen are wont to

regard him with suspicion so long as a case of any one of the in-

fectious fevers exists in his household. Now, the prompt removal

of such cases permits the school attendance and the employment of

other members of the family to go on undisturbed.

In all my experience with local boards of health during the past

few years, I know of no circumstance or condition which has given

more serious trouble and perplexity than this, nor do I know of any

which is likely to be relieved to so great an extent as is this condi-

tion by the introduction of the isolating hospital.

So far as one disease (small-pox) is concerned, the principle of

isolation in a hospital specially provided or designed for such pur-

pose has been recognized from a very early period of our history.

In 1701 an act was passed by the General Court "for the better

preventing the spread of infection," wherein it was provided that

" when persons were visited with the plague, small-pox or pestilen-

tial or malignant fever, and other contagious sickness, the infection

whereof may be communicated to others," the selectmen were em-

powered to remove such infected persons to separate houses, and to

provide " nurses, tendance and other assistance and necessaries for

them, at the charge of the parties themselves, their parents or mas-

ters (if able), or otherwise at the charge of the town or place where

they belong."

Small-pox has been shorn of much of its terrors by the discovery

and practice of vaccination, so that while in the last century it fur-

nished a very large percentage of the deaths the ratio of such mor-

tality in the present century has been very greatly diminished.

The number of deaths from small-pox in the twenty years (1871-

1890) in Massachusetts was 2,298, while those from measles, scarlet

fever, diphtheria, croup and typhoid fever were, respectively, 3,984,

14,(539, 3(5,553 and 19,421, If the ratio of cases to deaths main-

tained the average which has usually been ol)served, the total num-

ber of cases of these diseases which occurred in the State duriuji
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these twenty years must have been at least 700,000. Had adequate

provision been furnished for controlling epidemics at their outset, it

is safe to say that a very considerable portion of these lives, and

also of these cases of illness, might have been saved. The pro-

vision of isolating hospitals constitutes one important measure for

controlling such epidemics, while prompt notiiication by the attend-

ing physicians, disinfection, vaccination and restriction of school

attendance from infected families also constitute a part of the same

general plan of action.

Hospitals for infectious diseases have reached their highest type

of development in England, but are not yet in very common use in

the continental countries of Europe. In commenting upon the his-

tory of this subject. Dr. Buchanan says, in his introduction to the

special report to the Local Government Board of England upon the

" Use and Influence of Hospitals for Infectious Diseases "
:
—

The original design of these hospitals in England was to promote the

recovery of the individual poor patient for whom other accommodation was

wanting; indeed, the name "house of recovery" was a frequent synonym

for infectious disease hospital at the period when such an institution was

first seen to be necessary. But it was inevitable tliat the advantages to be

obtained by the district possessing a hospital should soon force themselves

upon the attention of the observer, and from a very early period of their

history infectious disease hospitals have been advocated on the ground of

their protecting the household against the spread of infection.

The benefits of these hospitals were not, however, obtained without a

good deal of misfortune within the walls of the institutions themselves.

In the small-pox hospital, indeed, this was not apparent. Small-pox had

been regarded from the beginning as requiring a special building for itself.

It had a " specific" contagion, which could not be safely treated under the

same roof with the "general" contagion of fever. So, in tlie hospital

where no disease but small-pox was received, patients had no opportunity

of contracting other diseases. The nurses, in early times selected from

among tliose who had passed through an attack of small-[)0x, and in later

times, having their vaccination specially cared for, took nothing from their

patients; but in the "fever hospital" tlie case was dilTer(!nt. Doctors

and nurses caught fever, in some years more than in others, while convales-

cent patients had what appeared to be re[)etitions of fever attacks. So

serious indeed did these misadventures become that forty years ago it had

come to be spoken of as doubtful whether fever cases, if they were to be

treated in hospitals at all, liad not better be distributed through the wards

of general hospitals. The experiment was tried, but with far greater dis-

aster to the patients and attendants of the general hospital.
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In the foregoing quotation tlie special form of fever to which refer-

ence is made is undoubtedly typhus, and not typhoid or enteric fever.

AVith reference to the pro})riety of separating isolating hospitals

absolutely from all other establishments, Dr. Rowe says in his recent

paper upon this subject :
—

In large communities the only s^'stem that is beyond criticism is to make
for infectious diseases a separate establishment, independent and isolated.

... It is the duty of hospital workers and sanitarians not to cease

forcing upon public authorities the necessity of intelligent action, until

every municipality, through its public treasury, shall provide special hos-

pitals always available for infectious diseases. Is it not the wisest policy

to put such hospitals under the immediate control of the local board of

health ? They have so close a connection with other vital matters properly

belonging to health boards that it conduces to unity of action to have the

suppression of infection under one authorit}', a practice that obtains in

Great Britain.*

As early as 1866 an act of Parliament had given to local authori-

ties the power to erect and to maintain hospitals for isolation of

persons suflering with contagious diseases. This power was further

enlarged by the general Public Health Act of 1875. As a result of

this legislation it was found by returns made in 1879 that 296

authorities had availed themselves of this privilege in the erection

of buildings of one sort or another for this specific purpose. The
arrangements were in some cases rudimentary and insufficient, and

on the other hand some authorities had wisely and liberally used

their powers in providing efficient hospitals for the reception of

persons suffering with contagious fevers and from small-pox.

In a brief paper ui)on the same subject presented at the Inter-

national Congress of Hygiene at London in 1891, Dr. Thorne states

that this number had increased to 400, and that the general adoption

of the provisions of the Infectious Disease (Notification) Act of 1889

was likely to lead to a still further increase in the number of these

establishments.

In commenting upon the diseases calling for isolation. Dr. Thorne

says :
—

So far, there is no evidence that aggregation of the infectious sick suffer-

ing from any of these diseases, except small-pox, such as is likely to be

carried out by any ordinary sanitary authority, leads to infection of the

* Paper rend at Congress of Chnrltles, Correction and Philanthropy, at Chicago, June, 1893.
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surrounding community, provided that the hospital be properly constructed

and administered, and subject to a zone of some forty feet being provided

between all buildings intended to receive infected persons or things and the

boundary wall, or close fence around the site. Experience has shown that

it is otherwise with small-pox, and it yet remains to be ascertained what

are the circumstances under which cases of that disease can be aggregated

for the purposes of sanitary authorities without risk to the community.

Fortunately, owing to the protection afforded by vaccination, small-pox

does not, as is commonly supposed, stand foremost among the infectious

fevers calling for isolation in a hospital. As a rule, port sanitary authori-

ties alone make provision for cholera.

Extent of Provision.— Xo exact rule can be laid down as to the

requisite amount of provision for any given population. A general

estimate has been made in England of one bed to each 1,000 inhabi-

tants as sufficient for ordinary requirements. But the character of

the population must largely determine this question. Upon this

point Dr. Thorne says :
—

In a locality where the population is well-to-do, and most houses are of

a size and construction that offer reasonable facilities for the isolation of

single attacks of the current infectious fevers, tbe amount of hospital

accommodation needed for public health purposes will be less than in a

manufacturing district, where disease cannot be treated in the houses in

which it breaks out without very great if not certain risk of spread.

"With this point in view, it is quite plain that the amount of hos-

pital provision per 1,000 inhabitants in a residential community like

those of Brooklinc or Newton would necessarily be less than it would

be in manufacturing cities like Lowell, Lawrence, Fall River and

Worcester.

Character of Accommodation Required.— Dr. Thorne has so dis-

tinctly presented the essential conditions relative to the necessary

accommodations of an infectious disease hospital in his recent paper

at the International Congress of Hygiene, that I take the liberty to

quote them as applicable in most particulars to our own cities :
—

Premising tliat all the conditions that are deemed essential in the pro-

vision of a healthy dwelling-house are to be regarded as equally desirable

in the case of an infectious hospital, I would only here refer to such other

points as involve considerations peculiar to such hospitals.

(a) Ah regards site. — It is, as a rule, undesirable to select any site

wliioh is less than some two acres in extent ; and, even then, regard should
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be had to the need for extension of hospital buildings, whether for tem-

porary purposes or owing to increase of population. Where practicable,

only single-story hospital pavilions should be contemplated ; and having re-

gard to their distribution on the site, and to the outdoor exercise of con-

valescents, twenty patients to the acre will generally be found to be the

limit of aggregation of sick on area.

(6) As regards building.^.— The administrative building should be dis-

tinct from all others. Nurses, when off duty, will live and sleep in it

;

tradesmen will call there for orders and with supplies, and relatives will

there make inquiries as to the progress of the sick. This building should

always be so placed as to control all access from without to the ward

pavilions and other hospital buildings. The laundry, ambulance shed, dis-

infecting apparatus and mortuary should also be in one or more buildings

separate from the administrative building and the ward pavilions.

No sanitary district can be regarded as properly provided for unless it

has immediately available sufficient accommodation for the isolation of two

different infectious diseases in both sexes, and some means for the special

isolation of one or two patients needing separate accommodation, as, for

example, cases in which the nature of the disease is at first doubtful.

These requirements are usually met by the provision of two pairs of wards

or rooms having no aerial communication with each other, together with

one or two special isolation rooms. In sparsely populated districts these

requirements may be combined in one pavilion, the separate apartments of

which open separately upon verandahs. Such a building is commonly
styled an isolated pavilion.

Each ward pavilion should admit of cross ventilation by means of windows

in the two opposite side walls ; the closets and ward sinks, having them-

selves independent means of cross ventilation, should be entered from the

wards by means of a cross-ventilated lobby ; all angles, vertical and hori-

zontal, should be rounded, to prevent deposit of dust, etc., and a nurse's

duty room should be provided. Assuming that each ward will contain the

ordinary proportion of acute and convalescent patients, and that it is

adequately ventilated and warmed, a minimum of 2,000 cubic feet of air

per head is generally found to suffice in order to maintain reasonable

purity of air ; but much depends on the allotment of this amount of air to

the individual patient. No excess in the amount of total air provided —
as, for example, in the case of lofty wards— can compensate for crowding

patients on the lloor level ; and hence the beds should be so arranged as to

ensure for each patient a floor-space of some loG square feet. And since

it is in the neighborhood of the patient's mouth and nostrils that it is above

all important to maintain the purity of ward air, it is of all things neces-

sary to allot to each bed a separate amount of wall space, not less than

some twelve feet in length.

(c) As to allotment of bed-spa<e. — The best position for the beds is

that one bed should occupy each one wall-space between a pair of win-
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dows, the head of the bed to be at least one foot away from the wall, so as

to facilitate moremeut of air about the patient's head.

Medical advice is often sought as to the number of beds that should be

placed in any one ward of an infectious hospital. In suggesting an answer

to this question I cannot avoid the conclusion that the practice of treating

sick persons under circumstances which admit of the air by which they are

surrounded being charged more or less by the emanations of other sick per-

sons is wrong in principle, and that from this point of view any aggrega-

tion of the sick in wards is undesirable. But other considerations must,

in the case of a large proportion of the population, be regarded as out-

weighing this one ; and all that can be properly contended for is that the

limit of such aggregation shall be decided by considerations such as are

involved in securing freedom from any recognizable risk, together with

such efticiency in general administration and nursing as is consistent with

a reasonable regard for economy.

The several infectious fevers doubtless differ in regard to the amount of

nursing which the sick require ; but taking them as a group, and assuming

that the. ordinary proportion of acute and convalescing cases at varying

ages are brought together, it ma}' be held that any one nurse can rarely be

expected to take charge of more than twelve patients. The moment this

number is exceeded the nursing staff has to be doubled, and directly a

second nurse is required it would be better in the interests of the sick tliat

those whom she nurses should be in a separate ward. Holding this in

view, I believe it will generally be found desirable that infectious hospitals

should be built in pavilions so contrived that in each there shall be two

wards, one for males and the other for females, containing together not

more than twelve beds, the two six-bedded wards to be separated by

nurses' duty-room and an entrance lobby.

TJie diseases for lohich persons ma
ij
properly he treated in infec-

tious disease hospitals are mainly those which are specially conta-

gious in their nature, and are liable to spread from the sick to the

well in consequence of proximity to each other in the small and ill-

ventilated tenements of large cities. It frequently happens also that

travellers stopping at hotels or boarding-houses are attacked with

some infectious disease, and the business of the establishment is

seriously hindered and sometimes stopped altogcthei- for a time by

the presence even of a single case of such disease. 1 have had occa-

sion several times in the past ten years to investigate instances in

which these circumstances were prominent. Under ordinary rules

such cases cannot be admitted to the general hospital, but may very

properly be taken to an isolation ho8j)ital for treatment.
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The diseases which should be treated in infectious disease hospi-

tals are scarlet fever, diphtheria, small-pox, measles, typhus fever,

cholera, typhoid fever, and to these it would be proper to add in the

Southern States yellow fever, a disease from which the New Eng-

land States are generally exempt.

Practically, the first five diseases mentioned in the foregoing list

are those for which provision is usually made in isolation hospitals.

In referring to English practice upon this point Dr. Thorne says :
—

Next to s;nall-pox, scarlet fever is the disease for the isolation of which

most efforts have been made by sanitary authorities. The various forms

of continued fever, and notably cases of enteric fever, have also iu many
districts been somewhat extensively isolated. Diphtheria and erysipelas

have occasionally been dealt with in isolation hospitals, and at times efforts

have been made to stay the spread of measles iu the same way. There are,

however, conditions which render attempts to deal with measles by means

of isolation specially difficult. The stage at which the disease becomes

infectious often precedes that in which it is recognized ; the subjects of its

attack are as a rule of exceptionally tender years, and a large proportion

of cases never come under medical treatment at all. Notwithstanding its

fatality, therefore, it can hardly be expected that hospital provision by san-

itary authorities will be deemed as pressing in the case of measles as in

some other infectious diseases.

Scarlet fever is the disease for which isolation is most constantly and

most urgently needed. The mortality it occasions exceeds that of any

other communicable fever prevalent in this country. It is highl}^ infec-

tious, and there are no effectual means apart from isolation by which its

spread can be stayed. Small-pox, the one disease which, if vaccination

were properly carried out, should least call for hospital provision, may per-

haps be deemed to stand next in order as regards the measures for isolation.

In some towns typhus has prior claims to small-pox in this respect, and in

all districts some provision sliould be made for the other continued fevers.

The foregoing extract from Dr. Thome's report applies with equal

force to the case of our own cities and towns at the present time,

with this exception, that we should give much greater prominence

to diphtheria as a disease requiring hospital isolation. The very

slight importance apparentl}' attached to diphtheria in the English

report of 1880 is undoubtedly accounted for bv the fact that the

contagious character of the disease was not then so thoroughly estab-

lished as it is at the present time, a dozen years later. A peculiar

characteristic of diphtheria appears to be the permanence of its

infection, and the liability to retain its vitality in houses and apart-
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ments for a considerable period of time. Hence the propriety of

speedy removal of infected persons to a special hospital constructed

with reference to efficient methods of disinfection, which are ill-

adapted for use in old, crowded and ill-ventilated tenements, which,

with walls and floors and ceilings having many cracks, crevices and

crannies, give abundant opportunity to harbor the specific infectious

material of diphtheria.

While the mode of transmission of the infection of typhoid fever

diflers essentially from that of some of the other infectious diseases

already named, it is undoubtedly true that many cases occur by

means of personal infection from one person to another, and while

the alimentary tract is the part through which the specific poison is

received, and often by means of the public or private water supply,

the fact should not be overlooked that there may be other modes of

transmission than through the medium of the water supply. While

writing this paper I had occasion to investigate a local epidemic in

a small town, having circumstances which may briefly be stated as

follows : In January last, a man was attendant as a nurse and

watcher upon a typhoid fever patient living about two miles distant

from his own house. After the recovery of the patient he went

home and was taken ill with typhoid fever himself, and after him,

successively, three of his children, a grandchild, and finally his wife,

the disease having in his household a continuous history of six

months' duration. Careful examination was made of the surround-

ings of the house, the water supply, the disposal of refuse, etc., and

it did not appear that the local conditions were at fault, l)ut the

probability lay in the direction of personal infection from the first

case to the second, and so on through the family. Doubtless food

and possibly milk may have been a means of transmission of infec-

tion ; but if the first case could have been taken to a hospital and

isolated during his illness and convalescence, it is probable that all

the remaining members of the family would have escaped the

disease.

This is only a single example of multitudes of such cases, which

are constantly recurring and in which a system of well planned

isolating hospitals would necessarily diminish very greatly the num-

ber of cases of illness as well as the mortality. The practical

result of such a i)lan when properly administered, is to limit out-

breaks of infectious disease to the first cases and thus to prevent the

occurrence of epidemics.
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FurtJier jioints relative to construction. — Brick, stone or iron

are undoubtedly better than wood, and this statement applies more

decidedly to infectious disease hospitals than to those which are to

be used for general purposes. Especially is this true of the interior

finish of wards and other apartments used by the sick. It is advis-

able to finish the walls and ceilings with a hard or impermeable sur-

face, which has no cracks or inaccessible ledges which may retain

infection, and a floor of best asphalt or of some similar impermeable

material, although possessing slight disadvantages, is so much

superior to wood for the purpose of cleaning, as to be well worthy

of adoption for such uses in wards which are to be devoted to the

most infectious diseases.

In adapting dwelling houses in small districts to the uses of infec-

tious disease hospitals special care should be taken to select houses in

isolated positions. Such buildings should not be used for this pur-

pose in large cities.

Such hospitals should be erected in a careful and considerate

manner, with due regard to growth of population, and upon a well

defined })]an. Dr. Thome's inquiry showed that—

The suitability of the hospital buildings in various parts of the country

was to a very great extent dependent upon the circumstances under which

they were erected. If a hospital is hurriedly built under the iuflueuce of

panic, it is often not ready for occupation until the immediate cause of its

erection has passed by ; it provides accommodation of a \e\-y indifferent

sort; it fails, almost without exception, to meet the permanent require-

ments of the district even when in amount it turns out to be more than the

district needs ; and thus the object of the hospital as a part of the sanitarj'

defences of the district is often attained in a very imperfect manner and at

a needlessly large cost.

Possibility of spreading infection.— It has sometimes been urged

that such hospitals might become centres of infection from which

diseases would spread to the neighboring districts. Careful investi-

gation upon tills point, however, among the numerous hospitals of

this sort in Great Britain showed that no danger need be feared

from this source except in the case of .small-jiox. A thorough inves-

tigation made by Dr. Power, in 1882, and reported to the Local

Government Board, showed that in the neighborhood of the Fulham
small-pox hospital in London, small-pox had increased almost in a

direct ratio to the nearness of the pojnilation to the hospital. This
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increase wtis also independent of lines of human intercourse. In

point of time there was also a very marked relation between the

varying use of the hospital and die manifestations of excessive small-

pox in the neighborhood.

Hence much greater care is necessary in selecting an isolated site

in the case of hospitals intended for the reception of small-pox

patients than is necessary in the case of those which are to be used

for other infectious diseases.

The following condensed table and general conclusions are taken

from Dr. Power's report :
—

AdmisHons of Acute Small-pox to Fulham Hospilal, and Incidence of Small-pox

upon Houses in Several Divisions of the S^jecial Area during Five Epidemic
Periods.
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This relation has not shown itself while the use of the hospital has been

for convalescents only.

5. The appearance of excessive small-pox in houses around the hospital

has never been delayed until the hospital has become full, or nearly full.

It has been always most remarkable at the time when admissions to the

hospital were beginning to increase rapidly.

In the succeeding months of active operations, though the use of the

hospital may have gone on increasing, the excess of small-pox upon the

neighborhood has habitually become less marked.

6. On comparison of different epidemics an almost constant ratio is

observed between the amount of the hospital operations and the degree of

excess of small-pox in the neighborhood.

7. The machinery of the hospital administration, with inclusion of

defects in that machinery, does not account for the peculiarity of small-

pox incidence within the three parishes of Chelsea, Fulham and Kensing-

ton since the establishment of the hospital.

8. There must have been some condition or conditions operating to

produce the observed distribution of small-pox around the hospital that

have pertained to the hospital as such, and that have been in excess of the

condition of small-pox extension as usually recognized.

9. During the present epidemic period, and most probably during for-

mer similar periods, there has arisen in the atmospheric circumstances of

the time, peculiar facility for the dissemination in an undamaged state of

any matter that may have been given off from the hospital.

Disinfecting Apparatus. — An isoliiting hospital c:in hardl}' be said

to be complete in all its appliances without a well-equipped disinfect-

ing apparatus. This may be -used, not only for the purpose of disin-

fecting the infected material which must necessaril}' be found in every

such hospital, but will also prove a powerful ally to the local board

of health for the disinfection of the infected articles which are to be

found wherever scarlet fever, diphtheria, typhoid fever and other in-

fectious diseases exist. Such articles include clothing, bed linen,

mattresses, and all the textile fabrics which are capable of disinfection

and are too valuable to be destroyed. Such disinfecting stations exist

in Berlin and in Paris as separate establishments, and are conducted

in tlie most thorough manner, and in accordance with the most ap-

proved methods. There is no reason, however, why they may not

be employed as adjuncts to isolating hospitals, where such hospitals

exist. The Board of Health of Boston has during the past year

established such a station at its new infectious hospital at Swett

Street.
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Efficient forms of disinfecting apparatus are also made for use in

a portable shape, and are now made, both in this country' and in

Europe, at considerably less cost than the stationary establishments.

Let us for a moment consider a practical illustration of such a

system as I have outlined : A father, mother and four small chil-

dren, the latter aged two, four, six and nine years, occup}' a tene-

ment of two rooms, including a kitchen and sleeping room, each

about twelve feet square and seven and a half or eight feet high.

The kitchen is the cooking and living room of the family, and both

are heated by the kitchen stove. The sleeping room is occupied at

night by the whole family, and after allowing for the space taken by

the furniture there are in this room about 175 cubic feet of air space

only to each person, which is doubled by the open door into the

kitchen. The sleeping room has but one window, which, in winter,

is kept constantly closed, and there is no special means for ventila-

tion. I am not here describing an unusual case, but, on the con-

trary, one which is of very common occurrence in any one of our

large manufacturing cities.

One of these little children is taken ill with diphtheria in its

severest form. There is no provision in the city for such cases, and

the mother gives the child the best care which she can afford under

the circumstances. The neis-hbors are afraid to take the other chil-

dren to their homes. The next child is too young to attend school,

and the law excludes the older children from school during the

prevalence of illness in the family, thus making their exposure to

infection more certain. After days of weary watching another child

falls ill, and then perhaps the mother herself, worn with care and

solicitude for her little ones, becomes a victim to the disease.

Meanwhile the youngest has died, and is laid out for l)urial in a

corner of the kitchen, the living room of the family.

Dr. Russell, the health officer of Glasgow, in commenting upon

such cases, which, in a crowded city like Glasgow, were once of

very frequent occurrence, says, when contrasting the condition of

the rich and of the poor :
—

Last of all, when yon die, you still have one room to yourself, where in

decency you may be washed and dressed and laid out for burial. If that

one room were yoia- house, what a glia.stly intrusion you would be. The
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bed on which you lie is wanted for the accommodation of the living. The
table at which your children ought to sit must bear your coflin, and they

fnust keep your unwelcome company. Day and night you lie there until

with ditliculty those who carry you out thread their tortuous way along the

dark lobby and down the narrow stair through a crowd of women and chil-

dren. You are driven along the busy and unsympathetic streets, lumber-

ing beneath the vehicle which conveys your scant}' company to the distant

and cheerless cemetery, where the acrid and deadly air of the city in which

you lived will still blow over you and prevent even a blade of grass from

growing over your grave.

Dr. Russell has here graphically described a death among the

abodes of the poor, but when the death is from infectious disease,

the conditions are still worse, since the added danger of infection to

the remaining members of the family only doubles the distress of the

housebold. Now for such conditions as I have described the infec-

tious disease hospital provides a most excellent remedy, and while

it may not prevent the occurrence of the first case in the family, it

does provide for the taking of the infected person to a suitable place

where he will not only receive far better care himself, but will not

transmit the infection to his brothers, his sisters or to an}- other

person.

In the hospital, too, in place of overcrowded and ill-ventilated

bed chambers, there are large and well-ventilated wards ; in place of

foul air and darkness, there is fresh air and sunlight; in place of

scanty food and food that is ill adapted to the wants of the sick there

is food selected especially for the case in hand, and more than all

this, there is good nursing and the best of care, and when the

patient has recovered he is returned to his family, no longer a

source of danger and of infection.

Of the few establishments of this character now in use in this

State, one is at the State Primary School at Monson, whore it was

built about t(Mi years ago for the purpose of receiving any cases of

infectious disease which might arise in the school. It has proved

exceedingi}- useful for the })urpose of isolating such cases of scarlet

fever, diphtheria and measles as have occurred in the school, and

has undoubtedly prevented the outbreak and continuance of severe

epidemics of these diseases, which are very lial)le to occur among
children of such ages as are usually received at this school. When
no means are iirovided for isolating sick children such epidemics

often make sad havoc amonjr them.
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This hospital contains four wards capable of accommodating about
twenty to thirty patients. It is entirely separated from the other

buildings.

Still more recently an isolating hospital, very well planned and

conveniently arranged, has been built at Cambridge, under the

supervision of the trustees of the Canilnidge Hospital.
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A general plan of the main floor of this building is shown upon

page 70(3. The arrangement of wards in this building is so phinned

as to admit of the treatment of two diseases, and also of the two

sexes in each case, without any possible communication between the

two halves of the hospital. Fourteen beds can conveniently be

accommodated in the building. There are also two rooms for

nurses in a second story not shown in the plan, separate from

each other, each room being reached by a separate stairway.

In describin*; the conditions essential to a well-contrived isolatins:

hospital for a large cit}', Dr. Rowe makes the following valuable

suggestions, some of which could hardly be carried out to the

letter, except in large and wealthy communities :
—

The wards should be of moderate size, not to exceed thirty beds. The

number of buildings for each disease should be snOlcient to allow one

building to, so to speak, " lie fallow " for renovation and disinfection.

This reserve is a large factor in reducing the mortality in an infectious dis-

ease hospital. This generous installation of site, buildings and appoint-

ments is not always practicable, either from the topography of a city, an

available site or the financial condition of a municipality. Such estab-

lishments, however, do exist. The Belvidere Hospital for Infectious

Diseases in Glasgow, Scotland, is a most notable example. It covers

thirty-one acres of land, and has thirty-five buildings with accommodations

for infection usually prevalent in a large city. No better argument for

isolation hospitals can be adduced than a rehearsal of the experience of the

health authorities of Glasgow, in changing the most unhealthy city of

Great Britain, with the largest mortality rate, into a clean, healthful city,

with a low death-rate.

Acting in conformity with the principles which Dr. Rowe has laid

down in the paper from which I have here quoted, the trustees of the

Boston City Hospital have now made provision for this purpose upon

a lot of land near the cit\' hospital in Boston. The group of seven

buildings comprising this hospital, now nearly completed, consists

of two two-story ward pavilions, connected by covered corridors

with an administration building. The other buildings are a con-

venient lodge-house, a nurses' home, and a boiler-house, laundry,

mortuary, etc. The cut on page 708 shows the first floor of one of

the two ward-pavilions now approaching completion. As at present

arranged, the wards are designed for 13(i patients.

The wards at the City Hospital, now occupied for the reception of

patients ill with diphtheria and scarlet-fever, were intended for only

forty-two patients, but the urgent demands made upon the hospital
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for receiving tliis class of cases has required them to be occupied by

sixty patients much of the time.

"These difficulties," say the trustees in their report of the year

1892, " will soon be remedied by the completion of the Chester Park

Hospital. For the purpose of carrying out this work $271,000 were

placed at the disposal of the trustees for the construction of new build-

ings, $24,000 were set apart for the construction of a new aml)ulance

stable, and contracts were made for the buildings, to cost $203,000."

In referring to this department of the work of the city hospital

for the year 1892, Dr. Rowe says :
—

The contagious service has been extremely active, a larger number of

patients having been admitted than during any previous year. The total

number of patients admitted with scarlet fever, diphtheria and other com-

plications was 788. . . .

The diphtheria ward has seldom been crowded, although during several

months it has been full. The character of the cases was severe, the

marked characteristic being that a very large number were brought to the

hospital in the last extremity. It follows that the mortality has been large.

The scarlet fever ward has not only been full at all times, but during the

winter months it has been crowded beyond a limit that was judicious. The

hospital attempted to provide for all cases of scarlet fever that applied for

relief. . . . Some applicants have been rejected because the wards were

crowded to an extent detrimental to those under treatment. . . . When
the new hospital for contagious diseases is completed it is expected its

cai>acity will meet not only the present demands but also provide for any

epidemics such as have hitherto existed in Boston, and also keep pace with

the growth of the population.

The increasing favor with which hospital treatment for infectious

diseases is regarded by the public is shown by the fact that in Lon-

don the numbers admitted to the hospitals of the Metropolitan

Asylum's Board increased from 2,197 in 1886 to 8,334 in 1890.

One-third of all the infectious cases legally admissable were treated

in those hospitals in 1890. In Brighton, England, in 1891, 70 per

cent, of scarlet fever cases were so isolated.

"The whole drift of hospital provision is toward the prevention

of epidemics by the isolation of first cases of infectious disease, the

improvement of the treatment of the cases admitted upon that ob-

tained at home being but [lart of the main object, but tending

materially to diminish the mortality."

A very good illustration of a small and well-designed isolation

hospital for a residential town of 20,000 inhabitants, or for u manu-
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factunng town of a smaller population, may be found in the hospital

at Ealing, England, which is represented in the accompanying illus-

trations. The grounds cover about two acres in a convenient loca-

tion upon the outskirts of the village. The plan includes a hospital

for about twelve or sixteen beds, with wards for two diseases, and

opportunity to separate the sexes.

An administration house, porters' lodge, laundry, mortuary, ambu-

lance shed and disinfecting apparatus are also provided. The
grounds are surrounded by a brick wall about six feet in height.

Space is also shown where tents may be erected upon a concrete

floor in case of an unusual epidemic. The same space may also be

used for future hospital extensions.

The cost of this establishment was about $30,000, including cost

of land.

In the construction of buildino;s of this character the same general

rules should be adopted as are applicable to hospitals in general.

The trustees or committees appointed to take charge of construction

should make themselves acquainted with everything requisite to

secure the best buildings for hospital purposes which modern science

and trained experience can produce. In illustration of the neglect

of this precautionary measure Mr. H. C. Burdett, author of " Hos-

pitals and Asylums of the World," cites the following instance :
—

This very autumn we bad to inspect a new hospital, costing many thou-

sands of pounds, where the committee and medical staff had taken infinite

pains to secure a type of buiklings which should be so good as to make
their institution an example for others to follow. We found, however,

that the buildings actuall}- erected were a failure, and, what is more, a

failure of the worst kind ; that is to say, the faults were such as to astonish

any one who had taken the trouble to make himself practically acquainted

with modern progress in hospital construction. These faults were not due

to the character of the site, or to any special circumstance, but arose en-

tirely from ignorance, and what we venture to think is worse than ignorance,

namely, an attempt on the part of tlie architect to adopt what he believed,

no doubt, to be modern improvements without making himself acquainted

with the purposes those improvements were intended to effect.

One of the first hospitals of this class Avas the London Fever Hos-

pital, established about 1802, at Gray's Inn Koad, and then known
as a " house of recovery," where patients convalescing from infec-

tious diseases could be taken while their homes were being cleansed

or disinfected. It was afterward removed to better quarters, where
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it served the purpose of isolating the infected sick, and thus protect-

ing the healthy part of the population. (See plan of present London

Fever Hospital, page 713.) The rows of dwellings upon each side

of this hospital show its close relation to the neighboring population.

Since the scope of this paper will not admit of the details of hos-

pital construction the reader may be referred with advantage to the

excellent work of Mr. H. C. Burdett recently published, entitled

*' Hospitals and Asylums of the World."

In the fourth volume of this work are given brief descriptions of

the following hospitals devoted to the care of persons suflering with

infectious diseases :
—

*Loudon Fever Hospital. Small-pox Hospital, Highgate (Lon.).

Hospitals of the Metropolitan Asyluni's Board.

^Eastern (Homerton).

South Western (Stockwell).

Northera (Winchmore Hill).

Northwestern (Hampstead).

•South Eastern (New Cross).

Western (Fulham).

North Eastern (Tottenham).

Hospital Ships (Long Reach).

*Ambulance Stations.

Provincial Infectious Hospitals.

Belviilere Hospital (Glasgow).

Bradford Fever Hospital.

Bolton Borough Hospital.

City Hospital for Infectious Diseases

(Newcastle-upon-Tyne).

Delancey Hospital (Cheltenham).

Gateshead Hospital.

Heathcote Hospital (Leamington).

Hull Corporation Sanatorium.

Infectious Hospital for the Joint

Counties (Carmarthen).

Isolation Hospital (Huddersfield).

Isolation Hospital (Oldham).

Isolation Hospital (Hornsey).

Kendray Fever Hospital (Barnsley).

Ladywell Sanatorium (Salford).

Leeds House of Recovery.

Monsall Hospital at Manchester.

Continental Infectious Hospitals.

*Blegdams Hospital (Copenhagen).

*Ullevold's Hospital, Christiania Communal Epidemic Hospital (Sweden).

Oresunds Hospital.

School Hanatoi'ia.

Rugby School Sanatorium.

King Edward VI.'s School, New Sanatorium (Slierborne, Dorset).

BlundeU's School, New Sanatorium (Tiverton, Devon).

Nethertield Institution for Infectious

Diseases (Liverpool).

*Nevv City Hospital (South), Grafton

Street (Liverpool).

Nottingham Borough Epidemic Hos-

pital.

Port Sanitary Authority's Hospital

(London).

*River Tyne Port Sanitary Authority's

Hospital.

Sanitary Hospital at Bournemouth.

Shellield Borough Hospital for Infec-

tious Diseases.

Sittingbonrne & Milton Joint Infec-

tious Hospital.

Temporary Small-pox Hospital (Liv-

erpool) .
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Probationary Wards.

In all infectious disease hospitals of considerable size it is desirable

to establish probationary wards for the observation of doubtful cases.

It is often very difficult to make a correct diagnosis at the outset of

a case of infectious disease. Meanwhile great danger is incurred by

the family or the household with whom the patient may be residing.

It therefore is a matter of considerable importance to provide a

place where the patient may be kept under such surveillance as will

avoid danger to others, if the case proves to be infectious, and at

the same time may avoid the infection of the patient if it so happens

that his illness proves to be either non-infectious or a less danger-

ous disease.

School Sanatoria, or Isolating Wards.

A useful application of the system of infectious disease hospitals

is found in its adaptation to the uses of large institutions of learn-

ing, or establishments of any sort in which young people are congre-

gated, either for educational or for other purposes, away from their

homes.

It is by no means a matter .of uncommon occurrence for an out-

break of infectious diseases to take place among the inmates of

institutions of this character. Such outbreaks invariably disturb

the harmony of the college, school or other institution, and seriously

interfere with the regular exercises. Many instances of such out-

breaks are not only on record, but in some cases it has happened

that the whole school or college population has been broken up and

sent to their homes.

The existence of a single building, in which the first cases of in-

fectious disease could be isolated and cared for until convalescence

ensued, would in many instances have obviated much of this trouble.

Every large educational establishment should possess an isolating

ward or hospital, which could in emergencies be used for this pur-

pose.

While the infectious diseases of childhood are not so fatal nor so

frequent among persons of school or college ages, their occurrence is

yet sufficiently common among this class to rc(juiro extreme care for

their [)revention, as the following figures will show.

The deaths from certain infectious diseases among persons be-

tween the ages of nrtoi'ii and thirty years in Massachusetts, during
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the period of twenty-eight years ending with 1890, were as fol-

lows :
—

From measles, 276
" scarlet fever, 763
" diphtheria, 1,430

" suiall-pox, . 1,171

To the foregoing figures should be added the deaths from typhoid

fever, a disease which finds its victims in the period fifteen to thirty

years in the greatest numbers. The deaths from this disease at those

ages for the same period in Massachusetts were 11,9'J3.

Phthisis claims a much larger harvest from this age period than

either of the foregoing diseases, the number of deaths being 57,197

for the same time and ages. In the case of phthisis, however, while

its infectious character must be recognized, the peculiar nature of the

disease unfits its victims for the continuance of prolonged study, and

all such persons should be advised to discontinue their connection as

soon as the nature of the disease is recognized.

Dr. Sykes concisely explains the differences between residential

and non-residential schools with reference to the subject of isolation

as follows :
—

There is a strong contrast in the manner in which personal infection is

spread in non-residential and residential schools. In non-residential

schools children from various households meet at a centre, become in-

fected, and returning, distribute the infection broadcast, closure being

resorted to for the purpose of checking its spread. In residential schools,

on the other hand, the infection is more or less confined to the limits of the

school, and is only distributed beyond upon the disbandment of the pupils.

Hence, it is interesting to note that opposite results may follow the similar

process of closing a school, in the two cases, unless extreme precautions

are taken.

Residential schools, like other residential institutions, protect themselves

from admitting infected scholars from without by recpiiring certificates of

freedom from infection, or from contact with infection, upon admission;

and, when invaded, from the spread of infection within, by isolation in

proper quarters. Non-residential schools, where the attendance is daily,

do not admit of the api)lication of measures of protection in this form, and

are dependent upon school-teachers immediately excluding from attendance

children suffering from infectious disease, or being members of an infected

famil}' or household. This exclusion can only be enforced by the teacher

or manager being informed by the parents or by the sanitary authority of
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the cases of infectious disease occurring amongst tlie scholars. Compul-
sory notification is therefore a valuable protection to schools. If exclusion

fails, and infection reaches a school, not directly but indirectly, by the

commingling of infected with healthy children beyond the precincts of the

school, it points to the absence of proper seclusion of the infected children

at home or in hospital, and it is only when seclusion, as well as exclusion,

fail to prevent an epidemic in a school that dissolution or closure of the

school is justifiable. Defects of internal condition, structure or site liable

to lead to such a result are naturally also included in such justification.

The memorandum* issued in December, 1890, by the chief medi-

cal officer of the Local Government Board explains in a very full

and lucid manner the measures necessary to be taken in this direc-

tion for the protection of '
' public elementary schools " by sanitary

authorities.

SUMMAEY.

The advantages of the separate hospital for infectious diseases

may be summed up briefly, as follows :
—

1. They allow the complete isolation of the sick in cases where

the sick cannot be effectively separated at their homes.

2. The work of the wage-earner, the ordinary duties of the

household and the school attendance of childroi can go on as usual

without interruption.

3. Infection is 'thus kept by itself in a place where it can be

intelligently treated and destroyed. Otherwise, in tenement-houses

and crowded dwellinsjs, and amono- those who are ignorant of its

nature and its proper management and control, it may spread and

cause infinite harm.

4. Cities requiring such hospitals should not wait for the hurried

impetus derived from panic, but should construct carefully and

thoroughly, and with due regard to their own special needs. Such

hospitals, like fire departments, when completed should I)e always

ready for immediate use. They should be accessible and under

wise and intelligent management.

• Quoted In full In twenty-third annual report of State Board of Health, 1891, pnge xvi.
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APPENDIX.
Practice of Different Countries.

In the following pages are grouped some of the essential data

relative to the progress of different countries in this particular direc-

tion for preventing the spread of infectious diseases.

For a portion of this information the writer is indebted to Dr. Palm-

berg's recent work entitled "Public Health in its Applications in

Different European Countries."

England.

Memoranda of the Local Government Board of England.

Regulations as to Hospitals {Memorandum on IIosj)ital Accommodation)

.

— Means for separating the sick from the healthy should always be pro-

vided. When two contagious diseases break out at the same time, they

should each be separately isolated.

Id towns, and for several villages of smaller size, there should be pro-

vided at least two special wards with four beds in each, in order that the

sick may be isolated from the commencement. Such a very small infirmary

would be very valuable for arresting the progress of an epidemic.

Fig. 1 represents a very simple type of hospital, having one ward for

each sex, with the necessary annexa. This plan accompanies the memo-
randum of the Local Government Board.

Fig. 2 represents two sections of the same building, the one to the left

having simple walls and serving for summer rooms ; tlie one to the right

having double walls is a permanent structure. At the base of the external

walls are openings for the admission of fresh air, seen on the front of the

elevation (Fig. 1). In the roof are other openings for the escape of foul

air, but chimneys or special tubes are the best for this purpose.

In rural districts without a hospital, a trustworthy married couple with-

out children may be charged with the isolation and care of cases of infec-

tious disease. In the event of a more serious epidemic, several lodgings

may be hired for the sick, or they may be isolated in temporarily erected

tents or barracks.

Fever liospitals in urban districts ought to have one bed for ever}' 1,000

inhabitants. In manufacturing towns with a very dense population, this

proportion ought to be even greater ; while in wealthy and less dense towns,

with houses of a good class, one bed for every 2,000 inhabitants may sullice.

Permanent fever hospitals are built on the system of separate pavilions.

There must be at least four wards for patients, as well as a pavilion for

administration.
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Sick wards can be arranged in pavilions connected in pairs, as sliown ia

Fig. 3, which is talien from the memorandum of the Local Government

iim
n^. I.-Pl/MSJ /\f\lD ElE\//\T10[M of \ 5(V1ALL IHOSPITAL.-

a a a a A^ D D D D

DP Ub\ PI DP D

,

A. Sme^ll sep^^Pdkte apAPtment. B. Pc\s6a*ge connecting Mie

two Wcvpds. C. Sbox/e. D. Stope-poom. E-BAtb-poom. FWktei*-
dosets. G. L^^Valtopies. H. GoVeped w&vy. J. Goavl-hoiise. K. Kitchen.

L. SpAce Fop Additions.! buildings if pequiped.

Fig. 2— VERriCAL 5ECriO|MS T"(HR0UGf1 5AM E [HosFn7\L.

Board. The dotted lines in this figure show how, as the population in-

creases, the permanent hospital can be enlarged.
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The minimum distance between the pavilions should be thirty feet.

Fig. 4 shows another arrangement of sick wards which is preferable

when sufficient grouud is available.

"1 f

M-. m
3

CX3

Rg 3- PEai^ANENf [Hospl-Tal jfi F/v/iLlOfas.,

The sick wards may also be placed on different stories of the same

pavilion.

Two of them, one for each sex, are reserved for persons suffering'^from

the same infectious disease.

All the wards should be kept separate, and independently warmed and

ventilated. To facilitate the work of the staff a corridor connects all the

lif^lLyr!

Fig. 4.-Ar'0'T?E:R ARfVMviCEt^FNr or PermaNCNT" [Ho5Pit-/\ls in Pavilions.
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A,nd moptu^py- E.Gopridop. D Wknds for patients vVith ten beds

in eaych, l<kVAtor>y &nd b*tt>poom (a,t) next tl^e corr'idop; closets *nd sinks

(c.rf) At other- cnd,6cpM»d^ted from v/^pd by ^ cr>oss-V'cntil.^l;ed

corapid Oi».
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pavilions. The latter should be so placed that the air can circulate freely

between them. The space between the pavilions should be at least one and

a half times as great as the height of each pavilion ; and if a pavilion is

intended for sraall-pox, the distance should be still greater. It is prefer-

able to place small-pox in an entirely separate building as remote as possi-

ble from all other buildings.

In wards for infectious diseases there should be openings for admission

of jfresh air between each bed, a little above the floor, so that pure air

bathes the patient's bed. They should be furnished with a grooved fasten-

ing, so that the admission of air can be graduated. The openings for

extraction of foul air should be near the ceiling, and as remote as possible

from those admitting fresh air. They should, unless entering into the

chimney-breast, be carried vertically to the roof and be provided with an

aspirating cowl.

]\[emorandam of Ambulances.

For the conveyance of patients who are sick with infectious disease, spe-

cial carriages or ambulances are necessary. The following points have to

be attended to in the provision and use of such carriages :
—

1. If the ambulance be intended only for journeys of not more than a

mile, it may be made so as to be carried between two people, or it may be

on wheels and to be drawn by hand. If the distance be above a mile, the

ambulance should be drawn by a horse. Every ambulance on wheels should

have easy carriage springs.

2. In the construction of an ambulance, special regard should be had

to the fact tliat after eacli use, it has to be cleaused and disinfected. The

entire interior, and the bed-frame and bed, should be of materials that can

be washed.

3. The ambulance should be such that the patient can lie at full

length in it ; and the bed-frame and bed should be movable, so that

the patient can be arranged upon the bed before being taken out of his

house.

4. With an ambulance there should always be a person specially in

charge of the patient ; and a liorse amlnilance sliould have a seat for such

person inside the carriage.

5. After every use of an ambulance for infectious disease, it should be

cleansed and disinfected to the satisfaction of a medical odicer.

6. IJoth in very populous districts, and in districts which are of very

wide area, it may often happen that more than one ambulance will be

wanted at one time ; and in any district, if more than one infectious

disease is prevailing, there will be an evident sanitary advantage in having

more than one ambulance for use.
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Rules for Hospitals for Infectious Diseases.

1. The medical officer is the responsible superintendent of the estab-

lishment. It is his duty to visit the hospital even at times when there are

no patients, to ensure that the matron and nurse are at their post, and that

everything is ready for the reception of patients.

2. The matron and head nurse ought to maintain the greatest cleanli-

ness and to see that the beds are well aired, conveniently arranged, and
always ready to receive patients. They ought also to keep the inventory

of everything belonging to the hospital. They are forbidden to absent

themselves together without express authority. They must carry out the

orders of the doctor and be responsible for the conduct of the staff and the

nurses.

3. The matron (or steward, if there is one, as in large hospitals) must

be prepared monthly to pi-esent the books of accounts to the sanitary

authority.

Instructions for Nurses, Patients and Visitors.

1. Every applicant for admission to a hospital should have a medical

certificate of the disease from which he is suffering.

2. A patient can be attended by a doctor of his own choice other than

the medical oflicer of the hospital at his own cost.

3. No person is admitted to the hospital without the permission of the

medical officer.

4. No patient is permitted to leave the hospital until discharged by the

medical officer.

5. The patient's clothes must be disinfected before being given up to

him at his discharge.

6. Officers and servants of the hospital are not allowed to leave the

hospital without authority of tlie medical officer ; and they must first

change their clothes.

The following table contains some of the most essential data relative to

several of tlie hospitals embraced in Dr. Thome's report. Values are

expressed approximately, in United States equivalents, instead of English

money.



722 STATE BOARD OF HEALTH. [Pub. Doc.



No. 34.] ISOLATION HOSPITALS. 723

Glasgoav.

The following description is quoted from the official report of the trustees

of the Glasgow Fever Hospital :
—

"The grounds possess great natural beauty, rising gently as you

approach the Clyde, where they are broken by three small glens, once the

beds and sloping banks of three streams. The whole estate is well wooded,

especially along the avenue and western boundary, where the rooks have

recently established themselves in the tops of the old beeches. The con-

valescents are allowed to wander at will over the many beautiful walks, and

in the summer it is one of the most pleasant sights to see the children roll-

ing about on the grassy slopes of the glens, and the seats, placed here and

there, occupied by groups of people who for the first time in the lives of

many are tasting of the sweets of Nature. At the rear of the fever hospi-

tal several acres are laid out as a flower garden, with a greenhouse, from

which the wards are supplied with potted plants. Flower plots are dis-

tributed here and there between the pavilions and in other open spaces.

At a distance of some four miles southward, the wooded heights of the

Cathkin Hills close in the horizon,"

"The whole buildings, except that occupied by the medical and nursing

staff and matron, are built of brick. The wards are distributed in pairs,

in thirteen totally isolated pavilions, all running north and south. They
are sixty feet apart laterally, and are placed in rows of two, three, four and

five, in succession from the bank overlooking the Clyde towards London

Road. They have thus, to one standing in their midst, the appearance of

a large, uniformly laid-out village. Each pavilion is only one story in

height, with a well-ventilated basement beneath, so that the level of the

ward is reached by a flight of steps. Tlie two rows of four pavilions are

separated by a range of buildings running east and west, the centre of

which contains the kitchen, one story in height, and, like the pavilions,

open to the roof. At either end there is another stor}', the eastern accom-

modating various stores and the dispensary ; the western, the under ser-

vants' rooms. At London Road there is a main lodge controlling to the

west the entrance to the sraall-pox hospital, and to the east, the approach

to the fever hospital. At the south end of this approach is the fever lodge

and enquiry rooms for patients' friends, with the Dorcas Society's stores in

an attic story, and running north along the avenue, the morgue, with room
for funeral parties, with entrance from the road so that hearses, etc., do
not come within the hospital enclosure. Just inside this gate is the washing-

house and laundry, with the suite of steam boilers to the south, a cremator

for soiled beds, and the central coal depot. The boilers are three in num-
ber, double-flued, and in size seven feet six inclies by twenty-six feet four

inches. Further south are a smithy, carpenters' shop and fire-engine

station. Southwestward, some forty yards, are the stables, ambulance
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shed, etc. Still ^-estward is a large three-stovy stone block, erected on the

site of the old mansion house, containing eighty-four single bed-rooms for

nurses, with recreation rooms on each flat. These occupy the lateral wings,

while the centre is reserved for the matron and medical staff. In front of

this building there is a spacious lawn, with tennis court, bounded south-

wards towards the Cl3'de by a sloping bank planted with ti'ees."

" There are three hundred beds on the scale of 2,000 cubic feet for adults
;

but as a large proportion of the patients are children, for whom 1,200 feet

is sufficient, a much larger number of patients can be accommodated. The
dimensions of every pavilion and ward are exactly the same ; but as they

M'ere erected at different times, sundry liltle but important differences

exist. The two southern pavilions were built last, and the description of

one will suffice. It has a basement eight feet from ground to floor level.

The outside length, from end to end, is one hundred and sixty-eight feet;

the outside breadth, twenty-six feet ; the height, from ground level to ridge

of roof, thirty-two feet. There are two wards, each divided into a conva-

lescent and acute ward. A flight of steps on both sides gives access to a

vestibule, from which, on one hand, are the entrances to these subdivisions,

while, on the opposite side, is the pantry, opening directly off the passage,

and a lobby, to the left of which are the bath-room and water-closet, and

to the right a steep-room for soiled linen, these last being farthest from the

wards. All these appurtenances are therefore completely isolated in a pro-

jecting annex. The entrance and annex of each ward are on opposite sides

of the pavilion. On the side opposite to tlie entrance of the acute ward is

a nurse's duty room, where there is a 'poison press' and a napery press,

with chairs and a table. The front projects into the ward with sloping

roof and glass sides, giving a full view of the ward. The internal dimen-

sions are as follows : acute ward, length, 56 feet 3 inches ; convalescent

ward, length, 24 feet. In both the breadth is 22 feet ; the height to the

wall head, 14 feet G inches ; to the roof tree, 23 feet 9 inches. The floor-

age of the acute ward is 1 ,237 square feet ; of the convalescent, 528 square

feet. The total cubic contents of the acute ward are 23,500 cubic feet ; of

the convalescent ward, 10,000. The number of adult beds is eleven for

the acute and four for the convalescent ward ; but in the case of children

twenty cribs are allowed."

" All the flooring of the wards is of Dantzic oak, waxed. The vestibule

and annex are laid with tiles. The walls are coated with Keene's cement.

Some wards are oil-painted and varnished, but the more recent are treated

with light blue or green distemper, which can frequently be renewed. All

the woodwork is varnished. Care is taken to avoid flat surfaces giving

lodgment for dust. The principal rafters are, therefore, of light T iron,

and the tiles of thin rod iron."

" The heating is by hot water circulating in pipes which are led round the

walls above the floor. Tliis is derived from two hot-water tanks heated
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by steam, and placed beneath the entrance hall of each ward, to which

access is obtained from the outside by a stair leading to the basement.

There are also open fires at either end of each ward. Pavilions with

numerous windows and open to the roof are very difficult to warm suffi-

ciently during winter. P^xperience at Parliamentary Road soon showed

that it would be necessary to check radiation by the large glass area, and

accordingly the device of double glazing each pane with an interval of

three-quarters of an inch of air space was adopted. The wards at Belvi-

dere are kept at 5.5° to 60° in the coldest weather. There are heating coils

in the vestibule and bathroom."

" Fresh air is admitted by direct openings beneath the windows, which are

numerous, so that it passes over the heating pipes. These openings are

controlled by an arrangement which admits of gradation, and cannot be

interfered with except by the nurse. There are skylights on opposite sides

of the slope of the roof, Boyle's ventilators fixed on the ridge, and venti-

lating shafts alongside the chimneys, with openings controlled by movable

louvres and the apex of the roof."

" The principles kept in view in furnishing are simplicity, smooth surfaces

and facility of removing and cleaning. The bedsteads are wrought iron,

the tables and chairs hardwood, varnished. In the children's wards, iron

cribs are provided, and pigmy forms and tables suited to their size. All

cupboards, presses, etc., are movable on iron rollers, like American trunks.

The mattresses are stuffed with straw, the pillows with chaff. They are

renewed for every new patient and whenever soiled. Wood wool was

recently tried as a substitute for straw, but was found speedily to break

down, and, on account of the consequent expense and larger quantity and

more frequent renewal, was not adopted."

" The nurses are graded in three classes— probationers, nurses and head

nurses. After a year's probation, during which she attends lectures on

fever nursing given by the assistant physicians, the probationer is sub-

mitted to a written and viva voce examination. If she passes satisfactorily,

she gets a ' Certificate of Proficiency in Fever Nursing,' first, second or

third class, signed by the physician superintendent, and becomes a nurse.

The wage of a probationer is £18, and advances gradually to £30, all

getting two uniform suits per annum for ward use alone. To work a

purely pavilion hospital such as Belvidere, all its parts distributed over a

large area, and to maintain the large extent of tlower garden and pleasure

ground attached, requires a large staff. The distribution of coals is done

by an open lorry, on which all tiie coal-boxes are placed and driven round

the wards. The food is distributed by a covered van, divided into com-

partments, each of which holds the allowance for a ward. The ashes are

collected daily from portable circular-covered ashbins countersunk in the

ground adjacent to each ward, an arrangement which combines convenience

and perfect sightliness and inoffensiveuess. The whole institution is under
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the care of a physician superintendent, who is assisted in the general busi-

ness of the hospital by a house steward, and in the medical charge by two

permanent medical assistants. These are supplemented, as occasion re-

quires, by extra assistants. In fact, there are seldom less than three

assistants, and usually in the autumn and winter there are four or five.

These appointments are in great request among the best students of the

Glasgow school. They are only given to qualified men, and by preference

to such as have been house surgeons in either of our infirmaries. They
remain from one to two years. The present physician superintendent.

Dr. J. ^Y. Allan, was appointed in August, 1875, and has contributed

much by his urbanity, good management and rich experience to win and to

retain the confidence which Belvidere undoubtedly possesses both with the

profession and the public."

" In calculating the cost of treatment, the expenditure on the small-pox

hospital is always thrown in with that on the fever hospital. There having

been only rare and isolated cases of small-pox for some years, 120 beds

have been constantly used for scarlet fever, and only one pavilion, barri-

caded off with the whole administrative buildings, for small-pox. A small

staff is maintained there. The last financial year for which the accounts

are made up (June 1, 1886, to May 31, 1887) may be taken as an illustra-

tion of the expenditure, number and nature of cases treated, etc. There

was not a single case of small-pox treated, but £558 were expended in the

small-pox hospital; £15,945 in the fever hospital; 2,790 cases were

treated, including 1,270 cases of scarlet fever, 504 of measles, 204 of

enteric fever, 17G of whoopiug-cough, 87 of typhus, 134 of erysipelas,

diphtheria, chicken-pox and puerperal fever, the balance being made up of

nursing mothers and cases of mistaken diagnosis. The average residence

over all was 43.3 days (which is high, owing to the regulation residence

being eight weeks for scarlet fever) ; the average daily number of patients,

332 ; the average cost of treatment per patient, £5 18s. This does not in-

clude interest on capital expended in building and furnishing hospitals, but

does include ground, annual and all current expenditure in maintaining the

whole estate and working the hospitals. Taking one year with another,

the average mortality is: for typhus, 13 per cent.; enteric fever, 12 per

cent. ; scarlet fever, 12 per cent. ; measles, 5 per cent. ; whooping-cough,

12 per cent. ; and over all cases, 10 per cent."

" In the northeast corner of IJelvidere estate, the central washing and dis-

infecting establishment for the city is situated, occupying an area of 2,500

square yards. In those times when the treatment of infectious diseases

was left to the Royal Infirmary, whatever disinfection was carried out at

the houses of the patients was also performed by the directors. In their

annual report for 1824 they refer to this fact. The first washing-house

established by the authorities was a small place with a few tubs in a close

off the High Street. 'J'his was opened in 18C4. When Belvidere wag
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acquired, half of the existing fever hospital washing-house was reserved

for this purpose. This soon proved inadequate, and the present separate

establishment was finished, in 188;-), at a cost of £8,400. It is essentially

a washing-house, fitted up with the best mechanical appliances, to which

the articles to be treated are driven b}' a service of vans. There is a Lyons

disinfector, in which mattresses, clothing, etc, which cannot be washed,

are disinfected, a cremator for burning straw, chaff, wool, flock and other

articles, ' whose end is to be burned,' and a carpet-beating machine. It

has just been resolved to spend £800 in improving the arrangements, and

especially in adding appliances, devised by the sanitary inspector, for

treating everything which is ultimately to be washed with a solution of

bichloride of mercury, which, it is expected, will make the articles innocu-

ous before passing them on to the washers. On an average, 1,000 articles

per day are treated in one way or another."

" The hospitals, the washing-house, and the sanitary office in the city are

all in telephonic connection."

Germany.

The following regulations pertain to the organization of hospitals for

infectious diseases in Germany.

A. The building must be isolated and situated in au open space, if pos-

sible, away from inhabited quarters, but at such a distance that the patients

may be taken to it without difficulty or distress.

B. There must be no communication between the hospital and its sur-

roundings, and, where necessary, complete isolation must be established.

C. The beds must be separated by at least seventy-five to ninety centi-

meters and each patient allowed fourteen cubic meters of space. (These

requirements would hardly meet the demands of modern hospital hygiene.)

Convalescents are placed by themselves. Hospitals must be provided

with spare wards so that the occupied wards may be vacated from time to

time and carefully purified.

1). The air of the hospital must be kept fresh and pure. The furniture

must be kept perfectly clean, as well as the rooms.

E. The clothing of the patients must be separately stored and carefully

disinfected before it is returned to them.

F. Convalescents must be isolated till they leave the hospital.

Berlin.

Hosintah for Isolation.

At Berlin the preventive measures against infectious diseases are organ-

ized according to the regulations in force throughout the Empire.

A large hospital for isolation has been built by the corporation, com-

posed of twenty-four detached pavilions of one story, with an additional
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building for emergencies. A space is reserved for the construction of six

additional pavilions.

This hospital (das stadtische Krankenhaus Moabit) is situated in a space

nearly open on all sides on the Moabit quarter, near to the public park, and

small Thiergarten. The ground has the form of an elongated rectangle.

Pavilions are built on the long sides facing east and west. The distance

between each is seventeen meters, and the two sides are separated by

sixty-four metres. The intermediate space is occupied by lawns, groups

of trees and shrubs.

The buildings cover a surface of 10,000 square meters, of which 6,432

are occupied by buildings ; the grounds, mortuaries, etc., take up the re-

mainder.

Each pavilion contains a ward 28.25 meters in length, 6.90 meters in

width, and 3.14 meters in height. Each contains thirty beds— too many
in a hospital for infectious diseases, as that allows only twenty-seven cubic

meters for each patient. The ward is lighted by windows in the side walls,

one being placed between every two beds.

The materials employed in the construction are blocks of wood interca-

lated with bricks. The inside walls are lined with boards painted in oil a

bright color. The floor is formed of a bed of concrete.

There are no ceilings. The roof is composed of a double layer of boards,

painted in oil inside and covered outside with millboard saturated with

asphalt.

A skylight runs along the middle of the roof with lateral apertures,

which may be opened and shut from within.

A vestibule at one end, traversed by the entrance corridors, comprises on

its right side servants' rooms and the dispensary, and on the left, the bath-

room, linen-room and water-closets. All these rooms have boarded floors.

The heating is effected by means of steam-pipes connected with a boiler,

which also serves for the kitchen and laundry. A large steam-pipe runs in

a subterranean trench in front of the pavilions, sending a branch to each,

which is subdivided into several pipes for warming the rooms and heating

water for the bath-room. Three steam-pipes, two to the north and one to

the south, run above the floor at a height of 0.30 meters ; they are provided

with taps for the regulation of the temperature. The condensed water

returns to the boiler by a pipe.

Ventilation is very simply managed. Fresh air is introduced by means

of fourteen openings, each eighteen centimeters wide, made in the walls of

each ward at the same height as the steam-pipes, wliich warm the air as it

enters. The impure air escai)es by the lateral apertures above.

The rooms, etc., are lighted with gas; the lamps are hung below the

skylight, and assist in the ventilation.

The pavilion for special isolation attached to the hospital is similarly

constructed and measures 1.5.67 meters in length by 8 meters in width, and
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3.64 meters ia height. It contains three rooms separated from one another,

each having three beds. A covered veranda, 2.30 meters in height, runs

along the front. Large doors at each end set up a current of fresh air.

Eleven casements are placed in front of the veranda near the roof,

which are removed during the summer.

A water-closet is provided for each room, placed in a vestibule, and

abutting on an outside wall, being perfectly ventilated and separated from

the ward by an ante-chamber.

Eacli of the wards has a roof of a pyramidal form, at the top of which is

a ventilating-pipe surmounted with a Wolpert aspirator. The tloors are

made of brick covered with IVIetlach mosaic.

Heating is effected by steam introduced into hot-air stoves, placed in the

middle of the floor, and so constructed that the heat can be regulated.

The stoves are surrounded with an iron jacket.

Fresh air is supplied to the apparatus by a trench in masonry under the

floor, and is warmed in passing between the stove and the jacket. The

impure air escapes partly by the ventilating pipe in the roof, partly by

other pipes adjoining a small tower in the ceiling of the veranda, in which

are placed water-cisterns for the baths.

The rooms may also be heated by steam-pipes.

At one end of the veranda is a small enclosed room, into which lineD

for the wash is thrown through a trap-door ; it is taken away by a door

communicating with the open air.

There is a place for disinfection in the establishment through which tlie

linen is passed.

AVhen no epidemic prevails, part of the hospital is given up to ordinary

patients. It is, however, considered preferable to nurse the latter in the

stlidtische allgemeine Krankeuhaus Friedrichshain, which is a splendid

hospital built in pavilions, four of which have one story and six two stories.

There are also two pavilions for isolation with two stories and another of

one story exclusively reserved for diphtheritic patients.

In the department for isolation each adult is allowed a space of fifty-

seven to sixty cubic meters, and each child thirty-one to forty-two cubic

meters.

The pavilion for diphtheria is warmed by steam, but the general method

is a combination of heating by means of hot-water ai)paratu3 connected

with the ventilation. Each ward has also chimneys open in the summer

and autumn.

In order to assist ventilation the smoke-pipes pass through the ventilating

shaft.

The removal of persons suffering from infectious diseases is entrusted to

contractors charged with the maintenance of the necessary carriages, the

use of public carriages being forbidden to such patients in virtue of an

otlicial order of the 7th of February, 1887.
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Paris.

!No satisfactory system for the treatment of persons sick witli infectious

diseases in hospitals specially designed for this purpose has yet been

effected, but a commission was appointed to investigate the subject, and

reported in June, 1887, to the municipal council. Thus far, persons at-

tacked with infectious diseases have been received into all hospitals, except

small-pox patients, who were only admitted to the hospitals of Saint Louis

and Saint Antoine, which had isolated buildings for their accommodation.

In the other hospitals the infected are also isolated, but experience has

proved that the measures taken for that purpose have not been effectual,

and it too often happens that infection is propagated within these estab-

lishments. Statistics also show that there has been an increase in the

deaths from infectious diseases in Paris, while they have sensibly dimin-

ished in other cities where isolation is better organized.

There is a station at the Hotel Dieu in connection with the transport of

infectious cases, in which are kept two horses, two carriages and a driver.

"When any person ill with a contagious disease requires to be taken to the

hospital, notice is sent to the nearest police station, whence it is transmitted

to the Prefecture, who then sends orders to the Hotel Dieu. The disinfec-

tion of carriages is prescribed by the regulations, but this duty is left to

the driver, without supervision.

The plan already mentioned provides for two ambulance stations, one on

the right bank of the Seine, near the Hospital of St. Antoine, and the other

on the left bank, near the Hospital for Sick Children. Each of these sta-

tions is to have twelve carriages for removal of the sick. Two will be

reserved for small-pox, two each for measles, diphtheria, scarlet fever and

typhoid fever, and the last two will be reserved for other diseases—
whooping-cough, erysipelas, etc. The carriages used for one disease are

never to be used for another. Each coach-house must be divided into six

compartments in order to prevent mistakes. The stable will be arranged

for six horses, though it will not be necessary to keep more than two in

them under ordinary circumstances.

A certain number of nurses will be assigned to each ambulance to ac-

company the patients. They will live in the adjoining hospital and give

their services in turn.

The staff of the station will consist of a chief officer, two coachmen, one

of whom must be married, and a servant, who may be the wife of the lat-

ter. All these persona will live on the premises, and the staff, as well as

the nurses, will be boarded there. Tlie estimated cost of construction of

each station is about §14,000, and that of each carriage about $500. Each

is to be provided with a seat for the nurse, near the pillow of the patient,

and a drawer for clothes and linen. After each journey the carriage is to

be thoroughly washed. The stations are to be connected by telephone

with the Relief Board and the Prefecture.
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Hosjyitals.

As a part of this general plan, four hospitals are to be erected near the

gates at the entrance of the city. Two will be devoted to small-pox, and

one each to diphtheria and to measles. The first are designed for seventy

beds in each. The plan provides for reserving a plat of ground near by,

so that in case of need supplementary pavilions may be constructed with

accommodations for more than eighty more patients. This ground is to be

levelled, covered with asphalt and drained, so that temporary buildings can

be put up in a few days. If further accommodation is required, it is pro-

posed to build a hospital for convalescents at Creteil, southwest of Paris,

on ground belonging to the Relief Board.

A hospital for diphtheria also forms a part of the plan, to be erected

near Bicetre, at the south end of the city.

The following figures show the special need for ari'esting the progress of

diphtheria and measles in Paris :
—

Mean Death-ratefrom Diphtheria per 10,000 Inhabitants, Paris.

From 1865 to 1869 4.32

» 1870 to 1874, 4.72

" 1875 to 1879, 8.88

" 1880 to 1884, 9.26

" 1885 to 1887, 7.68

Mean Death-ratefrom Measles per 10,000 Inhabitants, Paris.

From 1865 to 1869, 3.18

" 1870 to 1874, 3.35

" 1875 to 1879 3.72

" 1880 to 1884, 4.90

" 1885 to 1889, 5.71

Scarlet fever does not appear to have found a congenial soil in Paris,

the average mortality per 10,000 from this cause being but 0.9 as compared

with 1.7 in Loudon, 1.2 in Edinburgh and 3.2 in Berlin. Measures for its

restriction there do not therefore appear to be so imperative as in the case

of the infectious diseases already named.

With the view of diminishing the spread of whooping-cough it has also

been proposed to found a great isolating establishment, including a school

and a hospital.

The public disinfecting stations form a part of the general plan for the

prevention of the spread of infectious diseases. Those of Paris and Berlin

are most thoroughl}' equipped, aud managed in the most effective and sys-

tematic manner. Their description, however, does not come within the

scope of the present paper.
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Later information upon the subject of isolation of contagious diseases iu

Paris may be found in a paper contributed to the International Congress of

Charities, Correction and Philanthropy at Chicago in June, 1893, by Drs.

Herbert and Hogg of Paris.*

The following summary is presented in that paper of the facilities which

are afforded in Paris for the isolation and treatment of hospital patients

suffering with contagious diseases. The hospitals providing such facilities

are six in number :
—

The Aubervilliers Hospital possesses separate buildings for small-pox,

measles, scarlet fever, erysipelas, diphtheria and doubtful cases ; in all,

184 beds.

The Hospital Trousseau. Isolation wards are established for children

with diphtheria, measles and scarlet fever (181 beds).

Hospital '-'• des Enfants Malades" (Enfants Jt^sus), which is a hospital

for children, receives diphtheria and scarlet fever patients (52 beds).

In addition to these the following hospitals are provided with isolation

rooms : Lariboisiere, 7 beds ; La Pitie, 5 beds ; La Charite, 3 beds.

All of these taken together furnish a total of 332 beds.

Sweden.

In Sweden, local public health administration is in charge of a Commis-

sion of Hygiene, in the towns (Helsovardsnamnd) ; and in rural districts

the Communal Council is entrusted with sanitary functions. These have

been organized by laws of 1874 and 1885.

During the prevalence of an epidemic of infectious disease the Commis-

sion must attend to the following regulations :
—

1. The immediate removal of the patient to a special hospital, a place

isolated for the purpose, unless the transport should endanger the life of

the patient. He may remain in his own dwelling if he can be nursed

according to the regulations prescribed by the Commission.

2. The immediate disinfection of the house, clothing, bedding, etc., of

the patients who have died, recovered or been sent to the hospital.

3. Patients are not to be removed in public carriages ; stretchers, sedan

chairs, etc., are disinfected after use.

4. Clothing of the patients, and anything belonging to the hospital

which has been lent or sold, are to be disinfected.

Persons suffering with epidemic or infectious diseases cannot refuse to

be removed to the special hospital unless life would be endangered, or they

can be nursed in a place properly isolated, at their own expense.

When two infectious diseases prevail at the same time, two special hos-

pitals should be established, or, at least, a properly isolated portion must be

set apart for the treatment of one class of patients.

• Hospitals, Dispensaries and Nursing. Papers, Uiscussions, etc., at Congress of Charities,

Correction and Pbilantliropy, June, 1893. New Yorit, 1894.
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rooms, a building for the administratiou and for tlie doctor, one for cooking,

a laundry, mortuary, etc.

Before this time the old hospitals were utilized, temporary buildings

being expected for special requirements.

These are constructed of double boards. The interstices of the walls,,

floor and ceiling are filled up with charcoal.

A barrack on this model was erected in ten days in the park of Bellevue

near Brunsviken, when an epidemic of small-pox was threatened. The

expense amounted to about £700.

A permanent erection has been constructed on the ground of the

hospital Saint Maria to serve as a place for isolation. Its total length

is 32.30 meters and the width 7.50 meters. Its height is 15.50 meters

between the ground and the ridge. The front, which looks towards the

west, is flanked by a fore-court eight meters in length by 5.5 meters in

width. The sides are made of boards 7.5 centimeters thick, wainscoted

and lined with mill-board outside and inside. The roof is of mill-board

covered with asphalt.

The building contains two wards, with thirteen beds in each. The space

between the wards is occupied by a room for the nurse, a linen-room, and

a small kitchen for making drinks. Behind the vestibule adjoining the

wards, which can be divided into parts, is a fore-court in which are

placed the latrines and the bath-room. The floors of the wards are made

of asphalt, laid on a bed of cement, which is placed on the ground, cov-

ered with a bed of broken stones and gravel. The other rooms have also

asphalt floors, excepting the nurses' room.

The walls and ceilings are painted in oil throughout the building, in

order that they may be easily cleaned. Eacli bed in the wards has 7.20

square meters of floor space and 30 cubic meters of cubic space. The

windows are made in the side wall of the ward, and look east and west,

there being eleven in each ward. The windows are tw'O meters in height

by one in breadth, their total surface being about one-foartli of the floor.

The establishment possesses a gas and water service. There are two baths

made of copper in the bath-room. The latrines are arranged on the system

of movable tanks used in the city, but in such a way that the urine flows

away separately by a subterranean pipe. In the closets there are also cis-

terns in zinc for the soiled linen, a current of water continuously passing

through them from top to bottom, and discharging into the sewer. The

speed of the current is regulated at pleasure.

In this way all risk from the handling of dry linen worn by the infectious

patients is avoided. The linen is not taken from the water and wrung

until the moment when it is to be sent to the wash. The cisterns have

lids locked with a key.

Heating and ventilation are effected by means of a kind of stove with an

iron casing lined with fire-proof bricks. The casing does not come higher
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than the middle of the stove, and is 6 centimeters from it. The total

height of the apparatus is 3. GO meters, the exterior diameter, 0.60 meter;

the heated surface, 7 square meters.

The fresh air, entering by a pipe sixty centimeters by thirty, arrives at

the bottom of the stove and is lieated in passing between the stove and the

casing. The ventilating-pipe is provided with a sliding valve.

The stoves are arranged for slow combustion, fed at long intervals dur-

ing the day, and kept locked.

The impure air escapes by pipes heated in the chimney, each discharge

pipe haviag an opening near the tioor for ventilation in winter and one

under the ceiling for summer ; the valves of these openings are enclosed

that they may be out of reach of the patients.

The upper sash of two opposite windows in each ward is provided with

hinges below, so as to open within, and has an iron plate on each side.

All the air-pipes are arranged so as to be easily cleaned.

During the summer more thorough ventilation may be secured by a

water ventilator on Trentler and Schwartz's systems, fixed in the roof,

above the centre of the building. This ventilator is put into communica-

tion with the wards and the outer air in such a way that air may be

admitted or excluded at pleasure by opening or shutting valves.

The cost of this barrack is about £1,440.

The city keeps a special carriage for the removal of infectious patients.

It is lined inside with varnished wood, which can be easily cleaned after

each journe}'.

Denmark.

Copenhagen.

The -wards of Blegdams Hospital are. fitted up with special care for the

treatment of patients with infectious diseases. There are eight one-storied

pavilions, two for twelve patients each, six for twenty-six each, and a two-

storied pavilion for seventy-eight patients ; besides, there are some movable

marquees (felt tents of Docker's patent), with accommodations for fifty

patients. The general arrangement of the hospital is shown in the

accompanying plan. The one-storied pavilions belong to several systems.

One of these is especially distinguished by its heating and ventilating sys-

tem, planned by Mr. Julius Thomsen, Professor of the University and

President of the Polytechnic Academy. In outline it is in each of two

entirely similar halves, as follows : fresh air is conducted from wells at a

proper distance from the building to an air chamber in its cellar, from which

it is conducted under the tloor of the sick ward, into which it ascends throuj2;h

three openings in the fioor. In the cellar a fire is kept up all the year

round ; during the cold season the draught from the furnace is conducted to

a chimney in the centre of the building through a calorifere placed in the

air-chamber ; hereby the fresh air gets a suitable temperature, while the
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draught in summer is conducted directly to the chimney, without passing

the calorifere. The chimney will always thus be able to exhaust the viti-

ated air of the sick ward, which is effected by means of channels leading

Plan of Blegdams Hospital , CopeNthagen
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to the chimney from openings in the walls of the ward at various heights

from the floor. The draught in the fireplace, in which the consumption of

fuel naturally varies according to outside temperature, can be regulated

with a simple mechanism from the cellar, as well as from the sick ward, so

that it goes partly through the calorifere, partly directly to the chimney,

and that an increase of one passage corresponds to a diminishing of the

other. In the same manner the exhaust can be regulated ; its strength can

be read from an anemometer in the ward, and it may be regulated or entirely

stopped, according to circumstances. The nurses are thus at all times able

to control the temperature and renewal of air. The above-mentioned two-

storied sick ward of Blegdaras Hospital was just completed at the expira-

tion of 1890, and represents a high-class modern-hospital technique. The

principles on which the new operating room in the Commune Hospital,

above described, was built are in every essential also used in this building.

Its baths, kitchens, closets and other accessories are in most perfect har-

mony with the principles described above.
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HEALTH OF TOWNS.

Under this title it has been customary to present a digest of the

annual reports of the local boards of health which have been received

at the office of the State Board of Health.

Very few of the smaller towns (such as have populations of less

than 2,000 inhabitants) publish separate reports of the local boards

of health. The reports which we receive are, therefore, mainly

those of the cities and large towns.

The most prominent topics which appear in these reports are the

increased care devoted to the subject of the notification of infectious

diseases, and their prevention by isolation, disinfection and vaccina-

tion, the need of sewerage and efficient methods of disposal in towns

where no systems are in existence, the inspection of plumbing and

registration of plumbers, and the disposal of the garbage and the

refuse of houses and of streets.

The subject of the notification of diseases has been considered at

an earlier place in this volume.

The following table contains the statistics of cases of diphtheria,

scarlet fever, typhoid fever and measles reported to local boards of

health, as compiled from the annual reports of such boards, which

have been forwarded to the office of the State Board, since the close

of the calendar year 1893. In parallel columns are also presented

the deaths from the same causes, as given in the same reports.

Cerlnin Infectioiis Diseases reported to Local Boards of JTenlth in 1S93.

Cities and Towns.
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Certain Infectious Diseases reported to Local Boards of Health in 1893
— Continiied.

Cities axd Towns.

BOSTOK,

Bradford,

Bridgewater, .

Brockton, .

Brookline,

Cambbidge, .

Chelsea,

Concord,

Dedbam,

EaathamptoD,

Everett,

Fail River,

FiTCHBURG, .

Framingbam,

'Gardner,

Gloucester,

Great Barrington,

Greenfield,

Haverhill, .

Hingham,

Hudson,

.

Ipswich,

Lawrence, .

Leonainster, .

Lexington,

LbWELL,

Lynn, .

Marblebead, .

Marlborough,

Maynard,

Medfobd,

Mel rose,

Mlllbury,

Milton, .

Nantucket,

Kecdham,

Diphtheria and
Croup.

Cases. Deaths.

1,465

5

2

44

18

103

29

7

3

34

10

40

10

13

4

16

4

47

18

2

4

6

85

20

1

85

105

15

7

1

28

15

10

4

3

476

1

15

4

48

10

Scarlet Fever.

Cases. Deaths.

2,680

8

3

82

44

680

89

38

53

16

105

343

28

32

9

110

27

14

19

241

33

2

209

272

113

14

43

31

93

14

10

4

248

Typhoid Fever.

Cases. Deaths.

12

87

23

18

7

10

53

14

5

141

6

2

160

63

7

2

13

6

15

2

11

148

1

3

3

16

5

Cases. Deaths.

Ill

515

43

47

147

592

38

50

26

13

20

60

264

154

541

316

13

300

92

118

27

1
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Certain Infectious Diseases reported to Local Boards of Health in 1893
— Concluded.
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the actual numbers, in consequence of a small percentage of neglect

or failure to report. The figures are as follows :
—

Reported cases of diplitlieria and croup,

Registered deaths from diphtheria and cr

Fatality,

Reported cases of scarlet fever,

Registered deaths from scarlet fever.

Fatality,

Reported cases of typhoid fever,

Registered deaths fi'om typhoid fever.

Fatality,

Reported cases of measles.

Registered deaths from measles,

Fatality,

oup

2,919

926

31.7 per cent.

7,420

8.8 per cent.

2,457

492

20.0 per cent.

6,290

98

1.6 per cent.

The following summary contains the figures for each of these

diseases for the years 1891, 1892 and 1893 :
—

Reported Cases of Infections Diseases.
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The reported cases of measles were eight times as many as those

of 1892, but the fatality was less than half as great, being 1.6 per

cent, as compared with 4.0 in the preceding year.

The following figures present the fatality from diphtheria, scarlet

fever and typhoid fever as reported by the Local Government Board

of England for the years 18D0, 1»91 and 1892.
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Arlington.

In the absence of a regularly elected Board of Health, the selectmen,

under the statutes, constitute the Board. As our town increases in popula-

tion, and dwellings are erected nearer together, the importance of an alert

and competent Board of Health is evident. On all our streets a greater or

less portion of the land is used for cultivation. This results in the use of

various forms of fertilizers, which, while not always dangerous to health,

are very objectionable— whole neighborhoods at times being rendered un-

comfortable by the unloading of the refuse from the city.

The keeping of swine within the limits of the town should be restricted

to places remote from the densely inhabited portions.

We suggest that a separate Board of Health be elected by the town,

selected from those citizens who are especially familiar with sanitary matters.

Attleborough.

In accordance with the requirements of the Public Statutes, the Board

of Health makes an annual report to the town. This report should include

an account of the duties performed by the members, such suggestions for

the physical welfare of the town as occur to them as the results of their

experience, and tables of vital statistics which, when compared with reports

of former years, indicate the way the town is growing and suggest oppor-

tunities for its sanitary improvement.

Less complaints were received this year than usual. In fact, house-

holders are now generally informed as to the requirements of the Board

and gladly conform to them. No serious epidemic has occurred.

Measles became so prevalent that the Board requested the school com-

mittee to exclude from the public schools all pupils coming from homes

where there were such cases. This, being an innovation, caused unfavora-

ble criticism from the public and even from physicians in town, but singu-

larly enough, by this action the local Board only anticipated by a few

months what is now required by the statutes, viz., that measles shall be

included in the list of diseases " dangerous to the public health," and

consequently to be especially guarded against.

Ayer.

The most notable occurrence in connection with the health of the town,

during the year, was an epidemic of scarlet fever. The lower grades of

the public schools were closed for several weeks in Deceml)er with little

apparent effect in checking the spread of the disease. Tlie disease was

probably spread in many instances by cases so mild they were not recog-

nized.
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Barre.

It is a notable fact relative to the health of Barre, that, in a total of

thirty-five births and thirty-six deaths, there were no deaths of infants, and

no death was reported of any person under thirty years of age.

Beverly.

There was free vaccination of 1,374 patients, and the issuing of certifi-

cates to the same.

In view of the fact that the town has voted to put in a system of sewer-

age, the Board would most earnestly recommend that the town adopt the

State plumbing law so that in the future the citizens will receive the full

benefit of the sewer.

They would also call attention to the daily increasing demand for the

adoption of some system for the collection of garbage, swill and ashes.

At the present time the greater part of the swill is mixed with ashes and

then dumped on some of the various dumps in and about the town, thus

creating a very undesirable state of affairs in such locations.

Boston.

The total number of deaths during the year was 11,710, an increase of

474 over the preceding 3'ear. The death-rate per 1 ,000 inhabitants for the

year is found to be 24.02. The prevalence of pneumonia during the year

assumed a character unequalled in the registration of vital statistics in this

city. In 1851 its percentage to the total mortality was 7.75; in 1893 it

was 13.15 per cent., or a total of 1,540 deaths from this cause alone. It

is gratifying, however, to be able to state that the percentage of the total

mortality from zymotic causes is less by .49 per cent, than for the year

1892, or 17.43 per cent, of the total number of deaths. The deaths from

diphtheria increased 62, while the deaths from scarlatina decreased 14, as

compared with the preceding year.

Infectious Diseases.

Small-pox.— On Oct. 30, 1893, after an interval of fourteen months, a

case of small-pox occurred in Ward 6. The patient, a boy eleven years old,

who arrived in Boston, October 15, on the " Catalonia," must have con-

tracted the disease on that steamer. On November 6 a second case occurred.

The case was found in Ward 22, and was directly traceable to the " Cata-

lonia." This patient was removed to the hospital, and as he was uuvacci-

nated he had a severe attack of the disease. This case gave rise to two others

occurring in tiiis man's family. As the two last patients had been vaccinated

they were not very ill, and remained at the hospital only a short time. On
November 13, in AVard 13, three cases occurred in one family, which were
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directly traced to a mild attack of the disease which must have been con-

tracted on the " Catalonia." These three patients, together with the per-

son who arrived on the " Catalonia," were removed to the hospital, where

they all recovered. The unvaccinated were quite ill ; the vaccinated were

not seriously ill. On November 18 a case occurred in Ward 14. The

patient, a little girl about three years old, contracted the disease from a

mild case in a person who arrived in Boston on the " Catalonia." On
December 7, 8 and 9 eight cases occurred in Ward 19, which were con-

tracted from an unrecognized and mild attack of the disease. A case oc-

curred on December 8. in AVard 18, the origin of which could not be traced.

From Dec. 10, 1893, to Jan. 5, 1894, eleven cases occurred which could be

directly traced to the mild case in the family living in Ward 19, which

has been previously mentioned. On December 13 a case occurred in Ward
14, which could be directly traced to a previous case.

From Oct. 30, 1893, to Jan. 31, 1894, there were in all thirty-six

cases. The percentage of deaths among the unvaccinated has been 29.62.

No vaccinated person has died, and no vaccinated person has been seriously

ill. A mother nursed her infant, who had the disease, during the whole

course of the attack, but as the mother had two perfectly characteristic

scars she did not contract the disease. Two vaccinated children, relatives

of a patient, were constantly exposed from three to four weeks to the dis-

ease and did not become ill.

Vaccination. — The number of cases of small-pox having increased in

November, it was thought best to offer free vaccination in those sections

of the city where cases of this disease were most frequently found, and

there were in round numbers 100,000 vaccinated.

Early in November, while vaccinating among school children in South

Boston, the Board personally discovered the fact that many children were

attending the public schools without ever having been vaccinated, and these

facts were subsequently communicated to the School Committee, under date

of Nov. 28, 1893. Fifty-nine thousand four hundred and eighty-eight

pupils have been examined; there have been 4,120 primary vaccinations

;

10,1.02 re-vaccinations ; and the number of pupils refusing vaccination and

presenting insullicient evidence of having been vaccinated is 1,678.

Diphtheria. — Tlie Board of Health has repeatedly asked for an appropri-

ation with which to increase its care for the uncontrolled cases of diphtheria

and scarlet fever, and it has as often been refused. The Board would like

to have all cases seen by its own physicians or agents, held under proper sur-

veillance while at iiome, and released from isolation only on tlie certificates

from the same physicians or agents. We wouhl like to aid in having all

doubtful cases of sore throat decided by expert bacteriological examina-

tions, and have all cases of diphtheria discliarged from isolation by means

of the same tests, or after a prolonged isolation when all local and general

symptoms of the disease have disappeared. To do this the department
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must have more medical agents, and have its present medical officers re-

lieved from duties now performed for other departments of the city.

We have long since been satisfied that the welfare of the schools and the

community at large demands ])etter protection against the spread of conta-

gious diseases, and that through additional medical agency alone can we

hope to give such protection.

For this purpose the Board of Health recommended to the School Com-
mittee the adoption of the following regulations in response to a request

from the School Committee :
—

First: That no pupil be admitted to any public schools without a certifi-

cate from that such pupil bears the physical evidence of

having had a disease known as vaccinia.

Second : For the return of any pupil to school after suffering from small-

pox, scarlet fever, diphtheria, measles, or whooping-cough, a certificate

should be required from that the pupil has lost all power to

communicate to others the disease from which he has been suffering, and

that all infected articles of his household have been disinfected to the sat-

isfaction of the Board of Health. For the continuance of any pupil in

school in whose family or in whose proximity there is a case of small-

pox, scarlet fever, diphtheria, or measles, or any undestroyed infection or

contagion from said diseases, there should be required a certificate from

setting forth the fact that the patient is safely removed from

the danger of contracting and of conveying the disease.

When a child is known to have been exposed to the infection of small-

pox, scarlet fever, diphtheria, or measles, it should return to school only on

certificate of that the period of incubation belonging to the

disease to which he has been exposed has passed.

Houses Vacated.

During the year one hundred and eighteen houses have been ordered

vacated for various causes, the chief complaints being general unsanitary

conditions and want of repair. These houses were for the most part tene-

ment-houses located in different sections of the city.

Tenement and Lodging House Inspection.

During the night visits of the inspectors the present winter, many cases

of overcrowding were discovered in tenement-houses in the poorer sections

of the city.

This the Board has been obliged to remedy by ordering the removal of

all the occupants of such tenements, as it is obviously impossible for the

Board to determine which ones should be allowed to remain, and which
compelled to go. This dilliculty, however, was in many cases solved by
the occupants themselves, and as soon as the number of occupants became
reduced to a satisfactory limit the Board rescinded its order to vacate the
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premises if other sanitary requirements were complied with ; in a few in-

stances, however, the premises had to be entirely vacated before a satis-

factory condition was reached.

The cheap lodging-houses have been frequently visited, and in most
cases all requirements of the Board were complied with.

House to House Inspection.

Whole number examined,

.

Bad odors found in, .

Defective drains found in.

Defective trapping found in,

Piivy-vaults found, ....
Oifensive vaults found,

Damp or unclean yards, .

Damp or unclean cellars, .

Using furnaces, ....
Furnaces without proper aii'-supply,

Using steam-heat or hot water,

AVater-closets found in, .

Offensive water-closets found in,

Ventilation to soil-joipe or drain found in,

Offensive cessiDools found,

Percentage of defective drains.

Percentage of defective trapping, .

Pei'centage of unventilated drains, .

382

83

122

107

3

3

8

14

190

18

28

377

18

250

13

31.94

28.01

34.55

Pollution oj Charles River.

In the fall of 1892 a complete inspection and report were made by a

corps of inspectors from this office of all the drainage which was a source

of pollution to the Charles River. This report includes all that part of the

river located in Ward 25, and embraces not only the public sewers but

also all private drains, the discharges from which, either directly or indi-

rectly, eventually find their way into the river. At the time of inspection,

in 1892, there were 232 private drains reported as discharging directly or

indii'ectly into the river.

Public Baths.

The following table shows the number of bathers at the public baths :
—
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Disinfection.

The following tables show the work of disinfection during the year :
—

Diphtheria, .
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Niuety-six cases of eruptive disease reported as small-pox have been

examined. Of these, twenty-six were found to be small-pox, and the

patients— five men, thirteen women and eight children— were removed

to the small-pox hospital on Canterbury street, where twenty-two recovered.

The manifest importance of a bacteriological investigation as a means of

diagnosis in doubtful cases of diphtheria is becoming more and more evi-

dent, and of no less importance, as far as the well-being of the community

is concerned, is the bacteriological investigation of cases after apparent

recovery from diphtheria. In an endeavor to diminish the prevalence of

this disease, the two most important factors are : first, the recognition of

mild and doubtful cases ; second, the actual disappearance of the specific

germs of the disease, which can only be recognized by means of a bacteri-

ological investigation.

Report of Port Physician.

During the entire year all vessels arriving from the following ports were

stopped at this quarantine for inspection : from all ports in Europe ; from

the Western, Madeira, Canary, or Cape Verde islands ; from the Mediter-

ranean sea or straits thereof ; from the west coast of Africa or around the

Cape of Good Hope, and from Central and South America.

From the first of June, vessels from the West India, Bahama, or Bermuda

islands, and Mexico were stopped for inspection.

From the first of June to the first of November, all vessels arriving from

any port in the United States south of Virginia were inspected at this quar-

antine.

Eight hundred and sixty-one vessels wei-e boarded during the year.

Number of vessels disinfected, eight ; one of which was a schooner and

the remainder were steamers.

Number of persons removed from vessels for sickness, seventeen.

Number of persons vaccinated, 2,855.

The new bath-house and disinfecting cylinder were used for the first

time April 1, and they both worked satisfactorily.

Report of Inspector at Abattoir.

Animals Killed.

Cattle 34,521

Calves 6,640

Sheep, 63,029

Total, 104,090
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Animals Condemned.

Number.
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slightest idea of cleanliness, and practise little or none in the production of

milk. Unfortunately a great many of such people are dependent on the

sale of milk for a livelihood.

Bkadford.

One case of tuberculosis has been reported, which was at once sent to

the Cattle Commissioners, and the cow isolated as required by them and

was, after examination by them, ordered to be killed.

The following regulation was drawn up and accepted by the Board and

posted by them in accordance with the Public Statutes.

Regulation 40 : No person shall keep swine or goats within the compact

part of the town without a license from the Board of Health ; and no swine

shall be kept within three rods of any dwelling elsewhere.

There have been seventy houses where new plumbing has been done, and

the inspector has thoroughly examined and accepted the same.

It is our advice that the town employ responsible parties, who shall, at

stated intervals, collect the ashes and take charge of the dumping places,

and that a contract be made with some responsible party to collect the swill

and garbage as often as twice a week.

Braintrek.

By provision of law in towns not having a Board of Health, the select-

men act as such, having all the authority bestowed upon such Board. As
the town is becoming more densely populated, stricter attention should be

paid to the sanitary conditions.

We believe that the carrying of curtains or canopies from house to house

as is sometimes the custom of funeral undertakers is a frequent source of

contagion, and the practice should be discountenanced.

Brockton.

The following is a list of the principal complaints and nuisances investi-

gated during the year :
—

Defective cess-pools, 102

Defective vaults, C5

Filthy yards, 115

Houses placarded, 126

The number of loads of cess-pool matter removed by the excavator

wagons the past year was 12,210; the number of loads of night-soil re-

moved was 3,099 ; the number of loads of ashes removed was 5,444.

The Sewerage Commissioners have completed the part of the work laid

out for the year 1893, and, if as successful in carrying out their plans for

sewering the streets, will be able to take care of the sewage of the business

part of the city the coming year.
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A requisition was made upon the Civil Service Board of Examiners for

a list of plumbers qualified for the position of inspector of plumbing.

The names of three persons qualified to fill the position were certified to this

Board, and one was selected and appointed by the Board as inspector of

plumbing.

BUOOKLINE.

The number of deaths reported from tuberculosis during the year (thirty,

or over 12.5 per cent, of all the deaths, occurring principally as consump-

tion), shows the need on the part of the public of a clearer understanding

of the preventable nature of this too common disease. It may not be out

of place to emphasize the fact that pulmonary tuberculosis (consumption)

is absolutely proven to be a communicable disease, and quite easily com-

municated when the person exposed to it has his vitality depressed by such

influences as foul air, indoor occupation, food poor in quality or insufficient

in quality, bad ventilation, certain climatic conditions and especially fatigue

from nursing a consumptive.

In April, the following order was passed :
—

Ordered, That in case of death, when the deceased has not been attended b}- a

physician, the certificate of death shall be issued by the Medical Examiner.

The public swimming-bath on Boylston street was open as usual during

June, July, August and September. Early in the season the portion of the

brook above the bath-house was inspected and cleaned out, and measures

were taken to prevent pollution of the stream. Some necessary repairs

were made on the bath-house to enable it to be used a little longer. Supt.

Dillon reports that during the season 9,790 baths were taken, an increase

of 2,101 over the previous year. Neither accidents nor illness have been

reported, and many boys have learned to swim.

The importance, as a health measure, of frequent bathing in hot weather,

and the great value of a public swimming-bath, both as a means of physi-

cal culture and of acquiring an art the possession of which saves many
lives, can hardly be overestimated. The recommendation made last year

by the committee on the bath-house is renewed, namely, that a more com-

modious swiuuning-bath be constructed.

The occasional need of a suitable building, owned by the town, for per-

sons taken ill with diphtheria, scarlet fever or other dangerous contagious

diseases (except small-pox) and having no home here, has received careful

attention and it was

Voted, That in the opinion of the Pioard, it is necessary to erect a separate build-

ing upon land owned by the town, adjacent to the almshouse, for the care and

treatment of patients with contagious diseases.
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The emergency hospital for cases of small-pox, built by the Board in

1885, and fortunately never needed until 1893, was put in condition for

patients, and, most important of all, ample facilities were provided for

free vaccination.

Of the nine hundred and seventy-five persons who received free vaccina-

tion between December 1 and January 31, a very large proportion were

natives of the British Provinces and never previously vaccinated. A num-
ber of alleged cases of small-pox, and of persons reliably reported as re-

cently exposed to that disease, were promptly but quietly investigatec. by

the Board, and all necessary precautions were taken in each case.

Cambridge.

Complaints and nuisances investigated during the year :
—

Full, overflowing and oflfensive privy vaults, .... 733

Offensive and defective water-closets, 28

Defective drainage, open and broken drains, etc., ... 61

Filthy yards, 118

Number of inspections made, 6,368

Number of subsequent inspections, 4,020

Total 10,388

Number of notices issued and recorded, 1,070

Number of visits to premises where contagious diseases oc-

curred during the year, 1,644

The various dumps throughout the city have caused considerable annoy-

ance and given rise to many complaints during the year. With a view to

a more thorough control of the persons using these dumps and for the pre-

vention of the deposit of improper material on them, the Board decided to

employ a mounted police oflScer for as long a time as the appropriation at

their disposal would permit. The short experience the Board lias had with

this means of prevention, has convinced it of its value.

Owing to the occurrence of some cases of small-pox in neighboring

places, the Board decided to open three stations for free vaccination. Fol-

lowing is a list of vaccinations done up to the close of the year : — Station

One, seventy-one ; Station Two, two hundred and four ; Station Three,

one hundred and fourteen.

An unusual prevalence of scarlet fever, or of diphtheria, always raises a

question of the expediency of closing the public schools. Setting aside

the fact that Boards of Health have not this power, it docs not appear as

if such a proceeding would answer any useful purpose in the majority of

cases in such a city as Cambridge. Any plan calculated to control effec-

tively the spread of such diseases as scarlet fever and diphtheria must in-

clude the following measures :
—
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1

.

Isolation. Hospital accommodation will be required for those cases

which cannot be properly isolated at home.

2. Disinfection. Carpets, bedding, clothing and such like articles can

be disinfected by steam. This requires a proper plant.

3. Articles of little value that have been exposed to contamination

should be burned.

4. The floor and woodwork of rooms should be well scrubbed with soap

and hot water. Walls, ceilings, chairs, bedsteads and such other pieces of

furniture should be thoroughly wiped with damp cloths, and the cloths

burned.

5. "Windows should be left open for several days. Fresh air and sun-

light are among the most effective of purifiers

Burning sulphur, or the evolution of chlorine fumes, is a useful adjunct,

but they cannot take the place of the measures mentioned above, and to

rely on them is, in our opinion, a grave mistake. Disinfection means a

process by which disease-producing micro-organisms are killed. It does

not mean deodorization, nor does it mean the substitution of one smell for

another smell. It is one thing to kill germs in a test tube ; to do this in a

room with all its cracks and corners and its unavoidable leakage is a very

different business.

The mortality per 1,000 living, at all ages, was 19.72.

Chelsea.

Under the act of 1890, which was accepted by the city council, three

hundred and sixty-eight privies have been abolished this year, and the work

will be continued the coming year, Avhere, in the judgment of the Board, it

is necessary.

Owing to the breaking out of small-pox in Boston it was thought best,

as a precaution, to advertise free vaccination, which began the twentieth of

December.

Concord.

It was thought best by the Board, after careful consideration, to stop all

direct drainage into the river in this town.

Regulations were made by the Board relative to school attendance in

time of prevalence of infectious diseases.

There have been two cases of glanders in this town the past year. In

both of these cases the horses have been killed as soon as a positive diag-

nosis was given by the attending veterinary.

We make the following recommendations, and hope the town will take

action on the same :
—

That a system of sewage disposal of some kind other than the present

be put in at once.

T.iat somo suitable piece of laud be bought by the town to be used by

the inhabitants of this town as a dump. Some place should be procured
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far enough away from the centre of the town, off from the main roads, to

which every one should cart his rubbish, ashes, tin cans, etc. No garb-

age of any kind should be allowed to be dumped there, and the place

should be burned over once or twice a year. The places now used are

unsightly, if not dangerous to public health.

That the board of health of this town consist of three members, one of

whom to be elected annually, to serve three years, to be separate and dis-

tinct from the selectmen.

Cottage City.

During last August our attention was called to the condition of the

waters of Lake Anthony. On investigation we found the opening through

the beach to the sea nearly closed, and the water becoming stagnant had

allowed the sea-grass and moss to grow in large quantity. Although not

unhealthy, it has an unpleasant odor, and renders unsightly what is other-

wise a beautiful sheet of water. We recommend the appropriation of a

sum not exceeding one hundred dollars for the purpose of cleaning the

shore of the lake and maintaining a sufficient opening to the sea.

To conform to the requirements of chapter 195 of the Acts and Resolves

of the year 1892 we appointed an inspector of provisions and of animals

intended for slaughter or kept for the production of milk.

Dedham.

There has been a great increase in the scarlet fever cases over previous

years. Considerable care has been taken by the Board to prevent the

spread of this disease, and the scattered and wide range of the cases ren-

dered it practically impossible for the Board to anticipate results. Many
of the cases were traced by the attending physician to outside sources, and

beyond the control of the Board. It has been found almost impossible, in

some cases, to make the parents understand the value of implicitly follow-

ing the instructions given by the attending physician, and in one case it

became necessary to enforce directions by means of an odicer. The three

deaths were all in one family where the cases were severest.

The reporting of the cases of measles has heretofore not been insisted

upon. The value of such a report is chiefly for the use of the superin-

tendent of schools in relation to attendance of pupils afflicted or exposed

to this disease.

A large proportion of the complaints made to the Board during the

previous year were from the keeping of swine in tlie more thickly-settled

portion of the village. It was found difllcult to allow the keeping of swine

in certain localities without their being a nuisance. In consequence the

Board adopted tlie regulations now in force, prohibiting the keeping of

swine within the more settled portions of the village, with the result that

the complaints and nuisances from this source ceased. Under the present
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idea that swiue must be kept in filth and mire the Board believes that the

prohibition of their keeping in the closely-settled portions of the town is

the only method whereby this nuisance can be disposed of satisfactorily.

The town must, at a very early date, take the question of sewerage

seriously under consideration. Each year the demand grows more impera-

tive. It needs but the inspection of a majority of cess-pools in this town

to convince one of the necessity of a more sanitary and efficient method.

The cost of caring for these unsightly and unsanitary receptacles is as

great, if not greater, than would be the expense to the town of an efficient

sewerage system. Many cess-pools are becoming choked up, and are

merely cisterns to be cleaned out often at great expense and discomfort,

or else allowed to overflow as a continual menace to health. It is earnestly

hoped that the town will take immediate action in relation to the sewerage

question.

In accordance with chapter 477 of the Acts of 1893 the Board has pre-

pared a set of by-laws for the consideration of the town in relation to the

regulation of plumbing and plumbers.

A matter of considerable importance has been brought before the Board

this year in relation to the better drainage of Wigwam meadows and Little

Wigwam swamp. This subject has been before the town for many years,

and has been reported on by previous boards of health and committees.

While such reports have been unanimously in favor of improving this

drainage, little has been done in this direction except to clear a ditch from

Wigwam pond to the river. After a hearing and careful examination of

the locality in company with some of the petitioners the Board decided

that a careful survey and thorough examination of the swamps and facili-

ties for better drainage should be made as a guide for a proper considera-

tion of the subject. In accordance with this, plans and a report with

estimates have been prepared which treat the whole matter in an exhaustive

and thorough manner. This report is annexed to the report of the Board.

East Bridgewater.

Tlie Board has visited several scarlet fever cases this year, and has seen

to it that no persons passed in and out of the houses where such cases

existed, except those who were absolutely obliged to do so. We have,

also, visited several horses, and have condemned one as affected with

glanders and ordered him disposed of. We have also examined and quar-

antined several tuberculous cattle, and shall see that they are also properly

disposed of before their milk and llesh have infected healthy human beings.

The Board has also corrected several extreme nuisances.

Easthampton.

There have been comparatively few complaints of the existence of nui-

sances as compared with former years. People generally evince a readi-
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ness to comply with the requirements of the Board, and seem to more
generally realize that it is for their own benefit to keep their premises in a

neat and cleanly manner.

With the contemplated and partially constructed sewer system and the

introduction of an abundance of pure water into more general use we are

confident that the appearance of contagious diseases will be greatly

lessened.

Everett.

The city has been remarkably free from summer diseases of children.

There was an increase in the number of cases of some of the zymotic

diseases. Cards have been put on the houses wherever there was a case

of diphtheria or scarlet fever, and notice sent to the school committee,

public library and State Board of Health.

Everett is a city of new houses. It will be a matter of a great deal of

public importance to learn how many persons become sick with consump-

tion while living in these new dwellings, or, in case of death from that

disease, to learn if the person was afflicted before coming here. The
Board has taken steps to obtain, as far as possible, and record these

facts.

The Board has fumigated houses after contagious diseases when requested

to do so. As the disinfecting done by householders is, in most cases,

worse than useless, since it is often thought that the burning of one or two

ounces of sulphur has destroyed all germs and no further precautions are

necessary, the Board voted that, beginning with Jan. 1, 1894, all houses

where contagious diseases had occurred should be disinfected by, or under,

the personal direction of the Board or its agent.

Fall River.

It is especially gratifying to note that the exceptional decrease in typhoid

fever cases observed in the returns for the year 1892 has been maintained

during the year 1893. The sanitary education of our citizens is undoubt-

edly making great improvement. The limitation of the spread of contagious

diseases has been helped very much by the fact that early in the year this

Board adopted the system of immediately placarding every house in which

a case of scarlet fever or diplitheria was reported to exist, and ordering

that the cards remain in place until two weeks after the recovery, removal

or death of such patient or patients. We would recommend that, even

though we have no reason to be apprehensive of a cholera visitation, a

house-to-house inspection every spring would result in a benefit to the

public health, fully justifying the necessary outlay. It is our opinion that

provision should at once be made for an annual visitation of this kind.

We know that such a yearly stirring up and cleaning of the city is abso-

lutely necessary. _Experience has taught us that it is only by such system-
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atic inspections, the sources of all nuisances can be successfully located

and the city kept in a thorough sanitary condition.

Number of live cattle examined, 1,325

Number of live cattle examined and reported as unfit for food or food

supply, 6

Number of meat carcasses examined, 26

Number of meat carcasses examined and destroyed, 15

The following is a summary of the work accomplished in the office of the

Inspector of Plumbing during the year just ended :
—

Number of plans filed, .

Number of uew houses, .

Number of reconstructions.

Number of approvals, .

Number of inspections, .

471

268

203

425

1,899

FiTCHBUKG.

During the past year the city has been visited with one of the most ex-

tensive epidemics of measles in its history, there being 592 cases reported

to the Board. The disease was not of a severe form, and the number re-

ported did not express the total number of cases. It began in January

and rapidly increased until May, when 270 cases were reported. It as

rapidly declined during the summer, and in August oidy one case was

reported.

In regard to diphtheria the number of cases was ten, and was below the

average for the past four years, during which time the records have been

carefully kept, the average being 14.5 for the period. The cases showed

a milder form than usual, there being only three deaths, one of which was

called croup. The largest number of cases occurred in the first three

months of tlie year, conforming to the average for four years.

There were twenty-eight cases of scarlet fever reported, as compared

with fifty-one for 1892, and an average of sixty cases for the four-year

period. The cases were unusually light, no deaths from the disease being

recorded. The largest number of cases reported was in June. This does

not conform to the average for four years, during which time the largest

number of casts have been reported during the first months of the year,

February showing the largest number of any single month.

During the year just past there have been twenty-three cases of typhoid

fever reported, the largest number for four years, and six more than in

1H<J2, wiien seventeen eases were reported. There were four deaths re-

ported as compared with none for 1892. The largest number of cases

occurred in September. A comparison of the records for the four years
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past shows but few cases occurring during the first six montlis of the year,

July, September, October and November showing the largest number.

The house-offal teams have been continued in the work of collecting

swill as in the previous four years, doing good work in promoting cleanli-

ness of the city. During the past year 363 cords of house offal have been

collected and carried to the place of deposit.

The rules relating to plumbing have been carefully revised to keep pace

with the science of plumbing and house drainage. The result of the work
of the Board for the past year shows a vast improvement in the quality of

plumbing work, and still better results are hoped for the coming year.

Complaints received, 272

Privy vaults discontinued, 114

Phimbing jobs inspected, 362

New water-closets inspected, 613

Houses fumigated or instruction given, 181

Framingham.

Fifty-five complaints of existing nuisances have been made to the Board

during the past year, all of which have been attended to and abated as far

as was thought best. The owners of fifty-three tenements have been

ordered to connect them with the public sewer.

G-AKDNER.

Realizing the great importance of milk as an article of food, early dur-

ing the past season we requested the co-operation of some of our neighbor-

ing towns in a closer inspection of the milk that was being delivered in this

town ; failing in this, we would recommend that no person be granted a

license to sell milk in Gardner unless such person furnish an acceptable

certificate of cattle inspection.

The work of the cattle inspectors during the year has added much
toward the improvement of the milk. They examined thirty-three herds,

three herds more than last year. Some cows were examined five times.

The inspectors condemned and caused to be killed eight cows, and con-

demned four cai'casses. At the present time all the cows in town are

considered in very good condition.

We would earnestly recommend to every family who depend on wells for

their supply, or for the supply of their cattle, to use the greatest possible

care of their wells, and avoid all possible contamination from cesspools,

water-closets and barns, or other filthy matter. By doing so they will in a

great measure protect themselves fi-oiii typhoid fever.

We have to report quite an extensive ei)idcmic of typhoid fever, but

rather mild in its character, and fortunately resulting in only one death.

We believe that had the Board known earlier the existing circumstances

this epidemic might have been somewhat lessened. As soon as the Board
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investigated and found the source of infection the epidemic was confined

to a very small radius, aud soon brought uuder control. It resulted from

impure milk occasioned by impure water.

Gloucester.

One hundred aud ninety-three nuisances received attention. All bona

fide nuisances have been abated where possible, but in a city without

sewerage it is occasionally advisable to be very lenient, especially where

some neighboring quarrel seems to have been the animus of the complaint,

which sometimes appears to be the case.

If sewerage is not soon adopted the city must resort to some method less

objectionable than the present method of disposing of night-soil and sink-

waste.

GUEAT BaRUINGTON.

During the year the selectmen, acting as a board of health, have been

notified of twent^'-sevcn cases of scarlet-fever, of which but one proved

fatal ; and four cases of diphtheria, of which number two cases proved

fatal. The board adopted the usual sanitary measures of precaution in

such cases. We believe that the cause of many of these cases exists ia the

carelessness on the part of individual families in the disposal of garbage and

neglect to keep the dwellings properly cleaned. Dirt and refuse matter are

two great enemies to public health, and we cannot urge too strongly the

importance of an observation of the utmost care in these measures.

Greenfield.

The Board feels that the most important matter they have to recommend

to the careful consideration of the town is the subject of sewers. This is a

very broad subject and dillicult and impossible for us to treat in the thor-

ough manner that it demands. Our present system, if system it can be

called, is totally inadequate for the needs of our growing town ; many sec-

tions are entirely unprovided for, and many other sections where there

already is a public sewer, suffer great expense and inconvenience at the

time of a heavy rainfall, owing to the inability of the tile to carry oft" the

large amount of surface water that is thrown into it, and in consequence

cellars are Hooded. This ditticulty is experienced more or less throughout

the whole town aud sooner or later the surface water will have to be taken

care of in some other way.

IlAVIltlllLr,.

The a[)poiutmcnt of an inspector of plunihing has been a great relief to

the agent, and great public good will be the outcome, for, as we have

already stated in previous reports, it is found impossible for the agent, in

addition to his other duties, to give this branch of the sanitary service, so

extremely important, the attention and careful supervision that it should

have. Plumbers are now required to test their work by water pressure in
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the presence of the inspector, which gives a much more thorough and satis-

factory inspection. The record shows that three hundred jobs of pkimbing

(new and remodelled) have been inspected last year.

Nuisances Investigated During the Year.

Garbage collected, loads, 1,320

House sewerage defective, 42

Plumbing defective, 30

Privy-vaults full aud offensive, 138

Privy-vaults cleaned, 300

Privy-vaults removed, 142

"\Miole number of privy-vaults removed since 1888, . . . 1,002

The general health of the city during the year has been excellent. No
fatal epidemic has visited the city.

The faithfulness and care with which contagious diseases are reported by

physicians speak well for the interest in their profession and in the public

welfare. Notwithstanding the wide publicity that has been given to the law

that requires householders as well as physicians to report dangerous con-

tagious diseases to the Board of Health, some cases occur where the disease

is so mild that the children are hardly considered ill enough to be put to

bed, and consequently no physician is called and no report comes to the

Board. Thus no efforts are made to prevent its spread, and great damage

is liable to be done in consequence by spreading the disease in the neigh-

borhood in a malignant form.

HiNGHAM.

Early in August, complaints having reached the Board regarding a tallow

factory at Fort Hill, representatives of the Board visited the establishment,

which they found in a filthy condition.

The business seemed necessarily to give rise to offensive odors, and

although the health of the community should always be paramount to the

pecuniary interest of any individual or firm, at the earnest request of the

proprietor a further time was granted on the plea that the business had but

recently been established and the firm had been unable to put their manu-

factory into proper shape. The claim was also made by the proprietors

that they, by undergoing a larger expense, could use apparatus by which

all offensive odors would be destroyed. They pi'omised to introduce such

machinery at once, and an opportunity was given thera to make such

changes.

The establishment was several times visited by members of the Board, to

watch the results of any changes made by the proprietors. On September

22, no better results having been obtained, the business was declared a

nuisance by this Board, and they were ordered to close their works at once,

which order was promptly obeyed.
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HOLYOKE.

The past year throughout the city has been fairly healthy. None of the

contagious diseases have prevailed at any time to an alarming extent.

Although there were numerous cases of diphtheria and scarlet fever during

the first four months of the municipal year just ended the number of cases

during the rest of the year and at present is much below the average.

Small-pox again appeared in our midst during the month of September.

Although limited to a single block, it attacked three persons, all of whom
recovered after a more or less protracted stay at the pest-house. Here

again the city physician desires to call your attention to, a,ud to emphasize

a recommendation of the Board of Health, viz., that there be a general

vaccination. The Board of Health calls your attention to a deficiency in

the heating apparatus at the pest-house. That such a deficiency exists

was only too apparent during the stay of the recent cases, and, added to

this, was a failure in the water supply. The water at the pest-house, ob-

tained from a well sunk beneath the kitchen, has always been of a very

poor quality, but this year it became so impure it had to be discarded even

for washing purposes.

We have been remarkably free from typhoid fever during the entire

year.

The Board this year as heretofore recommends that all the alleys be

graded, and that those between our principal business streets, through

which heavy truck-teams pass, be paved with stone, brick or an}^ other

material which seems proper.

Hudson.

The greatly increased number of calls to look after nuisances caused by

the disposal of waste water, has convinced the Board that the time has

come when the town ought to take initial action with regard to a system of

sewerage. When all the water used by consumers is pumped or drawn

from wells, the quantity used may be easily disposed of in cesspools, and

taken care of by the surrounding earth without danger of infection, if the

cesspools are emptied and cleaned periodically. Or, if the waste water is

discharged into natural waterways, it may cause no nuisance in a sparsely

settled locality^, or if there are only a few discharge pipes. But, when an

abundant supply is furnished by tlio town water-works, and its use is almost

universal, the quantity used is so nnich increased, that it is only a question

of time when the earth about cesspools will become saturated with water,

and entirely filled with decomposing filth. And this condition will be

found, not only on one man's promises, but in entire neighborhoods, grow-

ing worse constantly as they become more thickly settled.

The Board would recommend the voters to take action by appointing a

committee to consider the question of a sewerage system, with authority to
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consult the State Board of Health and obtain their advice and instructions,

and with authority to employ a competent civil engineer to make surveys,

plans and estimates for a complete system of sewerage, and take any action

necessary to make a full report to the town on tlie subject at some subse-

quent meeting.

Ipswich.

In regard to the sanitary condition of the town, the people, generally,

have complied with the requirements of the Board, and in no case where

we have ordered a nuisance abated have we had any trouble or had to re-

sort to legal measures.

In regard to contagious diseases amongst the cattle in the town we will

state the following : the selectmen appointed a cattle inspector, and the

Board of Health also appointed him as their agent giving him full power

to act for them, and he has faithfully attended to his duties. The whole

number of cattle inspected by him was eleven hundred and four, and he

ordered nineteen of this number quarantined as, in his opinion, they were

diseased, and notified this Board of his doings. The State Cattle Commis-

sioners were at once notified in regard to same, who came and examined

them and ordered the killing of eight which were sick with tuberculosis,

and their carcasses were properly buried.

Lawrekce.

Six hundred and seventy-four vaults have been abolished since Jan. 1,

1889. There have been 2,184 water-closets placed in buildings where

vaults have been abolished.

During the year 19,714 loads of garbage have been removed, an increase

of 4,376 over 1892. Realizing the necessity of a different method of dis-

posing of tlie waste matter, the Board has recommended that some provi-

sion be made to dispose of this material in a satisfactory manner.

There has been an alarming prevalence of scarlet fever during the year,

and the percentage of fatalities greater than formerly.

More cases of measles have been reported than ever before, forty-six

cases coming in during one week. The fatalities have been small, only

three out of sixty cases resulting fatally. Diphtheria has not been very

prevalent. During the December vacation, 3,200 school children were

vaccinated by the ward physicians. We were pleased at the ready response

from the agents of the corporations as we found that vaccination was being

carried on in a very systematic manner.

We have liad five cases of glanders in horses and seven cases of tuber-

culosis in cattle, which were pronounced such by the Cattle Commissioners.

Lexington.

The Board has made several official tours of inspection ; among them

was the inspection of the several hotels and private boarding-houses, and
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we arc pleased to state that, with few exceptions, tlie sanitary conditions

were good. The inspection of some of the numerons newly built houses

was not so assuring ; indeed, the systems of house drainage in many of

them were alarming. One case, for instance, may be cited : a double tene-

ment ; no water supply except from well dangerously near dniiu ; untrapped

sinks discharging into an open tank in cellar, contents of which were nsed

to flush closet ; witliout vent ; useless trap ; cesspool twentj'-eight feet

from house. It would almost seem that the ingenuity here displayed tended

only toward one result, — the death of the occupants.

Some years ago the question of a sewerage system for the town was

agitated to the extent of the appointment of a committee, the investigation

of different schemes was initiated, and even the engineer's survey obtained.

This subject, so vital to the interests of the town, seems to have passed into

oblivion ; nothing is heard of it except now and then a few desultory re-

marks on the matter. It is hoped that this subject is not entirely forgotten,

for if forgotten and neglected there will be a rude awakening, perhaps

within a few years.

Lowell.

During the year 1893, twenty-five thousand five hundred and thirty-seven

(25,.')37) loads of ashes were removed from houses and stores to the vari-

ous dumping-grounds.

Late in the year 1892, the Engle cremator was completed so that for the

year covered by this report it has been in use, destroying about one-half

of the garbage of the city. Owing to the usual friction that all new un-

dertakings have to overcome, it was not until April that a complete system

of account was commenced. Since April every pound of swill consumed

and every pound of coal used has been weighed daily so that, estimating

the amount burned the first three months of the year and adding to it the

amount weighed for the last nine months, we have, say 3,500 tons of swill

consumed for the year 1893, beside the miscellaneous articles enumerated

in the table printed herewith:—

Three thousand five liundred tons swill and market refuse burned.

Four horses.

Seventy cats.

Sixt3--three dogs.

Two hundred and fifteen mattresses.

Four hens.

Seven rabbits.

One raccoon.

Three loads and one barrel infected clothing (small-pox).

Seven loads infected clothing (diphtheria).

Seventy-seven thousand one hundred and sixteen pounds paper burned on ground

in rear of cremator.



768 STATE BOAED OF HEALTH. [Pub. Doc.

The opinion of the Board, after the experience of the year with the

Engle cremator is briefly this : Under no circumstances would it be willing

to return to the old method of swill-house distribution to farmers, and it is

also convinced that cremation of the garbage is more satisfactory to the

inhabitants of a city than the rendering process. The cost of burning

garbage at Engle cremator, from Jan. 1, 1893 to Dec. 31, 1893, was

$7,670.77.

The Board caused a thorough inspection of the water-shed of River

Meadow brook to be made, and the results are such as to demand prompt

remedial and preventive action.

The work of inspecting the tenement houses of Lowell in a thorough

and systematic way has been commenced this year, and so far the results

have been very satisfactory ; but the great value of the inspection will come

in later years, as from the records made and kept by the library system, an

inspector can turn to them at any time and find the condition of any house

in the city so far as relates to plumbing, drainage and ventilation, and will

then only have to keep watch that the premises are kept clean and in repair.

From June 27 to September 16, there were 14,918 baths taken by men
and boys, a decrease from 1892 of 8,347, but it is explained by the fact

that more than that number used the house to put their clothes in, and then

came outside and swam in the river.

Lynn.

The Board of Health appointed an inspector of plumbing under the pro-

visions of chapter 477, Acts of 1893.

Under the provisions of a special act of May 4, 1893, chapter 313

(1893), the Board of Health of Lynn was authorized to appoint an "in-

spector of provisions, and of animals intended for slaughter or kept for the

production of milk, who should also be an inspector of milk, butter, cheese

and vinegar."

P!)ach of the officials appointed under these acts contributes a full report

of his transactions.

The Board recommends the following amendments to the milk laws :
—

1. That the cost of analysis be charged as court costs.

2. That boards of health be vested with power to revoke licenses.

The failure of the city government to carry out our recommendations or

to adopt a system for the disposal of garbage and night-soil placed the

Board in the predicament, on April 20, of having no place to dump that

material, or otherwise dispose of the same by cremation or extraction.

To I'elieve the situation the city purchased the land about the outfall sewer,

and we entered into contract with an excavating company and had a tem-

porary basin dredged for tl»e scow on land alongside tlie outfall sewer at

West Lynn. A dock was also constructed with a small, frame building

thereon. The disposition of offal by loading it into the scow, towing it
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twelve miles out to sea and there clumping it in deep water, was inaugu-

rated, and has proven a success.

Twelve trips have been made and 1,486 tons of oflfal so disposed of, with-

out accident or a single complaint, at a cost of ninety-four cents per too

for labor, towage and expense of repairs. We shall pursue this method

until the city council adopts some otlier and better one. We recommend

the immediate purchase of another scow. The dump at West L^'nn was

abandoned on the expiration of the lease, April 20, and no garbage was

placed thereon after that date.

The Board requested that immediate steps be taken by the city council

to provide suitable accommodations for persons affected with contagious,

diseases.

Marblehead.

The health cart is one of the most important institutions in our town^

and we hope has come to stay both summer and winter. Two thousand

loads of refuse matter have been collected the past year. To tind per-

sons who will look after this refuse and see that it is properly covered has

caused the Board considerable trouble. We suggest that the town set aside

a place to be used as a dump in case there were no individuals who cared

to take it.

We suggest that our town should employ a health oflicer to investigate

nuisances, post notices, inspect meat, milk and water, attend to the fumi-

gating of all places where infection exists, and who would be in many ways
of great service and value.

Marlborough.

In parts of our city where the healtli of our citizens was in danger, and

along the banks of brooks, during the past two years, this Board through

its agent has enforced connections with the public sewer under the powers

granted in the Public Statutes, chapter 132 of the Acts of 1800. The
agent of the Board reports that two hundred and sixty-seven buildings

have been plumbed ; one hundred and fifty-one cases where alterations or
additions have been made in the plumbing ; making a total of four hundred

and eighteen inspected and approved by him. It is evident from the num-
ber of inspections made that the people are mindful of the economic and
sanitary advantages of the public sewer. The enforcement of our regula-

tions governing plumbing worked to the advantage of all.

Many nuisances that have been a l)ugbear to every Board of Health for

years past have disappeared entirely since the house drainage in these lo-

calities has been conducted to the sewer. Cards calling attention to the

regulation restraining persons from making tlie vacant land of the city a
nuisance, were posted wherever tlicre seemed to be a cause of com[)laint.

In August a case of rabies appeared in town. A dog with a disease of

doubtful diagnosis was killed by the police. The mayor with a representa-
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tive of the Board of Health agreed to request Dr. Ernst of the Harvard

Medical School to decide by inoculation experiment whether the disease of

the supposed mad dog was actually hydrophobia. The result of the exper-

iments proved that the dog was afflicted with the genuine disease, and

proved the wisdom of muzzling all the city dogs. No more cases appeared

though several dogs were said to have been bitten by the diseased dog.

Matnard.

The Board has encountered a greater obstacle in trying to educate a cer-

tain class of people to understand that it is necessary to flag a house where

there is scarlet fever and cause the flag to remain displayed for a pi'oper

and legal length of time. They also have seemed to tbiuk they were doing

the Board a great favor by allowing the flag to be attached to the house at

all, and as soon as the case is able to sit up, " although then probably in

the most contagious stage," display more or less disposition to resent the

idea that it is then highly necessary that the quarantine should remain

longer. This condition can only be overcome by education.

Medford.

Sixty-one nuisances have been reported to this Board during the year.

All have been carefully investigated and abated.

In each case of diphtheria, measles, scarlet fever and typhoid fever, the

clerk has notified the school committee and librarian of the public library.

The work on our local sewage system should be pushed to completion as

rapidly as possible, so that we may be rid of that increasing and menac-

ing danger, the saturation of the ground with sewage. Since the collection

of ashes, swill and garbage has been under the direct care of the city, and

the contract system abolished, the work has been done in a thorough,

cleanly and efficient manner, and the results are highly satisfactory to this

Board. With the same arguments we have used in the past, in favor of

the collection by the city of ashes and swill, we would now earnestly rec-

ommend that night-soil be collected in the same manner.

Melkose.

More than one hundred and fifty nuisances and complaints have received

attention from the Board. The sources of nuisance or complaint have

most frequently been neglected cesspools and offensive privies, but also

imperfect traps, or total absence of them, and defective sink drains.

The former method of return to school by children recently recovered

from contagious diseases, has been by permits given by the Board, based

upon the attending physician's certificate of recovery. But that method

having often proved troublesome to parents, a more direct plan is now em-

-ployed, of permits, based as above, but issued by the chief of police, as
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agent of the Board of Health ; so that the same officer, who by order of the

Board, removes the card, also issues the permit to return to school.

Last spring, in consequence of the threatened invasion of cholera, we
instituted a thorough inspection, by a special police ollicer, of the entire

central part of the village. He inspected carefully every yard, and when-
ever any clearing up was found necessary, he left in the liands of the resi-

dent a plainly printed notice, specifying the work to be done, and the time

within wliich it must be done, — usually five days. This course of inspec-

tion was faithfully performed, and we believe much good was done by it,

often cutting short a nuisance which would soon have become serious.

This work of spring inspection has been done now for two years, and the

influence has been so salutary, that it may become necessary to establish it

as a permanent line of sanitary action.

The passage by the last Legislature of Act 477, " relative to the licensing

of plumbers, and the supervision of plumbing," has received the required

attention from us. In compliance with section 3 of said act, requiring the

Board of Health to appoint the third member of the board of examiners of

plumbers, we appointed to that position a gentleman well versed in both the

science and practice of house sanitation and plumbing. In accordance

with the requirement of section 5, that the Board appoint an inspector of

plumbing, we appointed the same gentleman to this office, which is in fact

a dependency of the former position.

MiLFOUD.

We report but one fatal case of diphtheria, and the circumstances con-

nected with it demand recognition in this report. The physician in attend-

ance could not have recognized the character of the case in its incipient

stages, or there was great remissness in reporting it to the Board of Health.

He was prosecuted for neglect of professional duty, under the statute. The
case was " placed on file." We believe the prosecution was demanded, and

will result in much better protection of the town against contagious diseases.

A thorough and free vaccination of the unprotected has been carried out.

The Board has vaccinated about eight hundred, and protection according to

the statute has been more tliorough than ever before.

It may be well again to make mention of the great importance of a sys-

tem of general sewerage of the town of Milford. Increased population,

health and wealth will be the result. Without it, any great progress is im-

possible.

jMlLLltrUY.

The cases of diphtheria were very widely separated and, with one excep-

tion, away from tiie densely settled part of the town. Tiie causes were

generally not well defined, tliough in some cases bad house drainage seemed

probably responsible. Communication from a previous case was plain in

two instances, one case soon following another in the same family.
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The cases of scarlet fever were also widely separated as to families

affected, and there has not been a general epidemic, all the cases having

occurred in but six different houses.

The occurrence of five cases of typhoid fever on one street and within a

short radius would seem to imply some local contamination, but no obtain-

able evidence could satisfactorily explain the origin of the disease. Chem-

ical examination of well waters furnished little light, but since the disease

is generally believed to be of bacterial origin, it might well happen that a

chemical analysis would give entirely negative results. The milk supply

theor}' did not apply, since there was not a common supply in the different

affected families, nor was any disease known on the premises from which

the several supplies came. Without attempting to show any connection be-

tween the facts, it may be stated that fourteen of the cases were compara-

tively near the river, eight of them being very near. A very extensive

epidemic of measles occurred in the autumn.

It is well for people everywhere to know that it is now believed by the

highest medical authorities that consumption is to a very considerable de-

gree communicable from person to person, and that the germs abound in

matter expectorated in coughing ; that constant care should be taken to

disinfect and destroy such discharges, and especially that the common habit

of promiscuous spitting should be avoided. Matters so scattered, by dry-

ing, become converted into dust, and, in this form, are widel}' scattered to

be inhaled by others, and since the germs are extremely tenacious of life,

the seeds of the dire disease are widely sown.

It cannot be doubted that such precautions as are above described would,

if generally adopted everywhere, have a marked effect in diminishing the

frequency of consumption.

During the year two cases of glanders in horses have been reported to

the Board by the inspector of cattle. Both animals were subsequently

condemned by the State Cattle Commissioners and killed by their order.

Nantucket.

The Board made investigation of many nuisances reported, and believes

that the town has been kept in an improved sanitary condition in conse-

quence of a general interest manifested by all good citizens, to live up to the

best ideal of proper sanitary safeguards. As a result of such care and at-

tention, no contagious disease of any kind has been reported to the Board

during the year as originating at Nantucket.

Nekdiiam.

The health of our town and its freedom from any serious epidemic of in-

fectious and contagious disease (except that of typhoid fever) during the

past year is a matter of sincere congratulation.

What will soon be required as the town progresses, to put us in a
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thorough sanitary condition, will be a general system of sewerage, which

the introduction of a public water supply generally demands.

Your health officer has made one hundred visits of inspection and exam-

ination, visiting sixty places where complaints have been made. Fewer

petty complaints have been made than in previous years.

Fewer swine have been kept in the thickly settled portions of the town

than in former years. Some piggeries have been entirely abandoned. In a

few cases, as a last resort, the Board appealed to the court to enforce its

orders.

New Bedford.

The Board acting under authority of Public Statute, chapter 80, section

24, vacated houses on Turner's court known as Holy Acre. This act the

Board regards as one of the most important taken during the year. The

statute places the entire responsibility on the Board. The houses in ques-

tion were so low that it was impossible to drain them, and it seems unfor-

tunate that there are no means of preventing building or moving houses

already built to such locations. In every growing city, building is contin-

ually outgrowing the drainage sj'stem. But for such buildings drainage

can be supplied before they are occupied. The policy of the Board has

been and will be to vacate all such tenements at the first sign they give of

danger to the public health. The Board would recommend that action be

taken on the proposed building rule establishing the height of cellar floors

above high water. The nuisance caused by privies is being rapidly abated,

when such a nuisance occurs on the line of a sewer.

All garbage is ploughed in daily, and when about one acre is covered a

quickly growing crop is planted, and in a surprisingly short time, on dig-

ging down, no garbage can be found. Thus the essential condition for

rapid decomposition in the earth is attained, namely, superficial burial.

The objection to superficial burial is that the burial products may more

readily become exposed and so cause nuisance, or, by drying, blow about,

and under proper conditions cause disease. This objection is met by the

facts that the material buried is not of such a character as frequently con-

tains disease germs, and the moist and heavy condition of the soil is such

that it is seldom dry except upon the surface. The farm is remote from

any source of water supply. So far the method is satisfactory in all

respects. The material is thus utilized as a fertilizer, which is its only

value, as the cost of extracting the fat, the only constituent of value,

would more than counterbalance the estimated return.

The Board voted to inspect the sanitary condition in respect to drainage

of the various school houses in the city. All, with the exception of one,

were found in good condition. The school committee were notified of the

condition of this school.

Number of inspections made during the year, .... 2,364

Number of ijlumbing inspections made, 1,650
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The Board investigated an epidemic of typhoid fever which occurred in

the last half of the year, embracing 201 cases in all. No satisfactory con-

clusions were reached which would account for the epidemic as a whole,

though suspicion pointed strongly to the existence of infection upon a

small island in the harbor which many of the persons attacked had visited

during the period of epidemic.

The Board amended its quarantine regulations and publishes them in

full in its report.

Newburtport.

There has been a great falling off of cases of diphtheria and scarlet

fever from the previous year, but a large increase of cases of typhoid fever.

Rules and regulations relating to plumbing were adopted by the Board.

Newton.

The general health of the city has been good, and barring slight out-

breaks of diphtheria in the early spring and fall, and an epidemic of

measles in the early summer, would have been deemed excellent.

The contagious wards at the hospital have been found very useful during

the year ; the early removal of patients to them having greatly aided the

Board in preventing the spread of disease. The wards have been in almost

continuous use during the year, sixty-two cases having been admitted.

The cases were divided as follows,— scarlet fever, fifteen; diphtheria,

twenty-eight; measles, nineteen.

The Board authorized free vaccination to all comers in the several

villages.

North Andover.

As a matter relating to public health, we think the attention of con-

sumers of milk should be called to the fact that most of the herds supplying

milk in this town are not allowed any exercise at all, but are tied up by the

neck from November till May in badly ventilated barns, and never turned

out of doors.

We recommend the purchase of one of the odorless pumps, and that its

use be made compulsory in the village whenever vaults or cesspools are

cleaned during the day.

We find occasionally a person who is willing to allow his vault to over-

flow his neighbor's land. Such need the stimulating effect of the sharp

end of the law.

North Attleborough.

The failure of people to submit to the guidance of any fixed rules for

observance in trying to prevent the spread of any infectious disease is

often due to thoughtlessness ratlier than to a desire to thwart the beneficial

effects of such rules. It often requires the experience of an epidemic to
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teach the public that there are certain rules and regulations which must be

strictly observed.

There has been a marked decrease in the number of cases of diseases of

a contagious character reported during the past year.

Orange.

"With the opening of the season the Board recognized the need of removal

of "waste, filth and house dirt," and engaged a scavenger who gave two

days each week to the collection of rubbish and garbage on the principal

streets of the village during the heated season, with the result that never

before in the history of Orange was the town in as sanitary a condition.

The Board has investigated one hundred sources of filth and offence.

The members, individually, have investigated many others.

The Board of Health would urgently request parents to investigate the

subject of "vaccination" thoroughly, that they may intelligently act re-

garding it.

The bodies of five dead animals have been buried by the Board. Animals

infected with tuberculosis have been condemned. Herds have been in-

spected by the Board's agent. Horses with infectious diseases have been

cared for, and dogs killed.

PiTTSFIELD.

The sewage system, now almost completed, has furnished a long-needed

want, and the amount of good obtained by the same is immeasurable.

During the year 1893 the new ordinance for plumbing necessitated the

licensing of plumbers and drain-layers.
^

Number of licenses granted to plumbers, 8

" of licenses granted to drain-layers, 13

" of plans of plumbing submitted for approval, . . 253

approved, 218

" rejected, . 35

During the past year the Board of Health has been called on to investi-

gate four outbreaks of tuberculosis at different farms. At one farm the

Board considered about tliirty per cent, of the cows affected. So far,

twenty-one of them have been slaughtered, and of these nineteen have

been found diseased, while two were found not diseased. At another farm

over fifty per cent, were considered unsound. Up to date thirteen have

been slaughtered, and every one has been found diseased. At another

farm two cows have been slaughtered, both of which were affected. The
Board considers that the chief cause of its spreading among dairy cows is

overcrowding, deficient cubic air space and defective ventilation. The
Board also considers a more thorough State system for regulating and

managing the disease should be inaugurated.
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Plymouth.

Sixty-three places have been examined and nuisances abated without

having received any formal complaint.

Nearly all of the cases of scarlet fever, typhoid fever and diphtheria

have been traced by the Board to imperfect drainage and ventilation.

After learning the facts in the cases the Board issued orders to those

families from which cases were reported, and had them enforced ; and the

Board felt that after the last case was reported well, and the places had

been disinfected, that there would be no danger from these sources. Dur-

ing this time circulars were distributed by the Board throughout the town

giving instructions what to do in case of diphtheria.

In accordance with the Acts of 1893, chapter 477, the Board has ap-

pointed inspectors of plumbing, and, at the request of the selectmen, pre-

pared a list of by-laws, and presented them to the town for adoption.

QuiNcr.

Your Board strongly recommends that plumbing regulations or ordinances

be enacted by the council as a matter of safety to the public health. The

inspector is powerless without them in many cases. The brooks have been

thoroughly cleaned under the direction of the inspector, and the Board has

every reason to believe that the work has been economically, thoroughly

and conscientiously done. The physicians are negligent in their duty of

reporting contagious diseases, and until they are brought up to the law the

same state of affairs will exist.

Number of nuisances discovered, 306 ; number abated, 298.

Reading.

There have been twenty-one nuisances investigated, and all cases except

two have been abated by owner or occupant. One of these was abated by

the Board, and the owner paid the bill. The other one will be attended to

before the premises are occupied.

Revere.

The town has been favored with a freedom from contagion to an extent

to be a matter of satisfaction to the citizens within the last twelve months.

Scarlet fever showed itself the latter part of the year. The prompt and

stringent requirements of the Board have done much to prevent it being

spread over the town.

Rockland.

We have liad one case of glanders reported during the year, and the

Cattle Commissioners ordered the horse killed, which was done.

One of the vital questions for the people of this town is that of sewage.

While in our present financial condition, any general system for the town
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to adopt would be too expensive, yet there is a very simple and effective

way of disposing of sewage that could be adopted by individual families.

The plan is to have the sewage pass through an underground drain with

branches in all directions, the drains to be constructed of broken drain-

pipe, stones or anything that will allow the sewage to pass into the ground

at short intervals.

Salem.

In the mouth of February a sharp outbreak of diphtheria occurred near

the cotton mills. The tj'pe of the disease was \Qry serious and vigorous

measures were employed to combat it. Houses were guarded night and day

by police officers, thus stopping one of the chief sources for spreading the

disease. Everything possible was done for the sick and for the afflicted

families.

Though some cases of scarlet fever were severe, only one proved fatal.

The type has generally been mild. We note with satisfaction the marked

decrease each year for the past three years in the number of cases of this

dangerous malady.

The type of typhoid fever was severe and active search for the cause was

made by this Board, milk being particularly looked after. Visits to each

house were made, also to shops where milk was sold, and the milkmen,

their farms, the cattle, the sources of water supply of the cattle. The
fault could not be traced to the milk.

The work of collecting the ashes and rubbish the past two months has

been done in a very satisfactory manner. Eight thousand one hundred and

seventy-two loads have been collected. This is an increase of over 1,400

loads more than in 1892. These ashes have been used to fill up unsightly

and often unhealthy places in our city.

Saugus.

The Board made personal investigation of a number of reported nui-

sances, and on their tour found much work to be done in regard to neg-

lected privies and vaults. These cases were reported to the owners, and in

the majority of cases were looked after in a satisfactory manner. Our in-

spector also found many places where sinks were not secured by traps,

which allows of all gases arising from contents of cesspools to flow back

into the rooms occupied by the residents. This should not be allowed, and

the Board has obliged owners to correct these troubles so far as its knowl-

edge of them is concerned.

Perfect cleanliness of dwellings and surroundings is what will insure

good health and is of the utmost importance, as by its strict observance the

air is not polluted and germs of disease find no lurking places.

The Board publishes a very full and complete set of regulations includ-

ing practical instructions relative to disinfection.
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Springfield.

There is no unusual epidemic of infectious diseases to be noted in the

year 1893. Scarlet fever was more abundant and diphtheria and typhoid

fever less abundant than in 1892. The number of deaths from the principal

infectious diseases were seventy-six, against one hundred and twenty-one

in 1892.

Two cases of small-pox were reported in February and March, one of

which proved fatal. The second case was evidently caused by infection

from the first, but the source of the original contagion could not be ascer-

tained. There was no further spread of the disease.

This department has been strengthened by the adoption of an ordinance

regulating plumbing and by the appointment of an inspector of plumbing.

New work must now be done in a proper manner and old work will be

gradually improved as is found necessary from time to time until oar build-

ings shall all be properly drained.

Glanders have existed to some extent among horses, eight cases being

reported to the State Commissioners and by them condemned, ordered

killed, and the premises cared for and made free from contagious infection.

SWAMPSCOTT.

During the past year we have received and investigated all complaints

brought to our notice.

The beaches were cleaned up thoroughly the first of the season ; after-

wards some person or persons saw fit to dump rubbish thereon, which put us

to some extra expense to clean it up again, when they might have carried

it to the dump.

Taunton.

The Board severely criticises the sanitary condition of the Central Police

Station of the city.

Some time Taunton must have a comprehensive system of sewerage which

will do away with Mill River and Cobb Brook and numerous other

smaller nuisances. How much of the money spent on small sewers will be

a dead loss when the general system is adopted?

The city has been remarkably free from diphtheria and typhoid fever.

The scarlet fever epidemic continued through the first half of the year, but

since then has gradually abated until the year closes without a single case

on the books. An extensive epidemic of measles was experienced in the

spring and early summer. The exact number of cases cannot be given.

We would recommend that the old ambulance be put into repair and put

under control of this Board, to be used in conveying persons sick with con-

tagious diseases.
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Wakefield.

We have had no epidemic. The general complaints of nuisances have

been few and soon abated, and the more important ones have caused us

little trouble. Our formal meetings have been few, but all that were neces-

sary, as the members of the Board met almost daily and the business was

often informally discussed and disposed of. We have done nothing toward

abating our permanent nuisauces this year, as we have concurred with the

opinion of past Boards that the expense of the attempted improvement

would far outweigh the very doubtful benefit. There is but one way to rid

the town of these unsavory and unsightly spots, and that is by a proper

sewerage system.

During the session of 1893 the Massachusetts Legislature passed a law

governing the business of plumbing in cities and towns in the State. In

accordance with this law we appointed a local board of examiners of

plumbers.

Waltham.

A request by the Boston Manufacturing Company to remove some cases

from corporation tenements compelled the Board to make provision for the

treatment and care of scarlet fever patients, and, at first, quarters were

engaged in the Newton Cottage Hospital ; but the number of cases increased

so rapidly that the Board deemed it more convenient and economical to pro-

cure a house somewhere in the city for temporary use as a contagious

hospital. The result was that the house No. 255 South Street was taken

for that purpose, and a house-keeper and a nurse were procured to take

charge of cases carried there. This house was maintained as a hospital

fx'om March 14 to May 15 and proved ample to accommodate all cases of

children sick with scarlet fever whom it was desirable to remove. On one

occasion, a mother and child were furnished with board and room while

the child was under treatment for the disease. We believe that the prompt

removal of cases of scarlet fever to a contagious hospital, well equipped,

and managed by the Board of Health, will greatly diminish the danger of

the spread of this disease. So positive does the Board feel of this propo-

sition that it thinks it may safely say that a contagious hospital would

have prevented all but say twenty cases of the three hundred and eighty

reported during the last two years.

Before the schools closed in June the disease was fully eradicated.

Since that time cases have only occasionally appeared. During the

year, one hundred and thirty-two cases altogether have been reported, as

against two hundred and fifty-four cases in 1892.

Diphtheria, of all diseases, is the most treacherous, deceiving even the

experienced physician. One day apparentl}' mild, the next it has its

victim so firmly clutched by the thro.at that the most skilful treatment is of

no avail. When once the deadly character of this disease is appreciated,
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the public will insist upon the use of as radical measures to prevent its

increase as are now eruployecl to prevent the spread of small-pox, and we
believe that such measures would go far to stamp it out. In Massachu-

setts, during the year 1892, there were two deaths from small-pox, while

there were nine hundred and twenty-eight from diphtheria. In the whole

United States, omitting North Dakota, it is reported that, in the same

year, there were only one hundred and six deaths from small-pox. This

shows that there were in 1892 only one-ninth as many deaths from small-

pox in the United States as there were from diphtheria in the State of

Massachusetts alone.

Several cases are detailed in the report, illustrating the value of isolation

and removal to a hospital provided for contagious diseases. It is almost

needless to say that no effectual isolation can be made in all instances

without a contagious hospital to which patients may be promptly removed,

and it is as a means by which to effect absolute isolation of these danger-

ous cases that the hospital now nearly finished will demonstrate its greatest

value to the city.

We wish at this point to call attention to a matter which to many may
appear trivial, but should not be overlooked by those seeking out the

methods by which disease is propagated. Upon a visit of our Board to the

public schools we found a custom prevailing in many of them of collecting

the children's pencils at night and dealing them out promiscuously the next

morning. We believe that this custom is a bad one ; and we are pleased

to say that, on our suggestion, the superintendent of schools caused a rule

to be established that each scholar should have his own individual pencil.

It has long been known that, upon reopening the schools after a vacation,

infectious diseases seem to take a fresh impetus, and, on the other hand,

when the schools are closed, such diseases seem to relinquish their hold

upon the community. We therefore believe that during the long summer

vacation, the school houses should not only be cleaned in the usual manner,

but also thoroughly fumigated and disinfected from top to bottom, and the

basements thoroughly whitewashed.

A contagious hospital is now being built, consisting of two wings and a

dwelling-house, all connected by long corridors, one wing being for scarlet

fever cases and one for diphtheria cases, each capable of accommodating

ten patients ; and each is so constructed that it can at any time be enlarged

at a comparatively small expense, should occasion require.

Under the plumbing act, as it stands, a board of examiners has been

organized, consisting of the present chairman of the Board of Health, the

present inspector of buildings, and a practical plumber who was chosen by

the Board of Health as the tliird member.

The Board has adopted a system of registering plumbers who were in

business at the time the act took effect, that is, on or before July 10, 1893.
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To each plumber registering his name a certificate has been issued certify-

ing that he was engaged in the business prior to that date. These certifi-

cates have proved of great practical convenience to the plumbers of the

city who do work in other places by enabling them to readily prove the

fact that they were engaged in business prior to July 10, 1893, and there-

fore entitled to pursue their calling without a license.

Altogether about 1,100 connections have been made with the public

sewer. The total estimated number of connections made and to be made

is 2,500.

Ware.

A careful investigation of the sanitary condition of the buildings and

premises in town was made early in the year by agents, who were appointed

for the purpose, and who were furnished with printed blanks containing

various inquiries, upon whicli they recorded their answers. At a later

time a second visitation was made by these inspectors where it seemed

desirable to the Board that it should be done. In this way accurate and

complete information was secured as to our sanitary condition.

In compliance with an act of the Legislature passed during the year, the

Board prepared a set of by-laws in relation to plumbers and plumbing

work, which were adopted by the town, and which are now operative.

These by-laws require that those who newly enter the business of plumbing

should pass an examination and obtain a license, which must be renewed

each year that they continue in business. All plumbing work, except re-

pairs of leaks, must be done only after proper notice given the Board of

Health or its appointed agents, and must be approved by the Board after

examination by an inspector of plumbing appointed for the purpose.

Welleslet.

No cases of typhoid fever have been reported to the Board during the

year.

There have been several instances in which the advice of the Board has

been sought in regard to sanitation, and in all cases the suggestions

made have been readily comi)lied with.

The Board would respectfully call to mind the fact that householders are

required by law, no less than physicians, to report cases of contagious

disease occurring within their respective families.

AVkstborough.

In no instance has the Board been forced to resort to legal measures to

secure compliance with its requests.

The general health of the inhabitants of the town has been compara-

tively good. There has been no epidemic disease, and only four cases of

contagious disease dangerous to the public health have been reported.
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Westfield.

At the town meeting, held April 8, it was voted :
—

That the Board of Health is hereby instructed to compel persons owning,

leasing or maintaining any building, to connect with the public sewer, as jjro-

rided in chapter 132 of the Acts of 1890, on or before the first day of January,

1895.

After mature deliberation your Board decided that the best interests of

the public health demanded immediate action, and instructed its clerk to

formulate a notice for compulsory entrance. Five hundred of these notices

were sent to property owners on the south side of Westfield River. En-

trances were made the entire season as rapidly as the property owners

could secure attention from the plumbers and drain-layers. Three hun-

dred and fifty-four sewer applications were made, representing the entrance

of three hundred and seventy-one buildings, which includes five hundred

and eighteen families, besides eight blocks, two churches, one school build-

ing, three shops and one stable.

The Board established certain limits in the town, within which the keep-

ing of swine was prohibited, and provided that any and all swine, and any

pen or other inclosure in which swine are kept, outside of said districts,

shall be kept in a condition of neatness and cleanliness acceptable to the

Board of Health.

Westford.

The physicians were prompt in notifying the Board of all infectious or

contagious diseases, and where quarantine was established we allowed it to

remain until the physician in charge of the case notified us that it was un-

necessary. Disagreeable as it was to be shut off from their usual freedom,

members of the families where these infectious diseases prevailed readily

complied with the regulations, and did much to prevent the spread of the

disease. Householders do not seem to understand that tlie law requires

them as well as physicians to notify the Board of Health if they are know-

ing of infectious or contagious disease within their family or house. The

law is very plain, and a heavy penalty is provided for non-compliance with

it. But two householders have complied with the law the past year.

Whitman.

Tlie difBculties arising from lack of a sewage system, and tlie fact that a

great deal of the land in Whitman is so low that deep cesspools cannot be

dug, have Vjeen thoroughly described in preceding reports, and it is hoped

that at some future time the desired system may be established. The town

has not suffered from many cases of contagious diseases the past year, but

all cases which have come to our knowledge have been promptly reported
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to the State Board of Health, entered on our records and reported to the

school committee according to law. "When necessary, conspicuous red

cards with the name of the disease in large letters have been posted on the

premises where an infectious disease was known to exist.

WiLLIAMSTOWN.

The Board has attended to the usual matter of nuisances, which have

been promptly abated. In connection with board of selectmen, the Board

of Health has assisted in the construction of sewers, an excellent advance

in this matter, and it is hoped that the same policy will be continued during

the coming year.

WlXCUESTER.

The Board vaccinated eighty scholars, sixty-one of whom had never been

vaccinated before. Some of these had passed through all but the high

school.

The Metropolitan sewer is about complete in Winchester, and we hope

our local system of sewers will soon be commenced and that, in the near

future, Winchester will be supplied with a complete system.

WOBURN.

During the year over one hundred complaints were received, concerning

existing nuisances, and promptly attended. Among the most prominent

was the Pantasote Leather Company nuisance, which had been a cause of

complaint for several j'ears, not only by the citizens of our own city, but

also by the citizens of the neighboring towns of Reading, Stoneham, Wil-

mington, Wakefield and Winchester. After a thorough investigation by

the Board, tliey ordered the premises closed until the proper machinery

could be introduced to abate the nuisance. The works have not started

again, as yet, nor will they be allowed to until all semblance of a nuisance

has been abated. A number of complaints were also received from the in-

spectors of the Boston Water Board and received prompt attention.

WOKCESTEU.

Number of complaints for the year ending Dec. 31, 1893, 1,713. Rooms
fumigated, 448.

There were three successful prosecutions by the Board during the year,

viz., one for keeping pigs without a license, one under the law regulating

contagious diseases among domestic animals, one for doing plumbing work

without a license.

Twelve houses, containing thirty-five tenements, were vacated on account

of bad sanitary condition.

The general sanitarj' condition of the city through the year was good.

There was a slight increase in the number of deaths over the previous year.
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Special efforts were made during the summer months to thoroughly clean

the city in anticipation of an invasion of cholera, but owing to the effective

national quarantine maintained by the general government its entrance was

prevented. As usual, a large number of the cases of typhoid fever were

due to causes outside of the city. It is probable that several cases were

contracted at Chicago while visiting the Fair. We again call attention to

the great necessity of a hospital for the care of contagious diseases. The

need of such an institution has been, if possible, more forcibly brought to

our attention during the year just closed by the appearance of contagious

diseases in several of the institutions of our city that are devoted to be-

nevolent and charitable purposes, thereby impairing, if not altogether pre-

venting, their iisefulness for the time being.
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In Merrimack River water and effluents from experimental water filters

at Lawrence 482

Presence of, in water; explanation of success of continuous filtration

of water at Lawrence 479

Distributing Reservoir, Lawrence 185

Dog, experiment with carcass of, in filter 449

Dow's Brook, Ipswich 179

Drugs, inspection of 684

Dug Pond, Natick 235

Dyestufls, removal of, from sewage by filtration 427, 444, 446

East Bridgewater, health of 759

Water supply of (see also Bridgewater) 145

Easthampton, health of 759

Water supply of 145

Easton, consumption of water in 371

Easton, North Easton Village District, water supply of, examination of . 146

Egypt River, Ipswich 179

Elder's Pond, Lakeviile (see Taunton) 298

Ell Pond, Melrose 221

Emerson Brook, Uxbridge 101

Erysipelas, weekly summary of deaths 635

Everett, health of 760

Water supply of 146

Consumption of water in (see Boston, Mystic Works) . . . 371

Examination of rivers 341
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Examination of water supplies 91

Explanatory note 91

Exhibits at Columbian Exposition xviii

Expenses of xxiil

List of exhibits by the Board six

Model of Lawrence Experiment Station xx
Notice of award xxii

Expenditures Ivil

Experiments upon the purification of sewage by filtration at the Lawrence
Experiment Station 399-452

Experiments upon the purification of water by filtration at the Lawrence

Experiment Station 453-541

Fairhaven, water supply of, examination of 146

Advice of the Board 17

Nasltetucket River *. . . 148

Fall River, health of 760

Consumption of water in ......... 371

Falmouth Heights, water supply of, examination of 148

Advice of the Board 18

Fats in Lawrence sewage 403, 404

Ferric sulphate, precipitant for sewage 602, 620

Fever, typhoid, eflect of Lawrence city filter upon health of citizens, with

regard to (see Typhoid Fever) 657

Filter, the, of the water supply of the city of Lawrence and its results

:

Hiram F. Mills, A.M., C.E., member of State Board of Health of

Massachusetts 543-560

Collecting conduit 554

Cost 555

Description of original supply 545

Distributing conduits .......... 550

Efitct of filtration upon chemical and bacterial composition of Merri-

raaclc River water 555

Eflect of filter upon inhabitants of Lawrence 557

Ganeral design of filter 547

Outline of investigations of the Board upon water purification . . 546

Selection and arrangement of saud for filling material .... 548

Selection and arrangement of gravels ant! pipes for uuderdrains . . 551

Conclusions 5(>0

Filters, experimental, for sewage purification at Lawrence, construction of 429

Experimental, for water purification at Lawrence, construction of . 464, 491

Sewage, in actual operation in the State 661-594

Filtration, intermittent, definition of process of purification of sewage by

(see also Sewage, Filtration of, and Water, Filtration of) . . 401

Fitchburg, health of 761

Nasliua River at 360

Water supply of, examination of 149

Scott Reservoir 149

Wyraans Reservoir 151

Flow of streams 379
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Food and drug iuspection xxv, 651

Number of samples examined 651

Summary of work done during the year 651

Summary of work of previous years 652, 653

Adulterated milk 655

Food, other than milk 657

Cities and towns to which notices were sent on account of adulterated

milk 658

Cities and towns to which notices were sent on account of adulterated

food, other than milk 658

Cities and towns to which notices were sent on account of adulterated

drugs 659

Summary 664

Expenditures 666

Fines 665

Prosecutions 659

Report of Dr. C. P. Worcester oa analyses of food and drugs . . 624

Report of Prof. C. A. Goessmann on the milk of western Massachu-

setts 687

Foxborough, consumption of water in 371

Framingham, health of 762

Sewage disposal of, advice of the Board 74

Sewage disposal of, description of 566

Average degree of purification of sewage by filtration . . . 569

Water supply of, examination of 152

Consumption of water in 371

Filter gallery 152

Reservoir No. 2, Boston Water Works 106

Reservoir No. 8, Boston Water Works 110

Underdrain beneath sewers 153

Franklin, consumption of water in ......... 371

Fresh Pond, Cambridge 132

Fulling Mill Pond, Hingham 161

Furnace Pond, Pembroke 262

Gardner, health of 762

Sewage disposal of, description 573

Average degree of purification of sewage by filtration . . . 576

Water supply of, examination of 154

Consumption of water in ........ . 371

Crystal Lake 154

Gates Pond, Berlin (see Hudson) 170

General Report vii

Germs. (See Bacteria.)

Ginger, inspection of 680

Glen Lewis Pond, Lynn 201

Gloucester, health of 763

Consumption of water in 371

Glover Spring, Southbridge 280

Goessmann, Prof. C. A., report on milk 687
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Grafton, water supply of, examination of 166

Water supply of the village of Saundersville 156

Advice of Board 49

Gravel, flow of water through, under diflferent heads 553

Great Harrington, health of 763

Great Pond, Randolph and Braintree 270

Great Quittacas Pond, Lakeville 180

Greenfield, health of 763

Milk of 688

Ground water, mixture of, with efliueut from Lawrence city filter . . 534, 536

Haggett's Pond, Andover 95

Hanson, examination of water from Maquam Pond 157

Hatchet Brook, Southbridge 281

Hatchet Pond, Woodstock, Conn, (see Southbridge) 282

Haverhill, health of 763

Water supply of, examination of 157

Crystal Lake 157

Kenoza Lake 158

Lake Pentucket 159

Lake Saltonstall 158

Haynes Reservoir, Leominster 188

Hazen, Allen, chemical precipitation of sewage at World's Columbian Ex-

position, Chicago 595-624

Head, efiect of loss of, upon bacterial purification of water.... 470

Loss of, daily records 522-529, 538-541

Loss of, in Lawrence city filter 552, 555

Maximum loss of, in experimental water filters at Lawrence . . 487

Heads, flow of water through gravel stones with difiereut .... 553

Health of towns Hi, 741-784

Certain infectious diseases reported to local boards of health, 1893 . 741

Summary of, for 1891, 1892, 1893 744

Heart diseases, mortality from xxxvil

Heights of water in ponds and reservoirs :

Berlin, Gates Pond 173

Brockton, Salisbury Brook Storage Reservoir 129

Cambridge, pond and reservoir 136

Hudson, Gates Pond 173

Lynn, ponds and reservoirs 203

Maiden, Meilford and Melrose 206

Natick, Dug Pond 237

New Bedford, reservoir and pond 240

Norwood, Buckraaster Pond 258

Qulncy, Storage Reservoir 269

Salem and Beverly, Wenham Lake........ 277

Springfield, Ludlow Reservoir 289

Hermitage Pond, Worcester 337

Hingham, health of 764

Hingham and Mull, water supply of, examination of 159

Accord Pond, Hingham 159

Fulling Mill Pond, Hingham 161
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Hinsdale, Hinsdale Fire District, water siipplj" of, examination of . . 162

Hobart's Pond, Whitman 325

Holbrook, -water supply of (see also Randolph) 163

Hoh'oke, health of 765

Milk of 687

Sewage disposal of, advice of the Board 75

Water supply of, examination of 164

Advice of Boai'd 19

Examination of water from various sources collected during an

investigation for an additional water supply .... 168

Whiting Street Storage Reservoir 164

Wright and Ashley ponds 166

Honey, inspection of 682

Horn Pond, Becket (see Chester) 137

Horn Pond, AVoburn 321

Hospitals, isolation, for infectious diseases, by S. W. Abbott, M.D., Sec-

retary of the Board G91-737

Reasons for their use 691

Character of accommodation required 696

Extent of provision 696

Diseases which may properly be treated in 698

Possibility of spreading infection 701

Conclusions relative to spread of small-pox in the neighborhood of . 702

Disinfecting apparatus 703

Plan of hospital for infectious diseases at Cambridge .... 706

Pavilion for contagious diseases at Boston City Hospital (plan) . . 707-709

Hospital at State Primary School, Monson 705

Ealing Isolation Hospital, plan of 711

London Fever Hospital 710

Plan of 713

List of hospitals for infectious diseases 713

Probationary wards 714

School sanatoria 714

Isolating wards 714

Summary 716

Practice of different countries in relation to 717-737

Berlin 727-729

Denmark, Copenhagen ......... 735-737

Plan of hospital at 736

England: Regulations as to hospitals, 717; memorandum of ambu-

lances, 720; rules for hospitals for infectious diseases, 721;

instructions for nurses, patients and visitors, 721; statistics

showing cost of construction of hospitals, 722.

Germany 727

Glasgow 723-727

Paris 730, 731

Sweden 732

Stockholm 733-735

Housatonic River, examination of, at New Lenox ...*.. 357

Hudson, health of 765

Water supply of, examination of 169
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Hudson— Concluded.

Water supply — Concluded.

Gates Pond, Berlin 170

Heights of water in Gates Pond 175

Hull, water supply of (see also Hingham) 173

Hyde Park, water supply of, advice of Board 20

Consumption of water in 371

Hyde Park and Milton, water supply of, examination of ... . 173

Faucets 176

Neponset River 177

Tubular wells 175

New tubular wells 176

Hydrophobia, deaths from xli

Infectious diseases viii

Cases of, reported by local boards of health, tabular list . . . 643

Form for report of 641

Isolation hospitals for (see Hospitals) lii, 697-737

Laws relating to .......... •
xvi

Notification of xv

Reports of 631>

Influenza xxxix

Inspection of food and drugs. (See Food and Drug Inspection.)

Ipswich, health of 766

Examination of Dow's Brook and Egypt River 179

Ironstone Brook, Uxbridge 101

Isolation hospitals. (See Hospitals.)

Kenoza Lake, Haverhill 158

Kidney diseases, mortality from xxxvii

Kingston, water supply of 179^

Advice of the Board 21

Lakeville, examination of Long Pond 179

Great Quittacas Pond 180

Lard, inspection of 682

Lateral filtration, importance of, in Framingham sewage filters . . . 569

Slight opportunity for, in experimental sewage filters at Lawrence . 421

Lawrence Experiment Station, detailed account of work at, in 1893 . . 399-541

Lawrence, health of .......... • 766

Typhoid fever in 1893-1894, compared with that of preceding years,

also with that of other cities 546, 557

"Water supply of, examination of 181

Advice of Board 22

Consumption of water in 371

Distrit)uting reservoir 185

Filter of, and its results 542-660

Flow of Merrimack River 186

Force main at pumping station 183

Merrimack River at, analyses of water of . . 182, 489, 493-495, 530-541

Tables of analyses 530-541

Use of unflltered river water drawn from the canal in some of the

mills, and its relation to typhoid fever 559
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PAGE

Xee, milk of 688

Leicester, sewage disposal, advice of the Board 75

Water supply of, examination of 187

lienox, sewage disposal of 578

Leominster, water supply of, examination of 188

Haynes Reservoir 188

Morse Reservoir 190

Lexington, health of 766

Water supply of, examination of 191

Advice of the Board 23

Vine Brook 192

Lime as a precipitant for sewage, absorbed from cement conduits at Law-
rence city filter by water, the hardness of which was increased 602, 620

Lincoln, water supply of, examination of (see Concord) .... 192

Little Pond, Braintree 123

Little Quittacas Pond, Lakeville 239

Little Sandy Pond, Pembroke 262

Little South Pond, Plymouth 264

Local diseases, mortality from xxxviii

Longham Meadow Brook, Beverly 277

Long Pond, Lakeville 179

-Lowell, health of 767

Water supply of, examination of 192

Advice of the Board 25

Consumption of water in 371

Merrimack River 194

Tubular wells 194

Lower Reservoir, Southbridge 280

Ludlow, water supply of . . . . . . . . . . 194

Ludlow Reservoir, Springfield 287

Lung diseases, acute, weekly summary of deaths 632

Lynn, health of 768

Water supply of, examination of 195

Advice of Board 25

Breed's Pond 195

Birch Pond 197

Glen Lewis Pond 201

Walden Pond 199

Depth of water in ponds and reservoirs 203

Lynn and Saugus, consumption of water in 371

Mace, inspection of 680

Malarial fever, mortality from xxxix

Weekly summary of deaths 635

Maiden, water supply of, examination of '207

Consumption of water in 371

Tubular wells 207

Maiden, Medford and Melrose, water supply of 203

Examination of water from Spot Pond, Stoneham .... 205

Heights of water in Spot Pond 206

Letter from State Board of Health to water boards of... . 29
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Manapfement of sewage filters to secure continuous efflclency

Manchester, water suppl}' of, examination of

Consumption of water in

Mansfield, consumption of water in

Manual of health laws ....
Maple sugar, inspection of . . .

Maple sjTup, inspection of . .

Maquam Pond, examination of water .

Marbleheud, health of .

Water supply of, examination of .

Consumption of water in

Marlborough, health of .

Sewage disposal of .

Water supply of, examination of .

Advice of the Board

Consumption of water in

Lake Williams ....
Millham Brook ....

Material, new, addition of, to sewage filters

Maynard, health of ....
Water supply of, examination of .

Meadow Brook, Meudon (see Uxbridge)

Measles, mortality from
AVeckly summary of deaths

Mechanical analyses, of mixtures of coarse and fine sand

Of sand in Lawrence city filter ....
Of sands used for experimental sewage filters at Lawrence

Of sand used for experimental water filters at Lawrence

Medfleld, sewage disposal of .

Water supply of, examination of .

Medfleld Insane Asylum, water supply of, examination of

Medford, health of ....
Water supply of, examination of (see also Maiden)

Advice of Board

Consumption of water in

Medical examiners, returns of

Meeting-house Pond, Westminster

Melrose, health of

Water supply of, examination of (see also Maiden)

Advice of Board ....
Consumption of water in .

Ell Pond
Tubular wells near Ell Pond

Tutmlar wells in valley of Spot Pond

Mendon, water supply of . . .

.\dvlce of Board ....
Mendon Pond, Mendon (see Uxbridge)

Merrimack Kiver, examination of ^see also Lawrence and Lowell")

Analyses of water of . . .

Analyses of water of, at Lawrence .... 489, 493-495.

Flow of, at Lawrence

I'AOB

412-422

208

371

371

xxiii

682

682

157

769

209

371

769

580

211

28

371

212

213

420

770

214

301

iv, XXXV
634

418

492

429

491

586

215

215

770

216

29, 32

371

xliv, xlv

150

770

218

34

371

221

220

219

222

40

299

358

l.si-193

30-541

186
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Merrimack River— Conchided.

Increase in the amount of impurities in Merrimack River water from

point above Lowell to Lawrence, as determined by regular

monthly examination of different years 359

Table comparing the analyses above Lowell with those above Law-
rence, 1893 359

Methuen, water supply of, examination of 222

Advice of the Board 41

Metropolitan water supply xlix

Micro-oi-gauisms. (See Bacteria.)

Middleborough, consumption of water in 371

Middleborough Fire District, Middleborough, water supply of, examina-

tion of 223

Middleton, water supply of 228

Consumption of water in (see Danvers) 371

Milford, health of 771

Milk

;

Adulterated 655

Inspection of 669

From cities, 671 ; from towns, 671 ; from suspected producers, 672.

Tables showing quality of, by months 673

Milk, condensed, inspection of 674

Mill River, Deerfleld 145

Millbury, health of 771

Millham Brook, Marlborough 213

Millis, water supply of, examination of 224

Aqua Rex Spring 224

Mills, Hiram F., A.M., C.E., the filter of the water supply of the city of

Lawrence and its results 543-560

Millville, examination of Blackstone River at 351

Milton, water supply of, examination of 225

Consumption of water in 371

Pine Tree Brook 226

Tubular test well in valley of Pine Tree Brook 225

Mineral analyses of sands used for water filters at Lawrence . . . 483

Mineral matter in sewage, chemicals and effluents at World's Columbian

Exposition, Chicago 623

Molasses, inspection of 682

Monson, isolating hospital at State Primary School 705

Montague, consumption of water in 371

Montague, Turner's Falls Fire District, water supply of, examination of . 226

Lake Pleasant 226

Morse Reservoir, Leominster 190

Mortality, summary of weekly reports of cities and towns .... 627

Total deaths 630

Deaths of children under five years 680

Acute lung diseases 632

Consumption 681

Diarrhfiial diseases 635

Diphtheria and croup 683

Measles 634
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Mortality — Concluded.

Scarlet fever 634

Typhoid fever 632

Whoopiug-cough, malarial fever, erysipelas, puerperal fever and small-

pox

From all causes, and from influenza, pneumonia, phthisis, bronchitis

and heart diseases, by months, for four years .... xl

Of cities xli

Morton and Cooley brooks, Chicopee 140

Mumford River, Uxbridge 301

Mustard, inspection of 680

Mystic Lake 116

635

Nahant, water supply of (see also Swampscott) 227

Naniucket, health of 772

"Water supply of, examination of 227

Comparison of examinations of water from Wannacomet Water

Company's Works, before and after filtration .... 231

Consumption of water in 371

Wannacomet Pond 232

Wannacomet Pond, after filtration 234

Nashua River 360

Chemical examination of water from North Branch of Nashua River

below Fitchburg 360

Chemical exammation of water from South Branch of the Nashua

River at Clinton 361

Natick, water supply of, examination of 235

Consumption of water in 371

Dug Pond 235

Heights of water in Dug Pond 237

Needham, healtli of "72

Water supply of, examination of 237

Consumption of water in 371

Neponset River at Hyde Park, examination of . . . . . . 177

New Bedford, health of 772

Water supply of, examination of 238

Consumption of water in ........ . 371

Little Quittacas Pond, Lakeville 2.S9

Heights of water in pond and reservoir 240

Newburyport, health of 774

Water supply of, examination of 241

Advice of Board 42

Consumption of water in 371

Faucet 242

Reservoir 242

Tubular test wells 243

Artichoke River, West Newbury 244

Newton, health of 774

Water supply of, examination of 244

Consumption of water in 371
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PAGE

Newton— Concluded.

Water supply — Concluded.

Distributing reservoir 245

Faucet at pumping station 244

Main uiiderdrain, beneath Laundry Brook valley sewer . . . 248

Main underdrain, Cheesecake Brook division 247

Main underdrain, Hyde Brook division 246

Nitrification 412, 428, 477-482, 547, 548

Nitrogen, contained in sand scraped from surfaces of water filters at Law-
rence 486

Storage of, in experimental sewage filters at Lawrence . . . 411

Storage of, in experimental water filters at Lawrence .... 484, 485

North Adams, milk of 688

Northampton, water supply of, examination of 249

North Andover, health of 774

Water supply of, examination of 249

Advice of Board 44

Boston Brook, Andover 249

North Attleborougli, health of 774

Water supply of, examination of 250

Consumption of water in 371

Noi'thborough, water supply of, examination of 251

North Brookfield, sewage disposal, advice of the Board .... 80

Water supply of, examination of 252

North Easton, water supply of 146

North Pond, Orange 261

North Reservoir, Winchester 326

Norwood, water supply of, examination of 254

Buckmaster Pond, Dedham 255

Consumption of water in 371

Faucets, supplied from Buckmaster Pond 257

Heights of water in Buckmaster Pond 258

Norwood's Pond, Beverly 277

Notification of infectious diseases xv

Nutmeg, inspection of 680

Ofiensive trades xviii

Oldham Pond, Pembroke 262

Olive oil, inspection of 683

Orange, health of 775

Milk of 688

AVater supply of, examination of 258

Coolidge Brook 261

North Pond 261

Organic matter In soils, amount and character of, by T. M. Drown, M.D.,

chemist of the Board 385

Oxygen, dissolved, in Merrimack River water and efiluonts from water filters

at Lawrence 482

In sewage from Lawrence Street sewer 408

Presence of, In water, explanation of success of continuous filtration

of water at Lawrence 479
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Palmer Fire District, Palmer, water supply of, examination of . , . 262

Peabody, water supply of, advice of the Board 44

Pembroke, examination of water from Big Sandy Pond .... 93

Furnace Pond 262

Little Sandy Pond 262

Oldham Pond 262

Silver Lake 262

Stetson's Pond 262

Pentucket Lake, Haverhill 159

Pepper, inspection of 681

Permanency of sewage filters 410

Directly dependent upon the treatment which they receive . . . 412

Of efliciency of water filters in removing bacteria 455

Pine Tree Brook, Milton 225

Pittslield, health of 775

Milk of 687

Sewage disposal of, advice of Board 82

Pleasant Lake, Montague 226

Ploughing sewage filters, efl'ect of 415

Plymouth, health of 776

Sewage disposal, advice of the Board . 82

Water supply of, examination of 264

Little South Pond 2G4

Pneumonia, mortalit}' from xxxvi
Poluritc, efl'ect of, in removing dyestuffs from sewage by filtration . . 427, 446

Analysis of 427

Pond Brook at Gardner, analyses of water above sewage filters . . . 576

Population of towns having and not having public water supplies . . 369

Povvow Hill Water Company 95

Precipitants employed in purification of sewage at World's Columbian
Exposition 601, 620

Precipitation, chemical, of sewage at Lawrence 405

Of sewage at World's Columbian Exposition 595-624

Prodigiosus, Bacillus, similarity to B. typhi abdominalis in its mode of life

in river water at Lawrence ........ 453

Method of application to water filters at Lawrence .... 490

Tables showing numbers in applied water and in eflauents from various

water filters at Lawrence 493-495

Prosecutions 659

Provincetown, water supply of, examination of 264

Puerperal fever, weekly summary of deaths 635

Purification of sewage and water. (See Sewage, Filtration of, and Water,
Filtration of.)

Quantitative efliciency, of experimental sewage filters at Lawrence . . 409, 424

Of experimental water filters at Lawrence ...... 454
Quantity, of sand removed from sewage filters at Lawrence . . 413,414,416

Of sand removed from water (liters at Lawrence to relieve clogging

Of sewage pumped at Framinghara ......
Of water yielded by filters between scrapings at Lawrence .

Of water yielded by Lawrence city filter

487

667

487

535-541
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Quincy, health of .

"Watei" suppl.v of, examination of

Consumption of water in

Heights of water in storage reser

Storage reservoir .

Town Brook....
Quinebaug River, examination of, at Southbridge

Quinepoxet River, examination of, at Holden

at Lawrence

Rainfall, normal, in Massachusetts

At nine places in Massachusetts, geographically selected

Raking, effect of, upon sewage filters ....
Randolph and Holbrook, water supply of, examination of

Consumption of water in

Great Pond, in Randolph and Braintree .

Eate of filtration, of experimental sewage filters at Lawrence
Of experimental water filters at Lawrence

Of Lawrence city filter

Effect of, upon efficiency of water filters

Maximum, of flow of water through materials studied

Reading, health of

Water supply of, examination of .

Consumption of water in

Registration of vital statistics (see Vital Statistics) .

Removal of bacteria. (See Bactei'ia.)

Removal of organic matter. (See Chemical Purification.)

Resei'voirs, storage of water in, as affected by amount and character of

organic matter in soils .........
Resting, effect of, upon sewage filters

Revere, health of

Revere and Winthrop, water supply of, examination of ... .

Consumption of water in

Tubular wells of Revere "Water Company at Cliftondale, Saugus .

Rivers, examiuation of

Flow of ("see also Sudbury River and Merrimack River) . . 186,

Roaring Brook, Whately

Rochester, examination of Snipatuit Pond
Rockland, healtli of

Water supply of (see also Abington)

Rockport, water supply of, examination of

Advice of the Board

Cape Pond

Routine work of Board

PAOB

776

266

371

269

267

266

363

362

372

373-378

412, 415

270

371

270

409, 424

454

531

456, 475

491

776

270

371

xxvil

383

419

776

271

371

273

341

379-882

146

274

776

274

274

45

274

liii

Salem, health of

Water supply of, advice of the Board

Consumption of water in ... .

Salem and Beverly, water supply of, examination of

Wenham Lake, Beverly and Wenham
Heights of water in Wenham Lake

777

47

371

275

276

277
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to relieve

413

to reliev

Salem and Beverly— Concluded.

Beaver Pond, Beverly

Loni^liam Meadow Brook, Beverly ....
Norwood's Pond, Beverly

Salisbury Brook, Brockton

Salisbury Brook Stora.ije Reservoir

Saltoustall Lake, Haverhill

Sand, bacteria in, of experimental water tllters at Lawrence

Depth of, effect upon efficiency of water filters

Mechanical analyses of, used in filters at Lawrence

Mineral analyses of, used in water filters at Lawrence .

Nitrogen stored in, of sewage filters at Lawrence

Nitrogen stored in, of water filters at Lawrence .

Quantity of, removed from sewage filters at Lawrence

clogging • •

Quantity of, removed from water filters at Lawrence

clogging

Selection of, for Lawrence city filter . . . •

Size of, efloct upon efficiency of water filters

Sandy Pond, Lincoln

Saugus, health of

Water supply of (see also Lynn)

Saundersville, Grafton, water supply of, examination of
.

Advice of Board

Scarlet fever, mortality from

Weekly summary of deaths

Scituate, water supply of, advice of the Board .

Examination of water from tubular test well

Scott Reservoir, Fitchburg

Scraping, eflect of, upon bacterial purification of water by filtration

Eflect of, upon sewage filters

Sand removed by, analyses

Water filters, summary of results ....
Conclusion

Sedimentation, purification of sewage by, at LaAvrence

Unfavorable conditions for, in the tanks of chemical precipitation

plant at World's Columbian Exposition

Sewage

:

. ^ o*^ *•

Experiments upon filtration of, at the Lawrence Experiment Station

Character of sewage used at the Experiment Station

Description and tables of analyses

Comparison of sewage as pumped at station with original sewa

the sewer

Dissolved oxvgen in sewage from Lawrence Street sewer

Comi)arison of sewage applied to experimental filters with

plied to certain large inters in the State

Average purillcation of sewage by the several Alters in 1893

Permanency of sewage filters . . • •

Per cent, of applied nitrogen stored in filters in 1893

Permanency directly dependent upon treatment

.

Summary and conclusions.

that ap

277

277

277

125

126

158

48-1-486
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