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GENERAL REPORT.

The following report comprises the general work of the State Board of

Health for the year ended Sept. 30, 1902, together with its operations

under the food and drug acts for the same period, and under the acts

relating to water supply and sewerage during the calendar year 1902.

The first part, paged in Roman numerals, contains a condensed account

of the work done under the laws defining the duties of the Board.

The regular work of the Board is performed mainly under the provisions

of three separate acts,— an organic act of 1869, establishing the Board;

an act of 1882, providing for the inspection of food and drugs ; and an act

for the protection of the purity of inland waters, of 1886, together with the

amendments of these acts, all of which have been embodied in chapter 75

of the Revised Laws of Massachusetts, enacted in 1901.

The second part of this report, paged in Arabic figures, presents the

fuller details of the work of the Board under the acts above referred to.

The following members comprised the Board in 1902 :
—

Henry P. Walcott, Chairman.

Hiram F. Mills.
j

Charles H."Porter.

James W. Hull.

Gerard C. Tobey.

Julian A. Mead.
JoHX W. Bartol.

General Health of the State in 1902.

In the last annual report (for the year 1901) it was stated that the death-

rate of the State in that year was the lowest ever recorded. That of 1902,

so far as can be estimated from the returns made to the Secretary of State,

was still lower, the deaths having been only 47,491 out of an estimated

population of 2.937,600, which is equivalent to only 16.17 per 1,000 of the

living population. The lowest death-rates in any previous years of the last

half of the nineteenth century were 17 per 1,000 in 1867, 17.33 in 1859,

and 16.82 in 1901. The highest death-rate in any year of the half-century

was that of 1872, which was 22.85, while that of 1849 in the previous half-

century was probably still higher. Death-rates in the first half of the last

century were probably much greater than they were in later times, in con-

sequence of the greater prevalence of infectious diseases.
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The following figures are presented for the ten years ended with 1902 :—
Massachusetts.

Years.
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No serious epidemic of a general character proving fatal to large num-

bers of the population has prevailed throughout the State for several years,

or since the epidemic of influenza of 1889-90. The principal epidemic

years of the last century were 1849 and 1872, in each of which infectious

diseases of a destructive character were unusually prevalent.

In the following table a balance is shown between the principal infectious

diseases of 1901 and 1902. By this table it appears that the sum of the

deaths from these eleven principal infectious diseases in 1902 was less by

41 than those of 1901 from the same causes. The effect of this gain upon

the general population is shown in the following quotation from tlie report

of 1901 :
—

The improvement in the death-rate from infectious diseases is of much greater

importance than the loss resulting from the increase in the death-rate from such

diseases as cancer, and the diseases of the heart, kidneys and bi-ain, when the

figures of 1901 are compared with those of any of the early years of the last half-

century, because the lives saved are more vahiable than the lives lost, those of the

former class being chiefly of the young who are just entering upon the useful

period of life, while the latter are mostly those of old people who have passed

that period.

Deathsfrom Certain Infectious Diseases in 1901 atid 1902.

Diseases.

Small-pox, ....
Diphtheria and croup, .

Scarlet fever, ....
Typhoid fever,

Measles • .

Cholera infantum, .

Consumption

Dysentery

Whooping-cough, .

Pneumonia

Cerebro. spinal meningiiis, .

1001.
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The added figures for the years 1901 and 1902 confirm the same prin-

ciple, and show that these progressive changes are still going on.

Deaths and Death-rates from Certain Diseases in Massachusetts by Ten-year

Periods, 1851-1900.

1

Deaths.
Death-rates
per 10,000.

3

Deaths.
Death-rates
per 10,000.

1851-60, .

1861-70, .

1871-80, .

1881-90, .

1891-1500,

94,355

109,845

129,952

121,293

115,403

83.2

83.5

78.7

60.7

45.5

29,509

46,969

75,740

119,093

170,716

26.0

35.7

45.9

59.6

67.3
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The Death-rate of Cities.

The State of Massachusetts has become so densely settled, so far as

relates to its urban population, as to require a better method of computing

the death-rates of large cities than that which is usually employed, when it

is desirable to compare the death-rates of such cities with each other. In

only one of the States of the Union (Rhode Island) is the population more

densely settled than that of Massachusetts. The population of the State,

now about three millions, is limited to a little more than eight thousand

square miles of territory, or about 375 persons per square mile. These,

however, are very unequally distributed, the cities, 33 in number, each

having over 12,000 inhabitants, containing about three-fourths of the en-

tire population.

The following tables are presented for the purpose of showing the method

of comparing the death-rates of different cities with each other, when the

conditions as to the relative numbers of persons of different sexes and ages

are not the same in each. The crude or recorded death-rate of any city for

a given year, as obtained by comparing the existing population with the

number of deaths in the year, may be compared with the death-rate of the

same city for any other year or series of years, but it cannot be compared

with that of another cit}', for the same year, unless the populations of the

two cities have an identical relative distribution of the population by sexes

and ages.

For example : the crude death-rates of the older cities and towns of the

Atlantic sea-coast cannot properly be compared with those of new western

cities, in which the relative number of persons of young and healthy ages

is in excess of that in the former cities, while the population at advanced

ages is also correspondingly smaller. For this reason the registrar-general

of England has devised the method of referring the figures of different

communities, cities and towns to some standard population, such as that

of the country at large, or, as advised by other experts, to that of some

very healthy population, like that of Sweden.

In the following table the population and deaths in the State at large are

assumed as a standard, and the death-rates of the cities are compared with

this standard. The method is fully explained in the last edition of News-
holme's " Vital Statistics."

The statistics of the year 1900 are here selected for presentation because

the census enumeration was taken in that year. The data for sexes and

ages, however, were only published for cities having a population of 25,000

or more in each. This includes 20 of the large cities of Massachusetts.

In certain cities the death-rate is unfavorably influenced by the presence

of public and private institutions, in which a considerable number of non-

resident patients are treated whose deaths should not be credited to the

death-rate of those cities. An allowance has therefore been made of 419
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deaths of such non-residents in Boston, of 119 in Worcester, of 79 in

Taunton, and of 90 in Chelsea, all of which occurred in sixteen public and

private institutions during the census year 1900.

For the purposes of this comparison a mean annual mortality of the State

by ages and sexes for the three years 1899, 1900 and 1901 was calculated

and applied to the population of each city in this group. This mean annual

rate for each sex and age is shown in the following table :
—

Death-rales by Sexes and Ages. 1899-1901.

AGB8.
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To illustrate this principle the foregoing table is presented, containing

the distribution of the population by sexes and ages in the State at large,

and in the two cities, Holyoke and Salem.

In Holyoke the combined population at ages 0-5 and all over 55 con-

stituted 19.1 per cent, of the whole population, while that of Salem at the

same ages was 22.6 of the whole. In the case of Holyoke the percentage

of the population at these ages was less than that of the State for the

same ages, notwithstanding its high birth-rate, but its population at ad-

vanced ages is relatively small, as is usually the case in comparatively new

cities. In Salem, a much older city, the population under 5, and also that

which is over 55, is greater tlian that of the State at the same ages, thus

favoring a higher death-rate in Salem and a lower one in Holyoke than

that of the State at large.

The method of correcting the death-rates for sex and age distribution is

shown in the following tables :
—

Recorded and Corrected Death-rates per 1,000 persons living in Massachusetts

Cities of more than 25,000 Inhabitants in 1900.
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rate is the recorded death-rate multiplied by the Factor for Correction.

The Comparative Mortality Figure represents the Corrected Death-rate in

each city, compared with the Recorded Death-rate at all ages in Massachu-

setts in 1900 taken as 1000.

The figures in this column (5) may be read as follows: after making

approximate corrections for differences of age and sex distribution, the

same number of living persons that gave 1,000 deaths in Massachusetts in

1900 gave 816 in Brockton, 818 in Maiden, 1,354 in Holyoke, etc.

The first column in the table is obtained by assuming that the mean
mortality in Massachusetts in the three years 1899-1901 prevailed in each

city. The age and sex distribution of each of these cities at the census of

1900 being known, the mean mortality in Massachusetts in 1899-1901 is

applied to the population thus constituted, and the result is the series of

death-rates in column 1. The differences in the death-rates of the cities

in this column are therefore caused only by the difference in the age and

sex distribution of their inhabitants.

The following example shows the method of obtaining these standard

death-rates :
—

The population of Holyoke in 1900 was 45,712 ; the total number of

calculated deaths in Holyoke was 711 ; the standard death-rate was,

4-1 f 711 X 1000 ,. .- ,
• ^, . ,1therefore, — = lo.So, as shown m the table, page xiii.

45712
' ^ °

Now the mean annual death-rate of Massachusetts in 1899-1901 was

17.48. This should be the same as the calculated death-rate for Holyoke,

which was obtained by applying the mean annual death-rate of Massachu-

setts at the different age groups to the population of Holyoke at the same

ages.
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sexes in the Holyoke population is more favorable than in the State at

large. This can be seen by consulting the table on page xii.

The standard death-rate in Holyoke. being lower than that of the State,

must be raised in a certain ratio in order to bring it into comparison with that

of the State. It must be increased in the proportion of 15.55 to 17.48.

The factor for correction for age and sex distribution, by which the

recorded death-rate of Holyoke must be multiplied in order to make it

comparable with that of Massachusetts is — ^— = 1124. "We have em-
15.55

ployed a triennial correction figure as a constant, having the census year

1900 as the middle year of the three. Any error which may be due to the

use of a triennial correction figure instead of a special correction figure for

a single year is so small that it may practically be disregarded. By multi-

plying the recorded death-rates in column 3 by the factors for correction,

the corrected death-rates in column 4 are obtained. These are the death-

rates which would have been recorded in each town had its population

been identical, so far as age and sex distribution are concerned, with the

population of Massachusetts.

Small-pox.

The beginning of the epidemic of small-pox, which has prevailed in

Massachusetts from the spring of 1901 until the present time (June,

1902), but which appears to be nearly at an end, was reported upon in

the last annual report of the Board. This epidemic reached its height in

January, 1902, in which month 347 cases were reported, with 35 deaths.

From that time the monthly roll of cases gradually diminished until mid-

summer, after which there was again an increase until the close of the

year, but the number of cases reported monthly in the past winter was

less than half as great as that of the preceding winter.

Comparing the epidemic of 1902 with that of former years, the number

of cases and also the number of deaths were very much in excess of those

of any year since the epidemic of 1872-73, but by no means as great as

they were in that epidemic.

Relatively, the mortality from small-pox in 1902 was at the rate of a

little more than .9 per 10,000 (93 per million inhabitants), while that of

1872 was 6.7, or about seven times as great, and that of 1873 was 4.3.

In the twenty-five years (1851-75) the death-rate from small-pox ex-

ceeded that of 1902 13 times, viz., in 1851, '54, '55, '56, '59, '60, '64, 'j55,

'66, '67, '71, '72 and '73
; but in no single year of the last quarter of the

nineteenth century did it rise higher than .25 per 10,000, or but little more

than a quarter of its rate in 1902.

The whole number of reported cases during the year 1902 was 2,305, of

whom 1,359 were males and 942 were females, and the sex of 4 was not

stated. Out of this number, 274 died,— 173 males and 101 females. The
general fatality was therefore 11.9 per cent.
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The cases and deaths were distributed throughout the year as follows :
—

Months.
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at the time of their occurrence. The whole number of such cases did not

probably exceed 200 in all. The law requiring reports to be made in all

instances, udder penalty of forfeiture of claim upon the State for expenses

of State cases, has undoubtedly exercised a salutary effect in making the

reports of cases fairly complete.

The comparative immunity of the paper mill towns and villages in this

epidemic is notable, when compared with the facts reported in earlier epi-

demics, especially in that of 1872-73, this fact being undoubtedly due to

the greater care which such towns have taken to secure the vaccination of

their inhabitants who were specially exposed to small-pox in consequence

of the use of rags in the manufacture of paper.

Occupations. — The occupations of persons attacked are not stated with

sufficient detail to enable us to present exact figures. It appears, however,

from the returns received, that women engaged in housework, laborers,

teamsters, mill operatives and shoemakers were attacked in largest numbers.

Persons engaged in certain occupations, however, are specially exposed

to attack during epidemics of small-pox, and these are nurses, physicians,

laundry operatives, the employees of paper mills and those of the trans-

portation companies. During the year 1902, 11 nurses, 6 physicians, 4

laundry operatives and 6 railway employees were reported as having small-

pox.

Of the nurses, 4 had been vaccinated and 7 were unvaccinated. Of the

physicians, 1 only was unvaccinated. The seven unvaccinated nurses

probably constituted all of the unvaccinated nurses employed during the

epidemic in attending patients ill with small-pox.

The comparative immunity of railway employees, when the large number
employed is considered, was undoubtedly due to the care taken by the large

corporations in securing the vaccination of their operatives during the early

part of the epidemic.

Summary of Several Tears. — The following table presents the numbers
of cases and of deaths from small-pox in the period of twenty years from

1883 to 1902 inclusive :
—

Yeabs.



XVI 11 STATE BOARD OF HEALTH. [Jan.

Sex. — The record of the distribution of the sexes begins with 1885, and

shows that the number of males attacked was 2,109 and that of females

1,513, or in the ratio of 139 males to 100 females.

In a few instances in the earlier years of the period the sex was not

stated.

Fatality.— The whole number of cases reported was 3,712 and the

deaths 489, or 13.2 per cent. The epidemic of the past two years was

unusually mild in character. The fatality in the year 1902, when the

greater portion of the cases occurred, was only 11.9 per cent.

Condition as to Vaccination.— Of 3,634 reported cases which occurred

since and including 1888, 1,522 were vaccinated, and of these there were

133 deaths ; 2,046 were unvaccinated, and of these there were 302 deaths.

In 66 cases the facts in regard to vaccination were not stated, and of these

there were 10 deaths.

Ages. — The information derived from the records of cases of small-pox,

when considered with reference to the ages of the persons attacked, to-

gether with the number and ages of these which terminated fatally, is of

the highest importance in its bearing upon the efficiency of vaccination as

a life-saving measure.-

The following table presents the age incidence of this disease, both

upon the morbidity and the mortality of small-pox in Massachusetts in the

period 1888-1902, the vaccinated, the unvaccinated and those among whom
the facts as to vaccination were unknown being separately classified.

These facts are obtained from the official returns of local boards of health

to the State Board of Health.

Small-pox in Massachusetts, by Ages, and with refere^ice to Vaccination,

1888-1902.
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From the foregoing table the following significant facts may be noted :
—

Only 3 vaccinated children under one year of age were attacked with

small-poi, and these all survived ; while there were 147 attacks of unvac-

cinated infants under one year old, and of this number 44 died, or 30 per

cent.

Among vaccinated persons under fifteen years old there were 100 attacks

and no deaths ; but among unvaccinated persons of the same ages there

were 895 attacks and 109 deaths.

Among vaccinated adults over fifteen years of age there were 1,412 at-

tacks and 133 deaths; and among unvaccinated persons over fifteen years

old there were 1,142 attacks and 189 deaths.

It is also worthy of notice that 386 school children, or children of school

ages (five to fifteen years), were attacked, and of this number 317, or more

than four-fifths, were unvaccinated. There were only 12 deaths out of this

number, since this is the period of life when the power to resist fatal at-

tacks of disease is greatest.

Out of the 1,522 who were recorded as having been vaccinated, it was

stated in the returns that 1,054, or nearly 70 per cent., had been vaccinated

in childhood or infancy only ; and nearly every one of the deaths of adults

recorded as " vaccinated" occurred among this class.

The foregoing figures illustrate the decided saving of life among persons

of early ages, the gross neglect of vaccination of school children, and the

neglect of revaccination among adults.

The change in the age incidence of small-pox since the introduction of

vaccination is one of the most important proofs of the effect of this prac-

tice.

Before the discovery and introduction of vaccination, small-pox was pre-

eminently a disease of children, — quite as much so as either scarlet fever

or measles.

The immunity from small-pox secured by the vaccination of infants is

not permanent, and vaccination should therefore be repeated at the end of

about ten years. (The German law requires revaccination at twelve years

of age ; and the new law of France requires three vaccinations, one during

the first year, another in the eleventh year and a third in the twenty-first

year.)

Now, since a very large share of the population is vaccinated in infancy,

but many of these persons neglect revaccination, consequently the number
of attacks and the deaths resulting from the same are carried forward, and

occur in the adult ages of life. Tlie effect of this is shown in the following

diagram, in which are shown the numbers of the population who die at

certain ages from measles and scarlet fever out of each thousand

persons at all ages. Another diagram also shows the distribution of

small-pox mortality by ages in the eighteenth century. In the case of
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measles and scarlet fever nothing has yet been discovered by which im-

munity may be produced at early ages ; but vaccination in the case of

D/ST-/P/BUT-/0/V OF /OOO D£:ATMS r/?0/7 CEJ?TA/J^ C/iUSES
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small-pox has wrought a very decided change in the age distribution of

small-pox mortality, as shown by the second diagram.

The Ggures for making the diagram illustrating the small-pox mortality

in the eighteenth century were taken from the very carefully kept records
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of two English towns, one Scotch town and the city of Geneva in Switzer-

land.

Those which were employed for the diagrams illustrating measles, scarlet

fever and small-pox in the nineteenth century were the experience of the

mortality from these causes in Massachusetts in the period of forty years,

1856-95. The whole number of deaths from these causes in the forty

years was 46,662.

Consumption.

The change which has been constantly progressing in the death-rate

from consumption constitutes one of the marked features of the vital

statistics of most civilized countries at the present day. In a recent num-

ber of " Public Health," a journal published in London, Dr. Hillier* shows

that, if the present rate of decrease in the mortality of this disease is con-

tinued with the same uniform rate for several years longer, its extinction

may be looked for in England within the next half century.

The same rule applied to Massachusetts would apparently show the ex-

tinction of the disease in our population even within a shorter period.

For many years the number of deaths from this disease exceeded 5,000 per

year in Massachusetts, the greatest number occurring in 1885, when there

were 5,955. But not only has the relative number of deaths from this

disease rapidly diminished, but the absolute number has also fallen from

5,955 in 1885 to 4,685 in 1902.

The deaths from this cause in 1902 were 4,685, and constituted 15.9 per

10,000 of the living population, as compared with 42.7 in 1853, a period of

fifty years.

The following table presents the death-rate from consumption in Mas-

sachusetts for the first ten years and the last ten years of the past half-

century :
—

Death-rates from Consumption in Massachusetts per 10,000 Inhabitants.

Ten-year Periods.

Two

1853,

1854,

1855,

1856,

1857,

1858,

1859,
1860,
1861,

1862,

Ten Years,
1853-63.

Death-rates
from

Consumption.

12.7
41.8
41.9
40.8
39.5
38.4
38.9
37.0
36.5
34.3

1893,

1894,

1895.
1896,

1897,

1898,

1899,

1900,

1901,

1902,

Tes Ye\ks,
1893-190a.

Death-rates
from

Consumption.

23.1
22.3
21.9
21.7
20.8
19.7
19.0
18.5
17.5
15.9

* The Prospect of Extinguishing Tnberculosis, by Alfred HUlier, JI.D. Pablic Health, March, 1903.
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In the following diagram the decrease in the death-rate from consump-

tion by ten-year periods in Massachusetts is shown for the half century

Deatm Pates sr 72:// Y^aa? Pe/p/ods r/?oM Con3l/mpt/on

/8S/-60 J86I-70 /87/-80 ^ /88/-90 /890-/900
^0.

1851-1900. The figures for 1901 and 1902 as given below also show the

same general direction of progressive fall in the death-rate.

Deaths and Death-rates from Consumption in Massachusetts, 1831-1902.

Periods.
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Typhoid Fever.

Typhoid fever is an infectious disease to which the term " preventable"

clearly applies. A high death-rate from this cause in any community usually

gives evidence of carelessness or neglect either in the management or con-

trol of the local water supply or of the milk supply. Very many of the

epidemics of this disease which have occurred in the State in recent years

have been traceable to the milk supplies of cities and towns and to careless

and unclean methods of handling such supplies.

In the recent reports of the Board, tables have been presented giving the

statistics of mortality from this cause in the cities of the State since 1871,

showing a fairly uniform decrease since that year. The mean death-rate

of the 33 cities in 1901 was shown to have been but little more than one-

fourth as great as it was in the five-year period 1871-75.

The following table presents the figures for the two years 1901 and 1902

in each city, by which it appears that the mean death-rate in the 33 cities

for the two years 1901-02 was 2.01 per 10,000. The highest death-rates

from this cause were 4.5, 3.5 and 3.5, respective!}', in Newburyport, New
Bedford and North Adams; and the lowest were 0.9, 04 and 0.4, iu Cam-
bridge, Woburn and Marlborough.

Deaths and Death-rates from Tijphoid Fever in the Cities of Massachusetts,

1901-02.

Cities.
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Death-rates of Cities from TyiJhoid Fever per 10,000, 1871-1902.

Massachusetts.

1871-75,
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and unknown, it is impossible to state. It is quite plain, however, that the

decided fall in fatality (ratio of deaths to cases) observed in the past eight

years is coincident with and undoubtedly due to the introduction of anti-

toxin treatment. This is shown not only by figures comprising the deaths

and notified cases, but by the confidence with which the general practitioner

now regards an average case of this disease, and the hope with which he

can usually give assurance of recovery, as compared with the hopeless

character of the disease in earlier times. (See report upon Antitoxin in

latter portion of this volume.)

Glanders,

An unusual prevalence of glanders among horses and the occurrence of

occasional cases among human beings during the past two years renders it

desirable to state certain facts relative to the characteristics of this disease

and the best methods of preventing it among men. During the two years

1901 and 1902, according to the report of Dr. Peters, Chief of the Cattle

Bureau of Massachusetts, 1,482 horses either died from glanders or were

killed in consequence of this disease in the State, these cases occurring in

157 cities and towns scattered throughout the State.

Tlie deaths among human beings from this cause were very few, the

whole number in the sixty years ended with 1901 being only 30.

Glanders is common to horses, mules and asses, and is communicable to

man, these animals constituting the usual source of the disease when occur-

ring in human beings. Persons employed in the care of horses are most

exposed to the disease. In 106 cases collected by Bollinger the occupa-

tions indicate the source of infection, 41 being hostlers, 11 coachmen, 14

owners of horses, 10 veterinary surgeons, 12 horse butchers, 2 horse deal-

ers, etc. Only 5 per cent, were women, and these were girls employed in

stables where there were glaudered borses, or were the wives of hostlers

and drivers. There was but 1 child among the number, and his father was

a coachman.

Infection usually takes place from wounds of tbe hands, from the con-

junctiva, or from the mucous membrane of the nares or throat, these latter

places being infected by contact with the nasal secretions of the horse,

which are thrown a considerable distance by the frequent snorting of tbe

animal.

Cases are on record, though rare, in which it would happen that the virus

entered the system with the food.

While some writers have made a minute classification of the disease, with

many subdivisions, there are only two forms which are of practical interest,

the acute and the chronic forms.

In acute glanders in man there is at first an indefinite feeling of discom-

fort, exhaustion, pain in the head and chilly sensations, together with

vague pains in the muscles and joints. If the virus has entered the system
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through a wound in the skin, this often heals quickly without leaving a

trace. Often the patient complains of gastric disturbance, indigestion and

constipation, which later on gives place to profuse diarrhoea. The liver

may become enlarged and painful, and there may be jaundice.

The pulse is usually small and frequent, though occasionally abnormally

slow. Temperature, 103° to 104°. There is also a feeling of giddiness,

headache, ringing in the ears and sleeplessness.

Later on the pulse becomes weaker, thready, and often increases to

110-140 and more, the temperature rising to 105°. The skin becomes

covered with a cold, clammy sweat, consciousness becoming more and more
cloudy, till the patient becomes comatose, and finally dies.

Prevention. — The methods of prevention consist mainly in the inspection

of animals suspected to be suffering with this disease, their isolation, and

slaughter when found to be suffering with the disease. They should not

be permitted to mingle with healthy animals or even kept in close prox-

imity to them, after a diagnosis of glanders is established. Attendants

who have been in charge of diseased animals should not be allowed to

handle healthy animals until cleaning and disinfection of their clothing and

hands have been performed.

Attendants should look with suspicion upon all horses having a discharge

from the nose, or corded nodules under the skin. They should guard care-

fully against infecting abrasions of the hands, however slight they may
seem, with discharges from diseased horses. Bandages, dressings and in-

struments which have been used about animals or man affected with glanders

are capable of carrying the infection, unless rendered harmless by thorough

disinfection.

Stalls from which animals affected with glanders have been removed

should be thoroughly cleansed with boiling water ; scrapings and sweep-

ings should be scalded and bux'ned. The droppings and the refuse of

fodder should also be scalded or burned.

The harness, particularly the bit, should be either thoroughly scalded,

or soaked in a five per cent, solution of carbolic acid for a few hours, and

then scrubbed with soap and hot water, and dried before being used on a

healthy animal.

The carcasses of dead animals should be deeply buried or burned (A. C.

Abbott, Hygiene of Transmissible Diseases, second edition, p. 197).

"When a local board of health receives notice of the existence of a case of

glanders in an animal within the jurisdiction of such board, they should

immediately give notice to the State Board of Cattle Commissioners.

In the event of a case occurring in a human being, the local board should

notify the State Board of Health, as required by the provisions of chapter

75 of the Revised Laws, section 52.
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Other Preventable Diseases.

In addition to the diseases specifically mentioned in the foregoing sum-

mary, there are others which are worthy of notice, chiefly in consequence

of the fact that each one, with the exception of cholera infantum, shows a.

marked decrease, when the figures of 1901 and 1902 are compared with

those of the earlier five-year periods. The most notable decrease in mor-

tality among the diseases enumerated in this list appears in the columns

headed scarlet fever, dysentery and whooping-cough.

Another column might have been added to show the decrease in the

diseases incident to child-birth, the mortality from which has fallen from 2

and 2.4 per 10,000 living in the two five-year periods 1866-70 and 1871-75,

to 1.4 and 1.2 in the two periods 1891-95, and 1896-1900, or nearly one-

half. A better measure, however, of the mortality from this group of

diseases is found in comparing them with the number of births (living and

still-births together, each case of plural births being counted as one). The

average mortality in five years of the early period was .88 of 1 per cent,

of the births or labors, and that of five later years was .48 only.

There can be little doubt that a large share of this amelioration or im-

provement has been wrought by the effect of sanitary measures, very many
of which are of a decidedly life-saving character.

Deaths and Death-rates m Massachusetts per 10,000 Living from Certain In-

fectious Diseases by Five-year Periods, 1866-1900, and for 1901-02.
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ing out the words " and deaths ", in the same line, and by adding at the end of

said section the words : — The clerk of each city and town shall, on or before the

tenth day of ever}' month, transmit to the secretary of the Commonwealth, upon

blanks to be furnished by him, certified copies of the records of deaths recorded

in such city or town during the preceding month,— so as to read as follows :
—

Section IS. The clerk of each town and of each city containing less than thirty

thousand inhabitants shall annually, on or before the first day of March, the clerks

of cities containing more than thirty thousand and less than one hundred thousand

inhabitants on or before the fii'st day of April, and the clerks of cities containing

one hundred thousand inhabitants or more, on or before the first day of May,

transmit to the secretary of the Commonwealth certified copies of the records of

births and marriages recorded therein during the preceding calendar year, with

certified copies, upon blanks provided by the secretary, of all such recoi'ds and

corrections in records of births and marriages as may not have been previously

returned. The clerk of each city and town shall, on or before the tenth day of

€very month, transmit to the secretary of the Commonwealth, upon blanks to be

furnished by him, certified copies of the records of deaths recorded in such city or

town during the preceding month.

By the terms of this act the work of collecting and tabulating the statis-

tics relating to mortality should be greatly facilitated, since the material

forwarded to the central office from each city and town must now be sent

monthly, instead of after the close of the year.

[Chapter 306.]

An Act relative to Infected Articles.

Section 1. Section ninety of chapter seventy-five of the Revised Laws is

hereby amended by adding at the end thereof the words : — or by the city or

town, as the board may determine. For any article of furniture or wearing ap-

parel ordered to be destroyed by an order of the board of health the city or town

may recompense the owner to an amount not exceeding fifty dollars,— so as to

read as follows : — Section 90. The expense of securing, transpoi'ting and puri-

fying such articles, as fixed *by the board, shall be paid by the owners or by the

city OP town, as the board ma}' determine. For any article of furniture or wear-

ing apparel ordered to be destroyed by an order of the board of health the city or

town may recompense the owner to an amount not exceeding fifty dollars.

[Chapter 358.]

An Act to direct the State Board of Health to investigate the
DUMPING OF Garbage and Rubbish in the Harbors and along the
Seacoast of Massachusetts Bay, and to report as to the Same.

Section 1. The state board of health is hereby directed to investigate the

dumping of garbage and rubbish in the harbors and along the seacoast of Massa-

chusetts Bay, and to report its findings to the general court, with such recommen-

dations as it may deem expedient to provide for the inspection and regulation of

such dumping, and to prevent the strewing of the shores with offensive material,

whereby a nuisance is created.

Section 2. To carry out the purposes of this act the said board is hereby

authorized to expend a sum not exceeding one thousand dollars.
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[Chapter 361.]

An Act relatfv^e to the Sale of Renovated Butter.

Section forty-eight of chapter fifty-six of the Revised Laws is hereby amended

by striking out all after the word " type ", in the twentieth line, and inserting in

place thereof the words : — Whoever violates any provision of this section shall

for a first olfence be punished by a fine of not less than twenty-five nor more than

one hundred dollars, for a second offence by a fine of not less than one hundred

nor more than three hundred dollars, and for a subsequent offence by a fine of

five hundred dollai's or by imprisonment for not less than sixty nor more than

ninety days,— so as to read as follows :— Section 48. Whoever, himself or by

his agent, or as the servant or agent of another person, sells, exposes for sale or

has in his custody or possession with intent to sell, any article or compound which

is produced by taking original packing stock or other butter, or both, melting the

same, so that the butter fat can be drawn oft', mixing the said butter fat with

skimmed milk, or milk, or cream, or other milk product, and re-churning the said

mixture, or by any similar pi'ocess, and is commonly known as process butter,

shall have the words ''renovated butter'''' conspicuously stamped, labelled or

marked, in a straight line in printed letters, not less than one half inch in length,

of plain, uncondensed gothic type, so that said words cannot be easily defaced,

upon the top, side and bottom of every tub, firkin, box or package containing said

article or compound. The seller at retail of said article or compound, which is

not in the original package, shall himself or by his agent, attach to each package

so sold and deliver therewith to the purchaser a label or wrapper bearing in a

conspicuous place upon the outside of the package the words "renovated butter''''

in printed letters not less than one half inch in length, in a straight line of plain,

uncondensed gothic type. Whoever violates any provision of this section shall

for a first offence be punished by a fine of not less than twenty-five nor more
than one hundred dollars, for a second offence by a fine of not less than one hunr

dred nor more than three hundred dollars, and for a subsequent offence by a fine

of five hundred dollars or by imprisonment for not less than sixty nor more than

ninety days.
[Chapter 383.]

An Act relative to Separate Systems of Drainage.

Section 1. The owner of every estate abutting on a public way in which a

drain, namely, a conduit for surface or storm water and such waters as shall be

specified by the state board of health ; and a sewer, namely, a conduit for all

other waters and for sewage, all such other waters to be considered sewage, shall

have been provided by a city or town, and the owner of any other estate, using

any such di'aiii or sewer, shall make or change the plumbing of his estate so that

the waters shall be kept separate from the sewage; and shall, as directed by the

oflScer having chai'ge of the maintenance of sewers in such city or town, make con-

nections for, and conduct, the waters into the drain and the sewage into the sewer.

Sections 2 and 3 of this act are special statutes, and relate to the metro-

politan district only.

Section 4. The supreme judicial court and the superior court shall have juris-

diction in equity to enforce the provisions of this act.
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[Chapter 467.]

An Act to provide further for the Enforcement by the State Board
OF Health of the Laws relating to the Inspection of Food and
Drugs.

Section six of chapter seventy-five of the Revised Laws is hereby amended by

striking out in the second line, the word " eleven "
, and inserting in place thereof

the word : — twelve,— so as to read as follows :— Section 6. The state board of

health may annually expend not more than twelve thousand five hundred dollars

for the enforcement of the provisions of sections sixteen to twenty-seven, inclu-

sive ; but not less than three fifths of said amount shall be annually expended for

the enforcement of the laws against the adulteration of milk and milk products.

By the foregoing act the appropriation annually granted for the enforce-

ment of the food and drug statutes is increased from $11,500 per year to

$12,500. This increase was necessitated chiefly in consequence of the

enactment of chapter 110 of the Acts of 1902, whereby the powers and

duties of the inspector and assayer of liquors were transferred to the State

Board of Health.
[Chapter 480.]

An Act relative to the Production and Distribution of Antitoxin

AND Vaccine Lymph.

Section 1. Section four of chapter seventy-five of the Revised Laws is hereby

amended by inserting after the word " institutions ", in the eleventh line, the

words : — and may, for the use of the people of the Commonwealth, produce and

distribute antitoxin and vaccine lymph,— so as to read as follows: — Section 4.

Said board shall take cognizance of the interests of health and life among the

citizens of the Commonwealth, maRe sanitary investigations and inquiries relative

to the causes of disease, and especially of epidemics, the sources of mortality

and the efl'ects of localities, employments, conditions and circumstances on the

public health, and relative to the sale of drugs and food and the adulterations

thereof; and shall gather such information relative thereto as it considers proper

for diftusion among the people. It shall advise the government relative to the

location and other sanitary conditions of any public institutions ; and shall have

oversight of inland waters, .sources of water supply and vaccine institutions, and

may, for the use of the people of the Commonwealth, produce and distribute

antitoxin and vaccine lymph. It shall annually examine all main outlets of

sewers and drainage of cities and towns of the Commonwealth, and the effect of

sewage disposal, and shall annually report thereon to the general court, with such

recommendations for the protection of the interests of persons and property and

for the prevention of offensive odors and objectionable conditions as it considers

expedient.

IVIanual of Health Laws.

In consequence of the size and expense of the edition of Revised Laws of

the Commonwealth, and the fact that amendments are enacted every year,

it was deemed advisable to publish a manual of the laws relating to public

health, for the use of local boards of health ; and for this purpose a first
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edition of this manual was prepared and published in 1882, and a new edi-

tion has been issued about as often as once in three or four years since that

time.

The publication of the present edition has been legalized by an act of

Legislature (chapter 230, Acts of 1902), which authorizes the Board "to
publish not oftener than once in three years, beginning with the year nine-

teen hundred and two, a manual of the laws relating to boards of health in

this Commonwealth, together with such other information upon the same

subject as the board may deem expedient, the same to be distributed among
the local boards of health throughout the Commonwealth."

This manual contains, in addition to the statutes relating to public health

which appear in the new edition of Revised Laws of 1902, all of the de-

cisions of the supreme court relative to these statutes which have been made
previous to July, 1903. It also contains all of the health legislation of 1902

and 1903, together with other matters pertaining to public health, which

will make it a convenient handbook for all health officials, as well as for

medical examiners, physicians and persons engaged in the sale of food

products.

A portion of the same manual, cotitaining the laws of the State relative

to the sale of food and drugs, will also be issued in a separate form, for the

use of persons engaged in the sale of such articles.

The present edition will be completed and ready for distribution during

the month of November of the present year (1903).

Health of Towns, and Medical and Sanitary Inspection.

During the past five years the Board has maintained a medical and sani-

tary inspector, whose duties are defined in the following vote of the Board

of July 7, 1898 :
—

That a new officer in the administrative and advisory Avork of the Board be
appointed, whose duties shall be controlled by the following regulations: the

special function of this officer shall be the collection of information relating to the

public health of Massachusetts ; the investigation of local epidemics in this Com-
monwealth; the establishment and maintenance of closer relations between the

Board and local boards of health ; and the determination, by skilled inquiry, of the

causes of abnormally high death-rates.

In accordance with this plan. Dr. F. L. Morse was appointed by the

Board in 1898 as its medical and sanitary inspector, and has carried out the

work laid down in this order of the Board continuously since 1898. The
work of this department has proved an efficient aid in the investigation of

the causes of disease, and especially in the prevention of their spread.

Duriug the recent epidemic of small-pox an unusual amount of work was
accomplished in this direction, as may be seen by consulting that portion

of this report which relates to the health of towns ; and efficient aid was
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rendered to local boards of health, especially in the smaller towns, which are

not so fully equipped for sanitary work as the cities and larger towns.

By this means also the State and local boards of health are brought into

closer and more harmonious relation. Another circumstance which has

greatly facilitated the progress of sanitary work in Massachusetts is the

organization known as the Association of Boards of Health, which meets

quarterly, and affords an excellent means for interchange of opinions upon

all the various topics which relate to public health administration. This

organization is open to all persons who are interested in sanitary work.

Water Supply and Sewerage.

The duties of the Board under the provisions of the sections of chapter

75 of the Revised Laws relating to the pollution of water supply and its

sources, and under general and special acts relating to water supply, sew-

erage and sewage disposal and kindred subjects, have been materially

increased by legislation in recent years. A portion of these duties are

advisory, others are experimental, while others still relate to the examina-

tion of water supplies, ice supplies aud rivers, the establishment of rules

for the sanitary protection of water supplies, the examination of sewer out-

lets and of flats and waters from which shell-fish are taken, and the preven-

tion of the pollution of the Neponset River.

This work is carried on under the direction of the committee on water

supply and sewerage of the Board.

Advice to Cities and Towns. — During the year 1902 ninety-three appli-

cations have been presented to the Board for advice with reference to water

supply, sewerage, ice supply, and the prevention of the pollution of streams,

including two applications for rules and regulations for the sanitary protec-

tion of water supplies and one for approval of the location of a public insti-

tution. A copy of the record of the action of the Board in each of these

cases will be found on pages 1-89 of this report.

Examinations of Water Supplies. — The waters of nearly all of the sources

of public water supply of cities and towns of the State have been examined

at least once during the year, by means of a chemical analysis of samples

of the water sent to the laboratory of the Board by the water works authori-

ties. The total number of sources of public water supply in use in the

State is about 24o. In cases where the source is a new one, or the water

is liable to change in character, samples have been collected once a month

and sometimes even more frequently during a portion of the year. In

other cases, where the water appears to change but little from time to time,

only occasional samples have been examined. Nearly all of the samples

of waters of ponds and reservoirs are examined microscopically, as well as

chemically, to determine the quantity and condition of organic matter pres-

ent therein.
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The results of the examinations of water supplies are summarized in the

chapter entitled " Examination of Water Supplies," pages 91-163. In most

cases only the average of the analyses is presented, together with an aver-

age of the analyses of previous years, for comparison. In cases where the

results of the analyses are of general interest and value, the results are

presented in full.

Sanitary Protection of Water Supplies. — Under the provisions of the

Revised Laws, the State Board of Health is authorized to make rules and

regulations for the purpose of preventing the pollution and securing the

sanitary protection of all streams and ponds used by a city, town, water or

ice company as sources of water supply, together with all springs, streams

and water courses tributary thereto ; and during the past year, in response

to petitions, rules and regulations have been adopted by the Board for the

sanitary protection of the water supplies of Rockport and Taunton. These

rules are similar to those previously made in the cases of Danvers, Haver-

hill, Salem, Marlborough, Norwood, Cambridge and the metropolitan water

district. The Legislature has made no definite appropriation for carrying

out the provisions of this act, and there is, consequently, no practicable

way by which the Board can enforce rules and regulations under the

authority of the present statute, and their enforcement is necessarily left to

the local authorities.

The shores of many of the lakes and ponds of the State used as sources

of public water supply are becoming occupied to a greater and greater extent

as places of residence in the summer season, and the free use of such ponds

and lakes by large numbers of people for pleasure purposes in summer is a

grave danger to the health of the people who use the water for drinking.

The duty of protecting the public which uses the water of such sources

for drinking is imperative, and it is practicable to protect adequately most

of the sources of water supply in use in the State at the present time by

the enforcement of sanitary rules.

The difficulty experienced in some cases in protecting the purity of the

water of ponds and reservoirs having dwelling houses in the immediate neigh-

borhood of their shores shows the advantage possessed by those cities and

towns which have secured control of the lands about their sources of supply.

The usual tables of water supply statistics are presented, including rec-

ords of rainfall and of the flow of several carefully measured streams. The
summer season of 1902 was an exceptionally cold one, and the flow of

streams was somewhat less than the normal, as indicated by the flow of the

Sudbury River.

The investigations relative to rivers have been combined with the examina-

tions of sewer outlets, and are presented in a subsequent portion of the report.

Experiments upon the Purification of Sewage and Water at the Lawrence

Experiment Station. — A short summary of the results of the investigations
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made during the year at the Lawrence Experiment Station upon the purifi-

cation of sewage and water is presented in a report by the chemist of the

Board, pages 177-242, inclusive. During the first years of operation of

this station the investigations were chiefly directed to the purification of

sewage by intermittent sand filters, and to establishing a knowledge of the

fundamental principles of successful sewage treatment, — a then little-

understood subject. Many intermittent sand filters are now in operation

in this State and elsewhere, successfully purifying the sewage of cities and

towns. Studies were begun at the station in the earlier years upon rapid

methods of sewage purification. Of late years this subject has assumed

greater importance elsewhere, especially in England and Germany, and a

great amount of attention has been given to it at the station. These stud-

ies include investigations upon the preliminary treatment of sewage before

its application to filters. Contact filters, intermittent continuous filters,

coke and coal strainers, and septic tanks and their operations, are under

investigation. The efl&uents produced by the coarse filters, operated at

high rates, vary so greatly in character, according to the nature of the

material of which the filter is constructed and the manner in which it is

operated, that many special studies are made necessary to determine the

eflSciency and permanency of such filters. During the year a study was

made of the treatment of dye-house waste, etc., and much information

along this line gained. This is not summarized in this report, however,

as the investigation is being continued at the present time.

Studies of the eflSciency of sand filters in the purification of water have

been continued, and the work of the Lawrence city filter in removing bac-

teria from the river water applied to it and the effect of the use of this

filtered water upon the health of the city carefully noted. Studies of the

importance of the bacterial examination of water of different classes have

been continued, and a paper is presented upon page 243, summarizing the

work along this line during the past seven years. This paper also includes

some studies upon the relative viability of B. coli and B. typhosus under a

variety of conditions. Considerable work has also been done during the

past two years in the investigation of bacterial methods for the determina-

tion of the pollution of shell-fish gathered from various sources.

Examination of Sewer Outlets and of the Condition of Rivers and Other

Waters affected by Sewage Disposal. — By the provisions of chapter 104 of

the Acts of the year 1901, the State Board of Health is required to examine

annually all main outlets of sewers and drainage of the cities and towns of

the Commonwealth, and the effect of sewage disposal, and annually report

thereon to the General Court, with such recommendations for the protection

of the interests of persons and property as said Board shall deem expedient,

and for the prevention of offensive odors and objectionable conditions.

In the same year the Board was authorized to examine complaints with

regard to the contamination of tidal waters and flats by sewage or other

causes, and to regulate the taking of shell-fish from polluted waters.
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These two acts are quite closely related, and the work has been carried

on under them simultaneously. The results of the investigations made in

the year 1901 have already been presented in a previous report.

The results of the examination of sewer outlets and the effect of sewage

disposal relate quite closely to the sanitary condition of the various streams

and inland waters of the State, and, in connection with the investigation

of sewer outlets, an examination has been made of all of the various streams

in the State which are polluted by the direct discharge of sewage. The

results of these investigations are presented in a report upon the " Ex-

amination of Sewer Outlets and the Effect of Sewage Disposal."

The objectionable conditions caused by the discharge of sewage into the

sea and the inland waters of the State are mainly of two classes : (1) those

which are caused by faulty construction or location of the sewer outlet

;

and (2) those which are caused by the discharge of an excessive quantity

of sewage into a harbor or stream, thereby polluting the water to such an

extent as to make it offensive for a long distance from the sewer outlet.

The nuisances caused by faulty construction or location of sewer outlets

are in nearly all cases local, and affect only the people of the community

maintaining the outlet. They are remediable by the cities and towns own-

ing and maintaining the sewer outlets.

The objectionable conditions caused by the gross pollution of the water

of streams affect in many cases other communities than those which cause

the nuisance.

The most objectionable conditions existing in any stream in the Common-
wealth, all things considered, are to be found in the Blackstone River, the

condition of which is about the same as it was in the years before works

were first installed for the treatment of the sewage of the city of Worcester.

By the action of the Legislature in 1886 the city of Worcester was directed

to purif}' its sewage ; and further action has been taken in the courts by

the communities living on the river below Worcester, to secure the carrying

out of the provisions of this act. As indicated in this report, a great

amount of work has been and is being done by the city in carrying out the

requirements of the act of 1886.

The Neponset River, which is also a very badly polluted stream through-

out the greater portion of its length, has been the subject of action by the

Legislature, with a view to preventing the entrance of sewage into the

stream and the discharge therein of objectionable manufacturing refuse

until it has been purified.

The North Branch of the Nashua River, which is greatly polluted by the

sewage of Fitchburg and Leominster, and is offensive to sight and smell

for a large part of its length, is probably next in order the most objection-

able case of stream pollution in the State. Plans are already being pre-

pared by the communities which cause the serious pollution of this stream,

which, if carried out, will remove the objectionable conditions here.

A similar condition of gross pollution exists in the Hoosick River below
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North Adams ; and the objectionable condition of the Hoosick River will

continue to grow worse with the growth of the city of North Adams, until

the sewage is purified before being discharged into the stream.

The limit of time within which sewage may be discharged into the Mill

River at Northampton under the act authorizing the construction of a sew-

erage system in the city will be reached in the latter part of 1904, and it

is likely that the sewage of Northampton will be removed to a suitable out-

let before that time.

At Easthampton also the objectionable conditions caused by the present

method of disposal of sewage are likely, by the carrying out of the pro-

visions of a recent legislative act, to be soon removed, by the diversion of

the sewage from the present outlet and by the purification of the sewage.

At Pittsfield much of the sewage of the city, which was formerly the

chief cause of objectionable conditions in the Housatonic River, has been

diverted to the new purification works ; and, with the completion of the

sewerage system and its extension to include the manufacturing wastes in

the city, the further offensive pollution of the Housatonic River in this

region will be removed.

At Webster the provisions of the act authorizing the construction of a

system of sewerage for the town provide for the purification of the sewage,

including the objectionable manufacturing wastes which are the great cause

of the pollution of the French River.

Plans for the purification of the sewage of Middleborough, which greatly

pollutes the Nemasket River, and of Attleborough, which greatly pollutes

the Ten Mile River, were considered by these towns several years ago, but

nothing further has been done.

The gross pollution of the Charles River at Milford will greatly increase

if sewers are extended in the town, unless purification works are established.

A recommendation relative to the prevention of the pollution of the

Sudbury River was presented to the Legislature in 1901.

In the cases of other streams which are polluted by sewage the pollution

has not yet become so great as to make the water of the stream objection-

able to sight or smell, unless in the immediate neighborhood of sewer outlets.

Since 1886, the year when the act for the protection of inland waters was

passed, it has been necessary for cities and towns intending to introduce

systems of sewerage or sewage disposal to submit their proposed plans for

the advice of the State Board of Health ; and nearly all of the acts of the

Legislature relating to sewerage which have been passed within the last few

years have contained provisos requiring the approval of plans of sewerage

and sewage disposal by this Board before the construction of sewerage

works.

In approving plans of sewerage and sewage disposal under these special

acts, the Board has, in all cases where objectionable pollution of a stream

by sewage was liable to result, required the purification of the sewage,

either in the beginning or after a term of years.
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Two cases of gross pollution of streams— those of the Blackstone and

the Neponset— have been dealt with directly by the Legislature.

The worst cases of pollution of streams now existing, excepting the

Blackstone and Neponset rivers, are those caused by the sewage discharged

from cities and towns which have constructed sewers under the geneial

laws or acts which do not require the consideration of the plans by the

State Board of Health.

Of the nuisances caused in this way, some of the more serious are those in

the Charles River at Milford, the Ten Mile at Attleborough, the North Branch

of the Nashua River at Fitchburg and Leominster, the Hoosick at North

Adams and the Nemasket at Middleborough. In these places the sewerage

systems are being enlarged and used to a greater extent from year to year,

and the objectionable conditions caused by the sewage are growing worse.

In some of these cases some preliminary action with a view to removing

the sewage from the streams has been taken ; but, unless the cities and

towns causing these nuisances take action toward preventing them, the

objectionable conditions cannot be removed unless action is taken by the

Legislature.

Under present conditions, some cities and towns have made a large out-

lay in order that a stream may be kept clean, while others, under similar

circumstances, evade the expense of caring properly for their sewage, and

allow it, in most cases, to pollute the water course most convenient for use

as a sewer outlet.

Food and Drug Inspection.

The law which was enacted in 1882, to prevent the sale of adulterated

food and drugs in Massachusetts, has now been in operation for more than

twenty years, the State Board of Health having begun work under the pro-

visions of this act in the winter of 1882-83. All of the general acts and

amendments relating to this topic are now embodied in chapter 75 of the

Revised Laws, and many other statutes relating to special articles of food

are also to be found in chapter 56 of the Revised Laws.

For the purposes of this act the Board employs three chemists and three

collectors of samples, all of whom devote their entire time to the work,

under the direction of the secretary. The collectors are authorized to enter

complaints at court for violations of the law.

The details of this work for the year ended Sept. 30, 1902, may be found

in that part of the present volume entitled " Food and Drug Inspection,"

wherein it appears that 10,470 samples of food and drugs were examined

during the year, bringing up the total number examined since work was

begun, in 1883, to 138,309.

The average expense of collection, examination, etc., per sample for the

whole period was SI. 42, this expense having been reduced from $2.26 per

sample in 1883 to Si. 12 in 1902.

The whole number of prosecutions made during the year was 76, of

which 74 resulted in conviction. The total number of prosecutions made
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in the entire period of twenty years was 1,647, of wbicla number 1,526, or

92.6 per cent., resulted in conviction.

By an act of 1902, the office of assayer of liquors was abolished, and the

duties of this official were transferred to the State Board of Health. The
examination of all samples sent for analysis under the provisions of this

act from the local authorities of cities and towns is performed in the food

laboratory at the State House.

The Production of Vaccine Lymph and Diphtheria Antitoxin.

While the epidemic of small-pox of 1901-02 was at its height, several

questions relating to vaccination were presented to the legislative commit-

tee upon public health, and a bill (House, No. 1369) was introduced April

25, 1902, " To provide for an investigation and report by the State board

of health as to the production and free distribution of vaccine lymph." On
May 22, 1902, the following resolve was enacted (House, No. 1466) :

—
Resolve to provide that the State Board of Health shall investi-

gate the Production of Vaccine Lymph in this State, and also

report a Plan for its Production and Free Distribution.

Resolved, That the state board of health be authorized and requested to i*eport

to the general court as soon as possible a plan for the production and distribution

of pui-e vaccine 13'mph for free use in this Commonwealth ; and also to report as

to the quality of the vaccine lymph in use in this Commonwealth during the past

winter and at the present time, and as to the quality of the vaccine lymph pro-

duced or sold by private persons or corporations in this state, and the methods

and conditions by and under which it is produced.

To this resolve the Board replied as follows (House, No. 1522) :
—

Office of the State Board of Health, State House.

To the House of Representatives,

In reply to the legislative Resolve, No. 1466, relative to an investigation of the

l)roduction of vaccine lymph and a jjlan for its production and free distribution

in Massachusetts, the State Board of Health respectfull}' submits the following

report :
—

We recommend that the plan which has been successfully used by us for the

production and free distribution of the antitoxin of diphtheria since 1895 be also

emplo^'ed for the production and distribution of vaccine. The plan involves the

construction of a building for the animals, to be used for their vaccination, for

the preparation of the vaccine, and for their slaughter after the vaccine is col-

lected and before it is distributed.

After the vaccine is collected it should be sent to the office of the Board, and

distributed to local boards of health in the same manner as the antitoxin of diph-

theria is now distributed. Under the best conditions, such as prevail in thor-

oughly vaccinated countries, where epidemics of smallpox do not occur, the

production of vaccine should be uniform and continuous, and the demand would

depend upon the birth-rate.

Of the nearly 3,000,000 of population of the State, probably 90 per cent, are

vaccinated, and the majority of these have also been revaccinated in the present



1903.] PUBLIC DOCUMENT— Xo. 34. xxxix

epidemic. The future demand should not be based upon th^ population, but

upon the birth-rate, assuming that vaccination is thoroughly carried out by local

sanitary officials.

There would be then required an annual product necessary to vaccinate about

150,000 persons annually, distributed as follows :
—

Children one year of age, 60,000

Arriving at age of ten years (revaccinated), 50,000

Immigrants requiring vaccination, 40,000

150,000

For the expenses of building such an establishment the Board submits

the following estimate, §20,500

For yearly maintenance, including cost of animals, feed, salaries of em-

ployees, supplies of material for vaccine production and expenses of

distribution, 6,500

So far as can be learned by the Board, the supply of vaccine material used in

Massachusetts during the past winter and at the present time has been procured

mainly from sources outside the State. The distance of these sources from Mas-

sachusetts, and the fact that very much of the supply is sold by agents and mid-

dlemen, make this method a source of frequent complaint. Some, but not all, of

the producers appear to be working under favorable modern conditions ; but this

does not alter the fact of their distance, and the frequent difficulties of obtaining

fresh vaccine when it is most wanted.

With reference to the production of vaccine by private parties in Massachusetts,

there are, so far as we can learn, only two such establishments now in operation

in the State, neither of which appears to be conducted upon methods and under

conditions which are now practised by the best authorities. The product of these

establishments ajjpears to have been decidedly diminished by the competition of

outside parties.

A vaccine lymph, in order to fulfil the requirements demanded by such an im-

portant procedure as the immunization of a community safely and efficiently

against small-pox, should be of such quality as to give typical vaccine vesicles

in over 90 per cent, of all susceptible individuals. At the same time it should be,

as far as the most advanced knowledge can make it, free from danger to the

health and life of the vaccinated individual.

1. The relative efficiency or taking quality of any given vaccine can be deter-

mined only by carefully collected statistics of the cases vaccinated with it. Such

statistics must inform us whether the cases were primary or revaccination cases,

since persons vaccinated once or oftener react somewhat diflferently from those not

yet vaccinated.

2. The purity or safety of a vaccine may be endangered:—
(a) By certain infectious diseases of the calf (skin eruptions, tuberculo.sis,

diarrhoea, etc.) yielding the vaccine ; and

(6) By the introduction of extraneous infectious agents from the surroundings

of the animal (stable, feed, attendants, etc.), or an impure lymph used to inocu-

late the calf or cow.

To determine, therefore, the purity and especially the age of vaccine used dur-

ing the past winter in this Commonwealth would be a physical impossibility.
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Vaccine from a number of establishments situated in other States was used in

Boston alone durifig the winter, and only the glycerinated vaccine could be con-

sidered as still effective. The purity of this at the present time would be no index

of its bacterial contents during the winter, as the glycerine slowly desti'oys the

bacteria. Its efficiency could not be tested, as the vaccine itself also slowly

degenerates. Nothing could be learned concerning the condition of the calves

used during the winter, nor to what extent extraneous infection was avoided.*

Any inquir}' concerning vaccine in use at the present time would be equally

barren of results. The animals in establishments outside the State could not be

inspected before use or examined after death. Any examination of the bacterial

contents of the vaccine would have only a relative value, since it is the kind

rather than the number of bacteria which determmes the good or bad quality of

any vaccine, and the determination of the kind of bacteria is a long and compli-

cated process

To determine the condition and purity of vaccine used at present, it would be

necessary for the Commonwealth to send inspectors to the various establishments

having vaccine on sale in this State, to note the condition of the animals and to

witness the autopsy of those that have been used. It would be necessary to

examine the employees, and perhaps even to inquire into the general scientific

capacities of those in charge of such establishments. An examination of the vac-

cine itself would necessitate an enlargement of the present laboratory and the

employment of another bacteriologist. Even then, the testing of so many speci-

mens from many animals would not pay for the outlay, as it would be a wasteful

process, which would not accomplish the end sought.

When we come to the vaccine establishments in this State, the situation is pre-

cisely the same. Only the continual presence of an inspector would give the State

full information of the quality of the vaccine. No amount of costly and detailed

examination of the final product will enable anj^ one to analyze the method used

in preparing it, simply because microscopical and bacteriological methods are in-

adequate to do more than to give a general and somewhat uncertain estimate of the

care used in its preparation. The fact that the microbe producing vaccinia cannot

be seen with the microscope, and that it cannot be studied with bacteriological

methods, makes the whole subject of vaccine production a difficult one, and not to be

controlled at a.distance. Owing to the many minor modifications adopted by the

different establishments, both in Europe and in our own country, in the manufac-

ture of vaccine lymph, it would be necessary for any State inspection to arbitrarily

prescribe cei'tain definite methods to be followed by manufacturers coming under

the jurisdiction of the State. Such prescription of methods would be a practical

assumption of responsibility by the State, and would probably make the business

unprofitable, unless all vaccine pi'oducts made outside of the State were excluded

from competition.

But the process of preparing vaccine lymph has not yet reached that state of

perfection in which rigid rules can be formulated. A certain latitude must be

* The presence of the bacilli of tuberculosis could scarcely be dctermioed, owing to the large amount
of glycerine in the glycerinated lymph. Even if it were attempted to find them, it would require three

to four weeks to obtain any results from the inoculation of animals. The only satisfactory method to

determine the presence of tetanus bacilli in the lymph would be a very difficult problem, owing to the

nature of the tetanus germ. Such dangerous organisms can only be excluded by closing up all possible

ways in which they may be conceived of as entering the vaccine.
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allowed, as a means towards greater perfection. In short, the preparation of vac-

cine lymph cannot be inspected successfully nor the product tested satisfactorily

without reference to its preparation ; and, in the opinion of the Board, every

detail in this preparation must be made subject to a constant and competent super-

vision, which would be diificult within the State and impossible outside of it.

By order of the State Board of Health,

Saml. W. Abbott,

,
Secretary.

The subject was finally referred to the State Board of Agriculture by the

following resolve, enacted June, 1902 :
—

Resolved, That the state board of agriculture is hereby authorized and directed

to investigate as to the feasibility and probable cost of producing vaccine lymph

at the Massachusetts agricultural college, for free distribution within the Common-

wealth, and to report the result of such investigation, together with such recom-

mendations as the board may consider advisable, to the general court on or before

the fifteenth day of January in the year nineteen hundred and three.

The production of diphtheria antitoxin has been conducted by the Board

for the past eight years, the product having been distributed to boards of

health throughout the State. It has undoubtedly proved a great aid in

diminishing the fatality of this disease, and in the consequent saving of

human life, especially among those who could not afford to pay for the

product at the prices usually charged for it. A full report upon this subject

appears in this volume, in which it is shown that 33,475 bottles or packages

of 1,500 units each were issued during the year, this amount being 6,736

less than were distributed in the preceding year, in consequence of a dimin-

ished prevalence of the disease.

The progress of bacteriological diagnosis among local boards of health

during the same period of eight years has evidently wrought a change in the

use of diphtheria antitoxin, since on consulting the full file of reports for

the eight years it appears, on comparison of the early and late years of the

period, that in the first two years of the use of the Board's antitoxin in the

State (1895-96) the cases which were determined to be positive and were

treated with antitoxin constituted only 43.7 per cent, of all cases treated.

On the other hand, the ratio of such cases treated in the last two years

(1901-02) constituted 74.9 per cent, of all cases treated.

The fatality of such cases determined to be positive was only 9.9 per

cent. ; while the fatality of cases in which no bacteriological examination

was made was, for the whole period of eight years, 12.6 per cent. ; the

reason for the difference being the fact that a considerable number of neg-

lected cases is brought to the attention of the hospital authorities and of

general practitioners when such cases are in extremis., and bacteriological

examination is of little avail, but antitoxin treatment is employed as a last

resort. Hence the increased fatality of this class of cases.



xlii STATE BOARD OF HEALTH. [Jan.

Baking Powders.

During the legislative sessions of 1901-02 several questions relating to

the healthfulness of baking powders and the regulation of the sale of such

products were brought to the attention of the Legislature. In 1901 the

question came up in the form of an order, addressed to the State Board of

Health, April 29, 1901, directing the Board ito transmit answers to the

following questions (House, No. 1387) :
—

First.— What articles of food or drink and what articles that enter into food or

drink sold or oflfered for sale in this Commonwealth contain any salts of copper,

and are said salts of copper in the combination specified deleterious to health ?

Second.— What articles of food or drink and what articles that enter into food

or drink sold or oflfered for sale in this Commonwealth contain any salts of alum-

inum, and are said salts of aluminum in the combination specified deleterious to

health ?

Third. — What articles of food or drink and what articles that enter into food

or drink sold or oflfered for sale in this Commonwealth contain any salts of zinc,

and are said salts of zinc in the combination specified deleterious to health?

James W. Kimball, Clerk.

A true copy : Attest

:

James \V. Kimball, Clerk.

To these inquiries the Board replied as follows :
—

First.— Copper salts have been found by the Boai'd in many instances in canned

vegetables, mostly of French origin, the object of the addition being to give the

vegetables a fine green color. The Board has examined a large number of sam-

ples in the last thirteen years, and in the year 1891 made a systematic examina-

tion of all the French brands procurable in the Commonwealth, with the following

results: —

Character of Goods.
Number in v- t ^

which Copper ^ umber free

was found. ^•""m Copper.

Total
Samples
examined.

French canned peas,

French canned string beans, ....
French canned Brussels sprouts,
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tial ingredient in some baking powders. Its use in pickles is not at all common
;

its addition to cream of tartar is to be regarded as a cheap substitute, since, like

cream of tartar, it has leavening power when used with an alkaline bicarbonate.

When baking powders containing salts of aluminum are used for making bread,

biscuits, cakes, etc., the aluminum compounds remain in the bread in a somewhat

altered condition, but from the facts at its disposal the Board is unable to express

a definite opinion whether bread and similar products, as ordinarily made with

baking powders of this character, are deleterious to health.

Third. —Z'mc salts are very seldom found in food products in Massachusetts.

Instances of the presence of zinc in dried apples were referable to the fact that

the apples were dried on galvanized sheet iron.

The Board has investigated the question of the presence of zinc in drinking

water supplies where galvanized iron pipes are used, first in 1874 and recently in

1899. Except in the case of the use of some ground waters, containing very large

amounts of free carbonic acid, which dissolves zinc and many other metals very

freely, the amount of zinc found in ordinary water supplies, where galvanized

pipes are used, is not sufficient, in the opinion of the Board, to give anxiety.

Henry P. Walcott,
For the State Board of Health.

In 1902 the subject was again brought to the attention of the Legisla-

ture, and an order was issued directing the State Board of Health to " make

a scientific and thorough physiological investigation of the healthfulness of

baking powders, making such tests as will demonstrate whether or not any

brands of baking powder on sale in this Commonwealth are prejudicial to

health ; and whether the introduction into food of an article in small quan-

tities, which ordinarily would be harmless, would, when taken by a person

in feeble health or dietetically disordered, eventually undermine the system ;

and that said Board make such recommendations to the next General Court

as the result of said investigation shall in its opinion warrant." To this

order the Board replied as follows :
—

The Board would respectfully reply that it has been unable to carry out the

order of the General Court, owing to the very great difficulties which such an

examination presents. An investigation of this character which would lead to

results that would be conclusive and indisputable, and which would enable this

Board to make a definite report to the Legislature, would involve the expenditure

of a large amount of money for a special laboratory, and for the services of physi-

ological chemists who could have under their complete control for a considerable

period of time many men, women and children, determining the condition of their

organs of digestion and excretion, and analyzing all the food they consumed, and

as well all their excreta. This could only be done in a large public or private

institution, and could only be carried out with the consent and co-opei'ation of

those on whom the experiments were tried. While such an investigation under

these conditions would be feasible, it must be said that it has not hitherto been

the practice of the State to experiment on persons under its care and control.

In the opinion of the Board, experiments on animals would not yield informa-

tion which would be conclusive with regrard to man.
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Illuminating Gas.

In consequence of the great frequency of deaths from gas poisoning

which have occurred since the repeal of the act limiting the amount of car-

bonic oxide in illuminating gas, a legislative hearing was given during the

session of the General Court, and the following questions were submitted

by the Legislature to the State Board of Health on March 24, 1902. The
reply of the Board, together with the questions submitted by the Legisla-

ture, was as follows (House, No. 1256) :
—

Office of State Board of Health, State House,
Boston, March 31, 1902.

To the, House ofReprtsentatives, State House, Boston.

I have the honor to submit herewith the reply of the State Board of Health to

the questions submitted to the Board by your honorable body on March 24, 1902.

Respectfully submitted,

Samuel W. Abbott,

Secretary State Board of Health.

Office of State Board of Health, State House,

Boston, March 31, 1902.

Replies to questions submitted to the State Board of Health by the Legislature,

March, 1902: —
1. What is the most dangerous element of illuminating gas?

Carbonic oxide.

2. What per cent, of this element is contained in coal gas ?

About 7 per cent.

What per cent, in water gas ?

About 3U per cent.

3. Is the dangerous nature of the gas increased in proportion to the increase in

per cent, of this element?

Yes.

4. How is death caused by inhalation of water gas ? State physiological action.

Death is caused by changes in the chemical composition of the blood, by the

substitution of poisonous carbonic oxide gas for the oxygen which is normally

contained in the blood.

5. How is death caused by inhalation of coal gas ? State physiological action.

While less in degree, the action is the same as in water gas.

6. Is it more difficult to detect a leaking pipe when water gas is used than when
coal gas is used ?

No.

7. If a person is asphyxiated by illuminating gas, does the danger increase in

proportion to the carbonic oxide it contains?

Yes.

8. What are the chances of recovery, after removal from the source of poison-

ing, of a person asphyxiated by coal gas ? Water gas ?

Other things being equal, the experience in Massachusetts shows that the
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chances of recovery under exposure to escaping coal gas are many times greater

than they are under similar exposure to escaping water gas.

9. Which is it easier to blow out the flame from, coal or water gas? Why?
We do not know.

10. Has there been an increase or decrease in the number of deaths from gas

poisoning since the introduction of water gas?

A verj' decided increase.

11. If there has been an increase or decrease, what is the per cent, of increase

or decrease ?

In the thirteen years previous to the introduction of water gas in Massachusetts

(1876-88) the number of deaths registered as due to poisoning from illuminating

gas was 8. The foregoing deaths were, so far as can be learned, caused by the

inhalation of illuminating coal gas. In the thirteen jears followmg the introduc-

tion of water gas (1889-1901) the number of deaths registered as due to illumi-

nating gas poisoning was 459.

12. Has the danger from brolien or leaking pipes or mains inci-eased or dimin-

ished since the introduction of water gas?

It has increased.

13. What per cent, of carbonic oxide is a safe limit for illuminating gas to

contain ?

Further than has been already said in answer to Question 3, that the danger in-

creases with the amount of carbonic oxide present, the Board does not know that

there is any safe limit.

14. What is the difference in effect of carbonic acid gas and the carbonic oxide

of illuminating gas ? State physiological effect.

Carbonic acid gas produces asphyxia by interference with respiration and with

the renewal of the blood by aeration in the lungs ; the carbonic oxide gas of il-

luminating gas effects a chemical poisoning of the blood, taking the place of the

oxygen carried in the blood corpuscles, and rendering the blood unfit to support

life.

15. State number of deaths from gas poisoning in Boston for the last ten years.

How does this number of deaths from gas poisoning in the city of Boston for the

years 1898 and 1899 compare with the deaths of the last two years, 1900 and 1901 ?

The number of deaths recorded as due to poisoning from illuminating gas in

Boston in the ten years, 1892-1901, was as follows :
—

In 1892,

In 1893,

In 1894,

In 1895,

In 1896,

In 1897,

14

23

25

33

42

45

In 1898,

In 1899,

In 1900,

In 1901,

Total,

58

51

25

14

The deaths from this cause in Boston in 1898 and 1899 were

Those in 1900 and 1901 were

320

109

39

16. Is there any relation between the deaths occurring in these various years

and the increased or decreased use of coal and water gas ?

Yes.

17. If there is, what, in your opinion, is the relation ?
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That of cause and effect, the greater minibei" of deaths corresponding to the in-

creased use of water gas.

18. Does the continuous absorption of gas in quantities not sufficient to cause

asphyxiation tend to the development of disease, such as consumption or heart

disease, or may it undermine the system so that these or other diseases may find

it easy of attack ?

In the present state of our knowledge, a definite answer to this question is not

possible.

19. Is there any diS'erence between the effect of coal gas or water gas in this

regard ?

We do not know.

20. Can coal and water gas be mixed so as to bring the per cent, of carbonic

oxide down to a safe point ?

We have not been able to ascertain this fact by experiment.

Henry P. Walcott,
Gerard C. Tobey,

F. W. Draper,

Julian A. Mead,
Chas. H. Porter,

Hiram F. INIills,

James W. Hull,

State Board of Health.

Resignation of Dr. Draper.

Dr. F. W. Draper, a member of the Board since its reorganization, hav-

ing resigned in July, 1902, the Board voted to place upon its records the

following statement in recognition of his valuable services :
—

Dr. F. W. Draper, a member of the Board since its reorganization in 1886, has

felt himself obliged to resign his place. This Board now places on record its

regret for the loss of a much-esteemed associate, a highly qualified and devoted

expert in all questions affecting the public health.

Routine Work op the Board.

During the year ended Sept. 30, 1902, the Board held meetings as often

as once a month, and meetings of its standing committees were held as

often as were necessary for the transaction of special business. Hearings

were held at the office of the Board with reference to the sewerage and

sewage disposal of Taunton, on JanJ 2, 1902, and at the City Hall in

Taunton on Jan. 22, 1902.

On June 5 the Board visited Pittsfield, held its annual meeting in that

city, and visited the new sewage works of the city.

The office of the Board has been open throughout the year, as prescribed

by the Revised Laws, chapter 18, section 13, " for the transaction of its

authorized business." Advice has been very frequently given at the ofl3ce

and by mail to local boards and to individuals in regard to sanitary mat-

ters, and many visits have been made by the officials of the Board to cities

and towns for the purpose of making investigations and giving advice.
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The office of the Board is virtually a central station for the distribution

of the antitoxin produced by the Board, and for the various culture tubes,

receptacles and other means employed for the diagnosis of disease. For

this purpose the office of the Board has been open throughout the year on

such days and at such hours as are prescribed by the statutes ; and the ex-

istence of a central office of this character has proved a. most efficient aid to

those boards of health which could not maintain local laboratories of their

own.
Statistical Table for the Year ended Sept. 30, 1902.

Whole number of samples of food and drugs examined during the

year, 10,470

Samples of milk examined (included in the foregoing), . . . , 6,256

Whole number of samples of food and drugs examined since beginning

of work in 1883, 138,309

W^hole number of samples of milk examined since beginning of work
in 1883

Number of prosecutions against offenders during the year,

Number of convictions daring the year, ....
Amount of fines imposed during the year.

Number of packages of antitoxin of 1,500 units each issued to cities and

towns,*'

Number of bacterial cultures made for the diagnosis of diphtheria in

cities and towns,*

Number of examinations made for diagnosis of tubei'culosis,*

Number of examinations of blood made for diagnosis of malarial in

fection,*

Number of examinations of blood made for the diagnosis of typhoid

fever,

Number of notices of cases of infectious diseases received and recorded

under the provisions of chapter 302, Acts of 1893,f

Number of postal-card returns of mortality for cities and towns received

and recorded,t about

Number of annual reports of cities and towns received under the pro

visions of Acts of 1894, chapter 218, :|:

Force employed in general work of Board at central office, State House :
—

Secretary,

Medical inspector,

Clerks,

food and drua:

Total,

Force employed at central office, State House, Boston, fo

inspection, chemists and assistants.

At Amherst,

Inspectors,

Total,

* For the year ended March 31, 1903. t For the calendar year 1902.

t Cities and towna having a population of more than 5,000 in each.

76,119

76

74

J,617 98

33,475

2,904

928

61

217

33,933

2,000

94

1

1

3
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Force employed at laboratory (Bussey Institute) :
—

Pathologist, 1

Assistants, 6

Total,

Under the Provisions of Chapter 375, Acts of 1888.

Applications for advice from cities, towns and others :
—

Relating to water supply, .

Relating to ice supply.

Relating to sewei'age and drainage,

Relating to pollution of streams,

Miscellaneous, ....
Total,

54

6

19

10

4

93

Number of samples of water examined chemically and microscopically

at the laboratory. Room 502, State House, 4,328

Number of samples of sewage and effluent from sewage purification

works examined chemically at the laboratory. Room 502, State House, 825

Number of samples of sewage, water and ice examined chemically and

bacterially at the Lawrence Experiment Station, 1,921

Number of samples of sand examined chemically at the Lawrence Ex-

periment Station, 188

Number of samples of sand examined mechanically at the Lawrence

Experiment Station, 170

Number of samples of water and ice examined for B. coli communis in

one and 100 cubic centimeters at the Lawrence Experiment Station, . 3,390

Additional samples examined bacterially at the Lawrence Experiment

Station, 3,883

Number of shell-fish examined for B. coli, 373

Total number of samples examined, 15,073

Force employed at central office :— *

Chief engineer, 1

Assistant engineers, 6

Stenographers and clerks, 3

Messenger, 1

— 11

At laboratory. Room 502, State House :
—

Chemist, 1

Assistant chemists, ,5
Biologist, 1

Stenographer, 1

Not includiDg force employed under provisions of cliapter 65 of the Resolves of 1899.
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At Lawrence Experiment Station :
—

Assistant chemists,

Bacteriologists, ....
Other assistants and laborers.

Total ordinar}' force.

2

2

2
— 6

25

The number of applications for advice under the provisions of the acts

relating to water supply and sewerage, received since July, 1886, when

these acts first went into operation, is as follows :
—

1886,
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Amount broughtforward, .

Express charges, . .

Extra services, ....
Messenger, ....
Postage and postal orders,

Telephone and telegraph messages,

T3'pe writer supplies,

Special investigations,

Sundry office supplies and incidental expenses

Laboratory supplies,

f 14,404 13

245 26

353 06

40 10

304 45

79 04

^ 75

8 83

555 17

1,066 29

$17,060 08

Expenditures at Pathological Laboratory at

Salaries,

Purchase of animals, ....
Board of horses, .....
Food for animals, .....
Apparatus, chemicals and laboratory supplies

Ice,

Postage,

Stationery, ....
Books,

Rental of telephone and messages,

Services of veterinaiy surgeon,

Repairs on stable,

Express charges.

Forest Hills.

f3,290 00

160 55

1,803 53

108 15

924 97

26 15

2 92

1 75

5 00

168 75

6 00

47 75

16 62

Total,

6,562 14

23,622 22

Under the Provisions of the Food and Drug Ads during the Year ending Sept. 30,

1902.

Appropriation,

Salaries of analysts,

Salaries of inspectors, .

Travelling expenses and purchase

Apparatus and chemicals,

Printing, ....
Services (cleaning laboratory),

Express and postage, .

Sundry laboratory supplies,

.

Books,

Extra services (stenographer),

Total

of iples.

$11,500 00
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Appropriation .

For carrying out the provisions of the act to proitci the purity of

inland waters, and to require consultation with the State Board of

Health regarding the establishnaent of systems of water supply,

drainage and sewerage, .

Salaries, including wagesof laborers at Lawrence Experiment Station,

Apparatus and materials,

Rent of Lawrence Exi)einment Station,

Use of tools and office, Lawrence Experiment Station

Ti'avelling expenses,

Express charges,

Stationery and drawing materials.

Books, maps and blue- prints, ....
Services, reading gauges and collecting samples.

Telephone messages,

Special investigations,

Miscellaneous, .......
Reconstructing laboratory building at Lawrence,

Total, 133,999 44

$34,000 00
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ADVICE TO CITIES AND TOWNS.

Under the provisions of the Revised Laws (chapter 75, section

117) the State Board of Health is required to

consult with and advise the authorities of cities and towus and persons

having, or about to have, systems of water supply, drainage or sewerage

as to the most appropriate source of water suppl}-, and the best method of

assuring its purity or as to the best method of disposing of their drainage

or sewage with reference to the existing and future needs of other cities,

towns or persons which may be affected thereby. It shall also consult

with and advise persons engaged or intending to engage in any manufac-

turing or other business whose drainage or sewage may tend to pollute any

inland water as to the best method of preventing such pollution, and it

may conduct experiments to determine the best methods of the purification

or disposal of drainage or sewage. No person shall be required to bear

the expense of such consultation, advice or experiments. Cities, towns

and persons shall submit to said board for its advice their proposed system

of water supply or of the disposal of drainage or sewage, and all petitions

to the general court for authority to introduce a system of water supply,

drainage or sewerage shall be accompanied by a copy of the recommen-

dation and advice of said board thereon.

During the year 1902 the Board lias given its advice to the fol-

lowing cities, towns and persons who have applied for such advice

under the provisions of the general act (Revised Laws, chapter 75,

section 117) or under special acts relating to water supply and

sewerage.

Official communications were made during the year under the

provisions of acts relating to w^ater supply as follows :
—

Adams Fire District.

Ashfield.

Bedford (school committee).

Deerfield (South Deerfield Water Sup-

ply District) (two).

Everett.

Brookline (Holzer-Cabot Electric Com- Framingham (Dennison Manufacturing

pany). i Company).
Concord (Massachusetts Reformatory). Franklin (W. J. Whiting).

Concord (Middlesex School). I Gloucester.
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Greenfield (Wiley & Russell Manufac-

turing Company).

Hadley.

Hingham.

Holyoke (two).

Holyoke (\Vm. Skinner Manufacturing

Company).

Hyde Park (three).

Lawrence (two).

Leominster.

Lexington.

Lynnfield (J. F. Smith).

Manchester (two).

Milford.

Milton (^ three).

Milton (Oliver H. Flanders).

Montague (Miller's Falls Company).

Nantucket (Siasconset).

Natick.

Norton.

Palmer.

PIJ-mouth.

Rockport.

Salisbury (Wm. Behan).

Scituate.

Shirley.

Southborough.

Springfield (two).

Stoughton.

Sturbridge (Fiskdale Mills).

Sunderland

Tewksbury.

Watertown (Hale House Farm).

Wellesley (Wellesley College).

Whately.

\Vliitman (two).

Worcester.

Official communications were made during the year under gen-

eral and special acts relating to sewerage and sewage disposal, as

follows :
—

Bridgewater.

Hull (Fort Revere).

Lancaster.

Manchester (Essex County Club).

Maynard(American Woolen Company).

Northbridge (W^hitinsville).

Plymouth (two).

Revere.

Swampscott.

Taunton.

Waltham.

Wellesley (two).

Westfield.

Wrentham.

Replies were also made during the year in answer to applications

from the following authorities and individuals for advice relative to

sources of ice supply :
—

Boston (the Commonwealth Hygienic

Ice Company).

Easthampton (Delos T. Pepin).

Franklin (board of health).

Holyoke (board of health).

Marblehead (board of health).

New Bedford (board of health).

Replies were also made in answer to applications for advice rela-

tive to the pollution of ponds, streams and other bodies of water,

as follows :
—

Agawam.
Charles River Dam Committee.

Cohasset (the cemetery committee).

Harwich (Wychmere Harbor).

Hudson.

Manchester.
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Mattapan Improvement Association

(Neponset River).

Northborough.

Waltham.

Westborough (two).

West Springfield.

Weymouth.

Rules and regulations for the sanitary protection of sources of

water supply were made for the following authorities :
—

Water Commissioners of Rockport.
[
Water Commissioners of Taunton.

The Board also approved the location of a tract of land in Graf-

ton, Westborough and Shrewsbury, proposed for a colony of the

insane in connection with the Worcester Insane Asylum.

Water Supply.

The following is the substance of the action of the Board during

the past year in reply to applications for advice relating to water

supply :
—

Adams.
Nov. 6, 1902.

To the Prudential Committee of the Adams Fire District, Adams, Mass.

Gentlemen : — The State Board of Health received from you on Sep-

tember 9 an application, under the authority of section 117 of chapter 75

of the Revised Laws, giving notice of your intention to introduce a sys-

tem of water supply in the town of Adams, and requesting the advice of

the Board as to the most appropriate source of supply.

Some time before the application was received test wells had been sunk

in the valley of the Ho'osick River a short distance above Cheshire Harbor,

and at your request the Board caused samples of water sent in by you

from these wells to be analyzed. Soon after the application was received

the Board caused the locality to be examined by its engineer, and addi-

tional samples of water to be collected for analysis after water had been

flowing continuously from the wells for a considerable time. The evi-

dence furnished by the rale of flow from these wells and by the freedom

with which water could be pumped from them indicates that a large yield

of water can be obtained from the ground at this place.

The water of all the samples collected was found, upon analysis, to be

clear, colorless and odorless, but quite hard, and the hardness increased

after a considerable quantity of water had been flowing from the wells.

The Board is informed that you propose to pump water from these wells

into Bassett Brook Reservoir, and supply it thence to the town after it

has mingled with the water of the reservoir. The results of numerous

analyses of the water of Bassett Brook, one of your present sources, show

that its hardness averages about 3.2 parts per 100,000 during the dry por-
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tion of the year, and the water of the Dry Brook source is somewhat harder.

Measurements of the flow of the streams show that the yield of the Bas-

sett Brook source was less than 300,000 gallons per day and that of Dry

Brook less than 100,000 gallons per day, and if the consumption of water

in the town is as great as it was found to be from measurements made

in 1895, — and the indications are that it has not decreased, — a very

large proportion of the water used by the town in the summer season

will, in the future, be obtained from the proposed new wells. Under

these conditions, the hardness of the water supplied to the town in the

summer season is likely to vary greatly from time to time. At times of

high flow in the streams the yield of the brooks is likely to supply nearly

all of the water required, while in times of very dry weather the greater

portion of the supply will come from the new wells.

While sudden changes from hard to soft and again to hard water are re-

garded as undesirable, the data at hand are not sufficient to prove that the

mixture of hard and soft water in the reservoir, and its consequent varia-

tion in hardness, will be prejudicial to health. The Board is of the opin-

ion that the proposed arrangement will be an improvement upon the

present system, and regards its adoption as permissible under the circum-

stances, but in making any future change in your sources of water supply

the Board would advise that you procure a water of less hardness and more

constant in character.

ASHFIELD.
March 6, 1902.

To E. D. Church, A. C. Howes and F. H. Smith, Committee on Water Supply of

the Town of Ashfield.

Gentlemen : — The State Board of Health has considered your appli-

cation for advice with reference to a proposed water supply for the village

of Ashfield, to be taken from Taylor Brook, so called, located south-west-

erly from the village, and has caused the proposed source to be examined

and a sample of its water to be analyzed. The Board has also caused

examinations to be made of the waters of Creamery and Bear Swamp
brooks, referred to in the report of your engineers accompanying the

application.

The results of the analyses of samples of water from these sources indi-

cate that either of them would furnish water of good quality for the sup-

ply of Ashfield. The water of Creamery Brook was of considerably better

quality than that of the other two sources at the time these examinations

were made, and the water of Taylor Brook, while somewhat softer and less

colored than that of Bear Swamp Brook, contained a larger quantity of

organic matter than the water of the latter source and a considerably

larger quantity than the water of Creamery Brook. Bear Swamp Brook

has a larger water-shed than either of the others, but it is probable, so far
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as can be judged from the information available to the Board, that a suffi-

cient quantity of water for the supply of Ashfield could be obtained from

either of the sources mentioned.

It is not possible to determine from examinations made at this season

of the year the probable quality of the water of these sources at other

seasons, nor has it been practicable, on account of the depth of snow, to

make a sufficient examination of the water-sheds to determine which of

these sources is likely to be the most desirable one for Ashfield.

The Board would advise that further examinations of the waters of

each of these sources be made, and the Board will make the necessary

analyses of these waters if you will collect the samples.

Bedford.
Oct. 2, 1902.

To the School Committee of the Town of Bedford.

Gentlemen : — In response to your request for an examination of the

water used for the supply of the public schools of Bedford, which,

the Board is informed, is taken from a well located on the premises of

J. B. Prescott on North Street, near the central portion of the village,

the Board has caused the well and its surroundings to be examined and a

sample of the water to be analyzed.

The results of the analysis show that the water entering this well has

been seriously polluted by sewage and partially purified in its passage

through the ground. A water having such an analysis, with cesspools and

other receptacles for sewage near at hand, cannot be regarded as a safe

drinking water.

The Board would advise that a supply of water for the schools be

secured from a source of known purity. The open space south-west from

the school-house, as much as 200 feet from any evident source of pollu-

tion, may be a good location for a well.

The Board will assist by making analyses of water from sources you

may select which, from their surroundings, give promise of safety.

Brookline (Holzer-Cabot Company).
Nov. 6, 1902.

To the Holzer-Cabot Electric Company, Brookline, Mass.

Gentlemen : — The State Board of Health has considered your appli-

cation for advice as to the quality of the drinking water of two driven

wells on the premises occupied by the company between Station Street

and Andem Place in Brookline, and has caused the locality to be exam-

ined by one of its engineers and samples of the w'ater of the wells to be

analyzed.

The wells are located in a densely populated part of Brookline, and

the analyses show that the water has evidently at some time been greatly
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polluted by sewage and not completely purified in its passage through the

ground to the wells.

In the opinion of the Board this water cannot be considered safe for

drinking.

Concord (MASSACnrsETTS Refokmatory) .

Jan. 1, 1903.

To the Board ofPrison Cominissio7iers, Mr. Frederick G. Pettigrove, Chairman.

Gentlemen : — The State Board of Health received from you on Oct.

6, 1902, an application stating that under the authority of a resolve

passed by the Genei*al Court of 1902 you were investigating the practica-

bility and expediency of supplying the Massachusetts Reformatory at

Concord with water from Nagog Pond, so called, in the towns of Acton

and Littleton, and requesting the advice of the Board relative to the pro-

posed source of supply. Subsequently, plans were received showing the

pond, and the location and profile of a proposed pipe line from the pond

to the reformatory.

In response to your application the Board has caused the pond and its

surroundings to be examined by its engineer, and has considered the plans

and information submitted therewith and the results of analj^ses of sam-

ples of the water of the pond collected at various times during the past

three years.

The results of the analyses show that the water is nearly colorless and

otherwise of good quality for a surface water. It has occasionally, in

common with most surface waters from similar sources, a noticeable taste

and odor, due probably to the presence of microscopic organisms, but the

results of the microscopical examinations of this water do not show that

it contains very large numbers of such organisms at any time, and it is

unlikely, judging from these examinations, that the water will be notice-

ably affected by taste or odor except at infrequent intervals.

The pond will yield a much larger quantity of water than is necessary

for the supply of the Massachusetts Reformatory, and, in the opinion of

the Board, the pond would be a suitable source of supply for that institu-

tion.

The right to take a part or all of the water of this pond has already

been granted to the town of Concord (chapter 201 of the Acts of 1884),

and "the Board is informed that the act authorizing the taking of water

from the pond by that town has been accepted. It seems likely that

the town of Concord will require an additional water supply in the near

future, and the construction of works for the joint supply of the town

and reformatory would materially lessen the cost to each if arrangements

were made for an equitable division of the cost.

The water-shed of Nagog Pond contains a very small population, but

there are many cottages about its shores which are occupied in the sum-
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mer season, aud it will be necessary, if the pond is to be used as a source

of -water supply, that control be obtained of the shores of the pond for a

sufficient distance back from the water to prevent pollution from cottages

and from those resorting to the pond for boatiug, fishing and bathing.

While tests have been made with a view to obtaining a supply of ground

water for the institution, without favorable results, further investigations

might show that it is practicable to obtain an ample quantity of ground

water for the supply of the reformatory from some place in its neigh-

borhood. A supply of good ground water would be more satisfactory,

on account of its freedom at all times from taste and odor, than the water

of Nagog Pond, and the cost of works for obtaining a ground-water sup-

ply might be somewhat less, on the whole, than the cost of a supply from

Nagog Pond.

In view of the circumstances, it seems desirable, in the opinion of the

Board, that further investigations should be made with a view to obtaining

a supply of ground water, in order that the cost of such a supply may be

compared with the cost of works for. taking water from Nagog Pond.

Concord (Middlesex School).
Jan. 1, 1903.

To Mr. Frederick Winsor, Head Master, Middlesex School, Concord, Mass.

Dear Sir :— The State Board of Health received from you on June

28, 1901, an application for advice with reference to a system of water

supply for the Middlesex School in Concord, containing the following out-

line of your proposed plan :
—

It is proposed to secure a supply from the ground by means of driven wells or

some other method, either from the valley of Spencer Brook or the valley above

Bateman's Pond.

Test wells are to be driven at once to ascertain if water can be secured in either

location and which location is the best.

It is intended to provide a supply for the use of about 250 people, and such uses

about the grounds of the school as may be desired. After the tests are made, if

the result is satisfactory, plans will be prepared for 3-our examination.

Subsequently test wells were driven at the places indicated in your

application, and the Board caused an examination of the locality to be

made by one of its engineers and samples of water from some of the

test wells and from Bateman's Pond and Spencer Brook, two surface

water sources in the neighborhood, to be analyzed. The results of the

analyses were sent to your engineer.

Since that time a filter has been constructed for the purification of the

water of Bateman's Pond, which is now being used as the source of water

supply of the school. The water-shed of this pond is uninhabited except

at the school buildings, and with all sewage from them conveyed out of
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the drainage area, the source is not exposed at the present time to dan-

ger of sewage poUutiou. Analyses of this water show that it is highly

colored and contains an excessive quantity of organic matter in the sum-

mer season, but analyses of the water after passing through the filter show

that its quality is greatly improved, although it has occasionally a notice-

able odor when heated. In other respects the filtered water is of good

quality for the purposes of a domestic water supply.

Pond waters containing large quantities of organic matter sometimes

become nearly devoid of oxygen in the warmer portion of the year, and

at such times are difficult to purify by filtration in the usual way. The

circumstances are such, however, that very little water is required for the

school in the summer as compared with the remaining portion of the year,

and by operating the filter intermittently and at as low a rate as possible,

good results may be secured at all times with the present works if the fil-

ter receives proper care and the quantity of water required by the school

does not materially increase.

Deerfield (South Deerfield Water Supply District).

June 5, 1902.

To the Commitiee on Water Siquily of the Village of South Deerfield.

Gentlemen: — The State Board of Health received from you on May
27, 1902, an application for advice with reference to a proposed water

supply for the village of South Deerfield, to be taken from Roaring Brook

in Whately Glen, accompanied by plans showing the proposed works.

The Board has considered these plans and has caused the proposed source

of supply to be examined by its engineer, and a sample of the water to be

analyzed.

The results of the analysis show that the water is clear, colorless and

odorless, and of good quality for the purposes of a public water supply.

It does not appear that any observations have been made of the flow of

this stream in the drier portion of a dry season, but, so far as can be

judged from the information available, it is probable that this source will

furnish, through the proposed works, a sufficient quantity of water for the

village of South Deerfield at all times. If, however, it should be found

that the natural yield of the source is inadequate for the supply of the

village, the yield could probably be increased without special difficulty by

the construction of a storage reservoir. In the opinion of the Board

Roaring Brook is an appropriate source of water supply for the village of

South Deerfield.

Owing to the fact that considerable numbers of people resort to Whately

Glen in the summer season, it is very desirable that the intake of the South

Deerfield water works be placed above the portion of the glen frequented

by visitors, to avoid danger of pollution of the water ; and the Board
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would advise that the water be taken at a i)oint higher up stream than

indicated on the plan submitted. It will also be necessary to guard

against danger of pollution of the source from any of the buildings on this

water-shed above the glen.

Plans have also been submitted to this Board by the town of Whately

for the use of Roaring Brook as a source of public water supply. The

population of the town of "Whately at the present time is small, and, while

the principal village is situated at a higher elevation than South Deerfield,

water can be taken from Roaring Brook at a sufficient elevation so that

Whately may be supplied from this source by gravity.

The Board is of the opinion that Roaring Brook is an appropriate source

of water supply both for South Deerfield and Whately, and, in case the

yield of this stream should at any time prove inadequate, it can be

increased without special difficulty by the construction of a storage reser-

voir on the water-shed. There appears to be no other equall}^ appropriate

source of water supply for these towns or either of them.

Under the circumstances, the Board is of the opinion that, if the right

to take a water supply from Roaring Brook shall be granted to South

Deerfield, the town of Whately should not be excluded from taking a

supply of water from this source if it should desire to do so.

Nov. 6, 1902.

To Messrs. J. B. Bridges, P. W. Newell, C. F. Billings, Board of Water Com-
missioners of the South Deerfield Water Siipi^ly District.

Gentlemen :— The State Board of Health received from you on Oct.

23, 1902, a communication relative to obtaining the consent of the Board

to the taking of the waters of Roaring Brook and its tributaries in Deer-

field and in Whately as a source of water supply for the South Deerfield

Water Supply District, and for the approval of the location of a proposed

dam and reservoir under the provisions of chapter 486 of the Acts of the

year 1902, and soon afterward plans were received showing the proposed

location of a dam and reservoir on Roaring Brook.

The Board has caused the locality to be examined by its engineer, and,

having carefully considered the proposed plans, hereby consents to the

taking by the South Deerfield Water Supply District, as a source of water

supply, of the waters of Roaring Brook at a point shown upon a plan

entitled " Map of Whately Glen and Vicinity, including Site of Proposed

Reservoir for South Deerfield Water Works ; scale, 100 feet to an inch,

Clapp & Abercrombie, Engineers, Greenfield, Mass.," filed in the office

of this Board Oct. 24, 1902, and approves the location of the dam and

reservoir shown upon the said plan.
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Everett.
Dec. 4, 1902.

To the Board of Public Works of the City of Everett.

Gentlemen :— The State Board of Health received from you on Septem-

ber 30 a request for an analysis of the water of a drinking fountain in the

city of Everett, supplied from a spring located near the corner of Church and

Linden streets, and in response to j'our request has caused the conditions

about the spring to be examined and samples of the water to be analyzed.

The results of the analyses show that the water is clear, colorless and

odorless, and contains but little organic matter, but has evidently been at

some time greatly polluted by sewage, though at the time these examina-

tions were made the water was being well purified in its passage through

the ground before entering the spring. In the state in which it was found

at the time these analyses were made the water of this spring is probably

safe for drinking. The danger in the use of such water for drinking is

that a change in circumstances attending its pollution may result in imper-

fectly purified water finding its way to the spring, and, even if frequent

analyses of the source should be made, such deterioration might not be

detected in season to prevent harmful results from the use of the water.

"Water from the meti'opolitan works is available for the supply of this

fountain, and under the circumstances the Board would advise that the

use of the spring in question as a source of drinking water supply should

be discontinued.

Framingham (The Dennison Manufacturing Company).

Aug. 7, 1902.

To Mr. Charles S. Dennison, Treasurer Dennison Manufacturing Compa7iy,

Boston, Mass.

Dear Sir : — In response to your request of June 6 for a further

examination of the water of the driven well at your factoiy at South

Framingham, the Board has caused two samples of the water to be ana-

lyzed, one on June 16 and another on July 24. Comparing these results

with the results of an analysis of a sample of water collected on Aug.

30, 1901, it is found that there has been a marked change in the quantity

of iron present in the water, the quantity present in the sample collected

in 1901 being excessive, while in tlie two samples recently collected the

quantity of iron found was insignificant. The presence of the iron in the

sample collected last year rendered the water turbid and colored, while at

the present time the water is clear and colorless. In other respects the

recent analyses show no material change in the quality of the water from

its condition at the previous time.

As stated last year, this water is not a desirable drinking water, though

it cannot be considered in its present state unsafe for drinking. If this
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water is to be used for drinking it should be analyzed from time to time

in order that its use may be discontinued if deterioration in its quality

occurs.

Franklin.
Mat 1, 1902.

To William J. Whiting, Esq., Franklin, Mass.

Dear Sir :— In response to your application of April 23 for advice

with reference to the qualit}' of the water of a well located on the

McCarthy Street extension in Franklin, the Board has caused the well and

its surroundings to be examined and a sample of the water to be analyzed.

The results of the analysis show that the water of the well is grossly

'

polluted by sewage, apparently derived from the sink drains and privies in

its neighborhood.

The Board would advise that further use of water from this well for

drinking or cooking be prevented.

Gloucester.
May 15, 1902.

To the Water Commissioners of the City of Gloucester.

Gentlemen : — The State Board of Health received from you on May 3,

1902, an application requesting the advice of the Board as to the treat-

ment of the bottom of the new Haskell's Pond basin at West Glouces-

ter, now being constructed for the storage of water for the supply of

the city of Gloucester.

You state that the bottom is covered with mud to a depth of from a few

inches to several feet, and you request advice as to whether, if the sides

of the reservoir should be grubbed and cleaned some 15 or 20 feet below

the flow line and the bottom not disturbed, the preparation of the reser-

voir for the storage of water would be sufficient.

The Board has caused the bottom of the reservoir, Avhich is now exposed

and well drained, to be examined by its engineer, and has considered the,

information presented as to the conditions existing in this reservoir and the

experience with other storage reservoirs in the State. It appears that

the portions of the Haskell's Pond Reservoir which formed the bottom of

the old pond, containing about 2.5 acres, are covered with mud or peat

containing a great quantity of vegetable matter. While this matter would

be covered with water at all times to a depth of several feet, even when
the reservoir is drawn down to the lowest level to which it is likely to be

drawn, the Board is of the opinion that, if the resei'voir should be con-

structed leaving this portion of the bottom as it now is, the water would

be very^ unfavorably affected thereby.

On account of the depth of this material it is not practicable to remove
it, but it could be covered with sand or gravel from the adjacent slopes of

the reservoir so as to prevent the water from coming in contact with it
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when the reservoir is filled. If this material should be covered to a depth

of one foot, and the stamps removed from the slopes of the reservoir, the

Board is of the opinion that the water furnished by this source would be of

much better quality than if the bottom should be left in its present state,

though the water might at times have a noticeable taste and odor.

Greenfield (Wiley & Russell Manufacturing Company),

Aug. 7, 1902.

To Mr, Charles P. Russell, Presideiit and Treasurer of the Wiley & Russell

Manufacitiring Company^ Oreenjield, Mass.

Dear Sir :— In response to your request for advice as to the quality of

the water of a spring on the hillside in the rear of your factory at Green-

field, which is used for drinking purposes in the factory, the Board has

caused the locality to be examined and a sample of water from the spring"

to be analyzed.

The results of the analysis show that the water is soft and in other

respects of good quality for drinking purposes, and an examination of the

surroundings of the spring does not show at the present time any condi-

tion which threatens serious pollution of the spring. In the opinion of

the Board the water is safe for drinking,

Hadley,
March 6, 1902,

To John J. Sullivan, Daniel O'Connell, Jr., and John J. Kjrkpatkick,

Hadley, Mass.

Gentlemen : — The State Board of Health received from you on Feb-

ruary 15 an application for advice with reference to a proposed water sup-

ply for the town of Hadley, to be taken from Pratt's Pond on Hart's Brook

in the south-easterly part of the town, and has caused the source and its

surroundings to be examined by its engineer and samples of the water to

be analyzed.

The results of the analyses show that the water at the time this examina-

tion was made was soft and had but little color, and that the quantity of

organic matter present was small. An examination of the water-shed

shows, however, tliat this brook is exposed to pollution at the present time

from a house and stable near the shore of Pratt's Pond and from a State

fish hatchery located at a pond on the stream a short distance above the

proposed source. The danger of pollution from the farm buildings could

probably be avoided by moving the barn to a new location south of the

highway and providing a suitable method for the disposal of the sewage

from the house. It does not appear to be practicable, however, to prevent

danger of pollution from the fish hatchery as carried on at present, and

the Board does not at present advise the use of Hart's Brook as a source

of public water supply for Hadley.



No. 34.] ADVICE TO CITIES AXD TOWNS. 15

The Board has also caused an examination to be made of the water of a

tributary of Hart's Brook from the south, which enters the main stream a

little over half a mile below Pratt's Pond. This tributary has a somewhat

larger drainage area than Hart's Brook at Pratt's Pond, and it is probable

that a somewhat larger yield ol water could be obtained from it than from

Pratt's Pond. The drainage area of tliis tributary is uninhabited, and the

only danger of pollution to which the water may be exposed at present is

the manuring of cultivated fields on the water-shed. The quality of the

water is about the same as that of Hart's Brook, as shown by the analysis

of a single sample collected recently.

Judging from the investigations thus far made, the Board is of the opin-

ion that the tributary of Hart's Brook referred to would be a suitable

source of water supply for Hadley, but would advise that further analyses

of the water of this source be made. The Board will make the necessary

analyses if you will collect the samples.

HiNGHAM.
Dec. 20, 1902.

To the Eingham Water Company, Emgham, Mass.

Gentlemen : — The State Board of Health received from you on Oct.

15, 1902, an application for advice relative to increasing the quantity and

improving the quality of the water supplied to Hiugham and Hull which

contains the following outline of your proposed plans :
—

The plan for increasing the quantity and improving the quality of the supply of

the Hingham Water Company is essentially as follows :
—

To convey the water of Accord Brook to, and distribute it over, a portion of the

valley of Fulling Mill Brook, lying to the east of Main Street, between Main

Street and Fulling IMill Pond.

It is proposed to distribute Accord Brook water through a series of two or more

ditches, approximately parallel to the line of Fulling Mill Brook, the line of the

first ditch to be about 50 feet from the brook ; the second and succeeding ditches

to be approximately parallel to the first ditch and at suitable distances apart, not

to exceed 10 feet. The water, seeping away from the bottom of the ditches, will

find its Avay to the brook, just as the regular rainfall does, all suspended matter

will be taken out at the bottom of the ditch, and the slow filtration will remove

the color and all impurities, so that the water delivered will be of as good quality

as that now running in the brook.

Test pits dug at various points on the area which it is proposed to use show

coarse sand and gravel, which seem to be eminently adapted to the filtration of

water.

The coarse material will without doubt pass a large amount of water, while the

long distance which the water has to traverse beibre reaching the collecting sys-

tem will ensure a more complete purification than could be obtained by artificial

filtration beds.
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If it should be found that the ditches laid out at first were insuflficient, there is

ample area to be obtained for extending the system of irrigating ditches.

It is proposed to use Fulling Mill Brook and its tributaries as a collecting sys-

tem without a great deal of further preparation. In a few words, the plan is

simply to increase the present flow of Fulling Mill Brook by distributing on its

water-shed a sufficient amount of water in addition to the regular rainfall.

The indications are that in the near future Accord Pond will have to be used

almost exclusively as a storage reservoir, to be drawn from only at the time when
the demand upon the works is greatest, namely, from the first of July until about

the middle of September. If the proposed scheme of filtration operates as

expected, a sufficient supply can be obtained for the demand between the middle

of September and the middle of June or first of July from Fulling Mill Brook,

reinforced by water from Accord Brook.

It is proposed to so arrange the conduits leading to the irrigating ditches that

they may be supplied from either Accord Pond, Accord Brook, or Ijoth, as the

demands of the system require. There will also be a connection from Accord

Pond to the pumping plant.

To take care of the increased supply and to better the service, particularly for

fire, it is proposed to install a new pumping station in the vicinity of Fulling Mill

Pond, to construct either a stand-pipe or a reservoir, at such height as to give an

increased head in the mains. Contracts have already been made for increasing

the height of the present stand-pipe at Strawberry Hill.

New mains are to be laid to enable the system to meet the increased demands

already placed upon it, and they will be large enough to supply all water required

for a number of years to come.

We hand you herewith blue print of contour map of Fulling Mill Pond, Fulling

Mill Brook and a jjart of its water-shed, in which the proposed system of filtration

is to be installed.

Also hand you report of results of test pits dug on this water-shed at the points

indicated on the plan. These results show the existence of coarse sand and

gravel, well adapted for purposes of filtration.

Ill response to your application the Board has caused the locality to be

examined by its engineer, and has carefully considered the plans submitted

and the other information available as to the capacity of your present

sources and the quality of their waters. The water of Accord Pond has

frequently been very objectionable to consumers on account of a disagree-

able taste and odor, caused by the presence of microscopic organisms of

various kinds. The quality of the water supplied from the Fulling Mill

Pond source was also very objectionable in earlier years, but since works

were built for taking water from the brook, which is the main feeder of the

pond, and from a filter gallery on its easterly shore, water of much better

quality than formerly has been obtained from this source.

Accord Brook, the proposed source of additional supply, will, if used in

connection with the present sources, materially increase the quantity of

water available for the supply of Hingham and Hull. By using this source

in connection with Fulling Mill Pond the draft upon Accord Pond in the
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winter and spring can be greatly reduced, and most of the water of this

source kept for use in the drier portion of the year.

The water of Accord Brook, on account of its high color and the large

quantity of organic matter which it contains during much of the year,

would be very objectionable for domestic uses if supplied directly to con-

sumers. This source, however, appears to be the most available of the

sources which might be used for an additional water supply for Hingham

if its waters can be rendei*ed satisfactory.

The plan now proposed for conveying this water to the neighborhood of

Fulling Mill Pond, and purifying it there by filtration through the exten-

sive natural beds of sand and gravel found in this region, appears to be the

best that it is practicable to adopt, and by this plan it is likely that water

of good quality for all the purposes of a public water supply can be

obtained at reasonable expense. The proposed plan also makes provision

for conveying the water of Accord Pond to the same locality and purifying

it by filtration at times when the quality of the water is objectionable, and

there appears to be no better way of rendering the water of this source

satisfactory to consumers.

The pl^n suggested by you of distributing the water in trenches paral-

lel to the main feeder of Fulling Mill Pond, and allowing it to filter through

the ground to the stream, could probably be made to give satisfactory

results, and the cost of the trenches would be small. It would not be a

difficult matter, however, to prepare filter-beds by levelling off some of the

lands south or west of Fulling Mill Pond, which are well situated for the

purpose, upon which the waters of Accord Brook or Accord Pond could be

delivered by gravity. The cost of prepared areas would not very mate-

rially increase the cost of the works, and by the use of such areas it would

be practicable to regulate the rates of filtration more definitely, and observe

and control the results more closely, than would be the case if trenches

should be used. The Board would advise that an area of this kind be

prepared in the beginning and operated for a time, and the results carefully

observed for use in further development of the filtration works. At the

same time trenches might be operated as proposed and similar obsei^vations

made upon that method of purifying the water. It is important that the

filters for the purification of water be operated intermittently, and the sur-

face of the beds allowed to become exposed to the air for a considerable

time as often as once in twenty-four hours. The filter-galleries, reser-

voirs and other works for collecting filtered water near Fulling Mill Pond

should be placed at a sufficiently low level to prevent danger that any of

the water may escape into the pond.

It is very important, in the opinion of the Boards that the filtered water,

whether from trenches or filter-beds, be collected and stored in covered

galleries or reservoirs, since otherwise it is liable to deteriorate and become
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objectionable on account of the presence of organisms which are apt to

appear in great numbers in ground waters exposed to light.

The plan in general is, in the opinion of the Board, an appropriate and

satisfactory one for improving and increasing the "water supply of Hing-

ham and Hull, and, when further details of the plan of filtering the water

have been prepared, the Board will give you further advice if you so

request. In preparing such details of filtration areas it is desirable that the

character of the soil and depth of the ground water be determined by

means of test pits.

HOLYOKE.
May 15, 1902.

To the Water Commissioners of the City of Hoiyoke.

Gentlemen :— In response to your application, received May 8, request-

ing an examination of the water of Ashley Pond to determine the cause of

the present very unpleasant odor, the Board has caused the pond and its

surroundings to be examined, and samples of water collected from many
places in the pond to be examined microscopically.

The results of the examination show that Uroglena, an organism which

has been known to cause very disagreeable tastes and odors in other ponds

and reservoirs, was present in large numbers in the water of Wright Pond
at the time this examination was made, and the disagreeable taste and

odor complained of by those to whom this water is supplied are doubtless

caused by the presence of this organism.

The Board is unable to advise you as to any practicable method of pre-

venting the appearance and growth of such organisms in ponds, but, since

it appears probable that the organism is not always present in both of the

ponds at the same time, it is desirable to provide some method by which

water may be drawn directly from Ashley Pond if found desirable, and the

water of Wright Pond kept from mingling with it. It is also desirable

that provision be made so that water may be drawn directly from the

Manhan River for the supply of the city when the quality of the water of

the ponds is objectionable.

Nov. 6, 1902.

To the Board of Water Commissioners of the City of Hoiyoke, Mr. A. E. Pickup,

Begtslrar.

Gentlemen: — The State Board of Health received from you in June

last the following communication, requesting information as to the advisa-

bility of allowing fishing in the ponds and reservoirs of the Holyoke water

works :
—

I am directed by the secretary of the board of water commissioners to request

your opinion as to whether or not it is advisable to allow fishing from boats on

the ponds or reservoirs of the city's water supply three days a week, under the
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supervision of the water department ; also if it is advisable to allow fishing from

the shores of same.

Would also request information as to what the results have been from allowing

fishing from boats at South Framingham reservoir, and if it is the custom through-

out the State to allow such fishing on domestic water supplies.

Can you inform me whether there are any fish we can get to put in the reser-

voirs that will, through time, drive out the so-called mud fish ?

The city of Holyoke has wisely secured control of the water-sheds of the

main reservoirs from which its water supply is drawn, and has removed all

possible sources of sewage pollution therefrom. If unrestricted fishing

shall now be allowed in the resei-voirs, and considerable numbers of people

resort to the reservoirs for this purpose, there is a liability that the water

supply may be polluted and serious injury result to the health of some of

those who use the water for drinking. It is possible, however, that a

limited number of persons might be allowed to fish in the reservoirs, either

from boats or the shore, under proper restrictions, and with suitable

inspection under the direction of the water department, without danger

of harmful results to the health of the people of the city. It would be

advisable, however, even then, that fishing should not be allowed in the

neighborhood of the place or places from which water is drawn for the

supply of the city.

"Whether the removal of fish from the reservoirs would have an effect on

the quality of the water the Board is unable to advise you defiuitel}', but

so far as now known the removal of considerable numbers of the larger

fish found in such reservoirs is not likely to have an unfavorable effect

upon the quality of the water.

Regarding the custom throughout the State as to allowing fishing in

domestic water supplies, inquiry by the Board shows that of 40 places

from which information has been obtained, unrestricted fishing is permitted

in 18, while in the remaining 22 places there are restrictions ; of the 22

places in which fishing is restricted, it appears that the restrictions in 4

places are made and enforced by the fish and game commission, the ponds

having been stocked by that commission ; in 7 of the remaining 18 places

no fishing whatever is allowed, while in 2 places fishing is not allowed in

some of the reservoirs but is permitted in others ; at 1 place no fishing is

allowed within 500 feet of the point from which water is drawn, and in 4

other places where there are restrictions fishing is permitted at all times.

Of the 22 places in which fishing is restricted, a written permit to fish is

required in 5 places.

In reply to your last question, it is not likely, so far as the Board is now
informed, that there is any kind of fish which, if placed in your reservoirs,

will drive out the perch and sun-fish, which you designate as mud fish.
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HoLTOKE (Skinner Manufacturing Company). '

July 3, 1902.

To Mr. Joseph A. Skinner, Treasurer of William Skinner Manufacturiyig

Comiiany, Holyoke, Mass.

Dear Sir : — The State Board of Health received from you on May 3 a

communication requesting advice as to the use of the water from a certain

well at your factory in Holyoke for supplying drinking water to about 300

employees in the factory. Subsequently you requested advice as to the

quality of the water of another well, to be used by 600 employees in

another factory.

The Board has caused the wells and their surroundings to be examined

by one of its engineers, and several samples of water from each of the

wells to be analyzed. The source of supply in each case is a tubular well

6 inches in diameter, one well, which is 269 feet in depth, being located

near the corner of Appleton and Bigelow streets, and the other, 321 feet

in depth, at the corner of Appleton and Bond streets, in the central portion

of the city. The results of the analyses of the water of the well near Bond

Street show that it is clear, colorless and odorless, but it is a hard water,

and the hardness increased materially during the course of the examina-

tion, being, in the last sample collected, about four times as great as the

average hardness of the water of the principal sources of supply of the

city of Holyoke. The water of the Bigelow Street well was of somewhat

poorer quality than the water of the Bond Street well and was harder. In

this case, also, the hardness of the water increased materially during the

course of the examinations made by the Board.

These analyses show that the waters of these wells are safe for drinking

at the present time, but the great hardness of the waters is objectionable,

and, in view of the fact that the wells are located in a densely built-up

portion of the city, where the ground water is exposed to pollution, the

Board cannot advise that the water will be permanently suitable for drink-

ing. This can only be determined by analysis after the water has been

continuously drawn from the wells for a considerable period. After this

has been done the Board will, upon notification, make further analyses and

inform you of the result.

Hyde Park.
March 6, 1902.

To the Hyde Park Water Company, Hyde Park, Mass.

Gentlemen: — The State Board of Health has to-day sent a communi-

cation to the boards of health of Milton and Hyde Park relative to the

quality of the water supplied to those towns.

A copy of this communication is enclosed herewith.
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March 6, 1902.

To the Board of Health of the Town of Hyde Park,

Gentlemen : — In response to yonv application of February 19 for advice

as to the quality of the water of four wells used as sources of water supply

for domestic purposes, the Board has caused the wells and their surround-

ings to be examined and samples of their water to be analyzed.

The wells examined were :
—

1. A well in the yard in front of house No. 22 Easton Avenue.

2. A well in house No. 23 Easton Avenue.

3. A well in house No. 14 Easton Avenue.

4. A well in the yard of the house at the corner of Easton Avenue and

Bridge Street.

The results of the analyses show that the water of all of these wells is

quite hard, and has evidently been at soiiie time greatly polluted by sewage

and not thoroughly purified in its passage through the ground to the wells.

In the opinion of the Board the water of all of these wells is unsafe for

drinking.

March 6, 1902.

To the Board of Health of the Toum of Hyde Park.

Gentlemen :— In response to a recent application from the town of

Milton for advice as to the condition of the water supplied to that town

by the Hyde Park Water Company, aside from its liability to cause lead

poisoning, the Board has this day sent to the board of health of Milton a

statement of the results of its investigations as to tlie quality of the water.

Since this water is supplied to Hyde Park as well as to Milton, and the

condition of the water is of equal interest to the inhabitants of Hyde Park,

a copy of the communication to the town of Milton is sent you herewith.

Lawrence.
May 15, 1902.

To the Lawrence Water Board, Lawrence., Mass.

Gentlemen : — The State Board of Health received from jou on April 7,

1902, an application for advice relative to dividing the Lawrence city filter

into three beds of equal area, in which you state that your board concludes

that the time has arrived when this change is an imperative necessity on

account of the very close margin between the amount that can be filtered

under the present system and the consumption of water in the city. It is

also expected that the dividing walls will decrease the cost of operating

the filter and of pumping. Subsequently, plans and specifications were

received, showing the proposed location and method of construction of the

dividing walls.

The Board has considered your application and the plans submitted

therewith and the careful and complete records which have been kept

relating to the management and operation of the filter and the quantity of

water used by the city.
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The average daily consumption of water by the city was less in 1901

than in the three previous years, and less than in the year when the filter

was constructed, but in the first four months of the present year the records

of the quantity of water used haA'e shown a marked increase over previous

years. The city of Lawrence is increasing rapidly in population, and the

causes which have operated to prevent a material increase in the use of

water during the past ten years are unlikely to continue to prevent an

increase in the quantity of water used by the city in the future. A rapid

increase in quantity used, keeping pace fully with the increase in popu-

lation, must now be provided for.

It appears that for a period of many days during the past winter the

consumption of water in the city was greater than the capacity of the filter,

and that the quantity of water stored in the reservoir was for several days

nearly exhausted. It is evident that the capacity of the filter under

present conditions is not sufficient for the present requirements of the city

at times in the winter season.

If the filter should be divided into three sections as proposed there

appear to be some advantages that would result in the management of the

filter ; but these advantages would probably all be secured by covering the

filter. Any increase in capacit}^ expected to result from dividing the filter

would not, in the opinion of the Board, be of material value ; but your

experience of last winter points directly to the necessity of your proceeding

immediately to have it covered, thus relieving it of the obstructions of ice

and snow and of freezing weather, and enabling you to keep it free from

obstructing sediment upon the surface, and to maintain, as near as practi-

cable, the condition existing during the summer. In the opinion of the

Board it is essential that this be done immediately, to secure a sufficient

supply of water through the coming winter.

When the present filter was constructed it was not expected that it

would serve the city without an addition when the population of the city

became as great as at present, but j'ou have been unusually successful in

keeping down the consumption of water by your meter system and by the

good work that has been put into the pipe system to prevent leaks. Even

under these conditions the Board is of the opinion that it is not safe to

expect that exigencies may not occur, like a succession of fires in winter

requiring an unusual draft of water, which will overtax the present filter

and exhaust the reserve in the reservoir by the time a new filter can be

constructed.

The Board would therefore advise that you proceed at once to make

surv'eys, prepare plans and construct another filter west of the present

filter, as proposed in the original plan. The new filter should have an

area of as much as two acres and consist of two separate beds, with pro-

vision for further extension up the river in the future. It is not probable

that the new filter can be completed the present year, but the old filter, if



No. 34.] ADVICE TO CITIES AXD TOAVXS. 23

covered, will alone serve through the coming winter until the new filter

can be completed.

"When you have prepared plans for covering the present filter or for

constructing the new filter the Board will, upon application, advise you

concerning them.

Aug. 7, 1902.

To the Mayor and Aldermen and Council of the City of Lawrence, Mass.

Gentlemen : — In response to a request for advice from the Lawrence

water board in regard to building two dividing walls in the Lawrence

filter, the State Board of Health, under date of May 15, 1902, advised as

foUows, viz. :
—

It appears that for a period of many days during the past winter the consump-

tion of water in the city was greater than the capacity of the filter, and that the

quantity of water stored in the reservoir was for several days nearly exhausted.

It is evident that the caj^acity of the filter under present conditions is not sufficient

for the present requirements of the city at times in the winter season.

If the filter should be divided into three sections as proposed there appear to be

some advantages that would result in the management of the filter ; but these

advantages would probably all be secured by covering the filter. Any increase

in capacity expected to result from dividing the filter would not, in the opinion

of the Board, be of material value ; but your experience of last winter points

directly to the necessity of your proceeding immediately to have it covered, thus

relieving it of the obstructions of ice and snow and of freezing weather, and

enabling you to keep it free from obstructing sediment upon the surface, and to

maintain, as near as practicable, the condition existing during the summer. In

the opinion of the Board it is essential that this be done immediately, to secure a

sufficient supply of water through the coming winter.

This Board now learns with regret that upon request of the water board

the city government authorized it to build the dividing walls, but took no

action that will protect the citizens from drinking the polluted water of the

river next winter.

The proposition to build the walls was urged by the water board upon

the ground that the pumps could be kept running and drawing from two-

thirds of the filter while one-third was being scraped.

By the records received from the water board it appears that during the

cold mouths of January and February of last winter, when the filter could

not supply the quantity of water drawn b}' the city, the quantity of water

pumi>ed on all of the days when the beds were scraped was less by 3.4 per

cent, of the supply of the two months than if those days had supplied the

average amount.

During these two months the actual times when pumping was stopped,

on the days when beds were scraped, was twenty-eight hours and forty

minutes, which is 2 per cent, of the time of these two months ; but dur-

ing the time of scraping the smaller pump was run a larger proportion



24 STATE BOARD OF HEALTH. [Pub. Doc.

of the time thau ordinary, so that the total stopping was the equivalent of

forty-one hours and eleven minutes of the large or low-service pumps at

their ordinary capacity and ordinary running.

If the two proposed dividing walls had been in at that time the pumping

could have been continued at two-thirds the ordinary capacit}' of the low-

service pumps for forty-one hours and eleven minutes more time in the

two months than it was continued, or the equivalent of running the

ordinary capacity twenty-seven hours and twenty-seven minutes longer in

the fifty-nine days of fourteen hundred and sixteen hours, or 2 per cent,

more time for pumping would have been gained ; but the two dividing

walls will displace about 1 per cent, of the sand of the filter and decrease

the filtering capacity to this extent, hence, if the walls had been in last

winter, with the same intelligence that then managed the filter, only 1 per

cent, more water could have been pumped than was pumped.

The actual amount of water supplied by the filter and pumped to the

resen'oir last February was, according to the records received from the

water board, 5 per cent, less than the quantity of water drawn from

the reservoir b}' the city. By the last census it appeared that the popu-

lation of the city was increasing 3.6 per cent, per j'ear, and the records

given us by the water board show the increase in water pumped the last

twelve months has been 8 per cent, over the previous twelve mouths.

"With this data you will see that no dependence in preserving the health

and lives of the citizens is to be placed upon an expedient having so

insignificant an advantage.

It is not necessary to again point out the great destruction to health and

life that will result if the unfiltered water is pumped into your reservoir,

which has been so clearly presented to you by our representative in person
;

but for the preservation of the health and the lives of your citizens this

Board earnestly repeats its advice that the filter be immediately covered.

Leominster.
Nov. 6, 1902.

To the Leominster Water Board, Mr. W. Howard Chase, Chairman.

Gentlemen : — The State Board of Health received from 3'ou on June 9

last a communication stating that complaint was being made regarding the

quality of the water supplied to the town from Fall Brook Reservoir, and

requesting the Board to investigate the cause of the troulde and advise

you concerning it.

In response to this request the Board has caused the source to be exam-

ined during the past summer and samples of the water collected from

various parts of the reservoir to be analyzed, and has examined the results

of numerous analyses of the water of this source made since the reservoir

was completed in the latter part of 1896.

An examination of the results of all of the chemical analvses made since
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the reservoir was completed shows that the color of the water aud the

quantity of organic and mineral matter present were greatest in the first

year after the completion of the reservoir, much less in the second year

than in the first 3'ear, and there was a somewhat further decrease in the

third year. Since that time the color and the quantity of organic matter

have remained nearly constant, and no marked increase lias been noted

thus far diiring the present year. The results of microscopical analyses

of the water do not show that a materially greater number of organisms

was present during the past winter and spring, when the quality of the

water was objectionable, than in previous years. They show, however,

that the water contains at times considerable numbers of certain micro-

scopic organisms, which have been known to cause disagreeable tastes and

odors in the water of ponds and reservoirs. The disagreeable taste and

odor complained of during the past winter and spring were probably due

in the early part of the winter to the presence of the organism Dinobryon,

during March aud April to the organism Uroglena, and in May to the

organism Anabcena. All of the organisms mentioned are likely to impart

to water a disagreeable taste and odor.

The cause of the presence of such organisms in water is not known, but

they are present often in great abundance at all seasons of the year in the

waters of some ponds and reservoirs, especially in reservoirs from which

the soil and organic matter were not removed before flowing. Fall Brook

Reservoir, however, w^as thoroughly prepared for the storage of water by

the removal of soil and organic matter from its sides and bottom, and by

covering with sand and gravel the deposit of peaty soil found in a portion

of the bottom, which was so deep that it w^as not feasible to remove it.

The reservoir has not been drawn off since it was first filled, so that a

thorough examination of the bottom of the reservoir, in order to ascertain

whether the gravel filling remains in place, has not been practicable ; but

numerous careful soundings of the bottom in the area covered with gravel,

which is definitely outlined upon a plan on file at this office, show that the

gravel covering is still in place, at least in all those portions of this area

examined, and there is no evidence from this examination that it had

settled into the peaty matter or that the latter comes in contact with the

water at any place. Samples of water collected from the bottom of the

reservoir in places where the peat had been covered with gravel were found

by analysis to be of about the same quality as the samples collected at the

surface in various parts of the pond.

The quantity of organic matter present in the water of this reservoir, as

shown by the albuminoid ammonia, has never been excessive, and the

quality of the supply has been— except during short periods— satisfactory

since the reservoir was first used. Troubles like that which occurred dur-

ing the past winter and spring are likely to continue to occur at times in

the future, but it is unlikely, so far as can be judged from present infor-
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mation, that such troubles will be serious or long continued, and the use

of drinking water containing such organisms is not known to be injurious

to health.

Lexington.
July 3, 1902.

To the Committee on Water Siq')X>ly of the Toiv?i of Lexington, A. E. Scott,

Chairman.

Gentlemen: — The State Board of Health has considered your appli-

cation for advice with reference to a proposed additional water supply for

the town of Lexington, in which you give the following outline of your

proposed plan :
—

It is proposed to obtain an additional supply of water from 10 to 15 wells driven

in the meadow between our present wells Nos. 1 and 2 and No. 6, pumping these

wells when the water is required into our new receiving basin.

It is believed that the water obtained from this source will enable us to stop the

use of wells Nos. 1 and 2 during the winter and sjjring months, when the water

of those wells is discolored.

We are not expecting great results during a dry season.

You also submit the results of a test made by pumping from test wells

at the place indicated in your application, from which it appears that

water was pumped from 14 M'ells, having an average depth of about 27

feet, at a rate of 125,000 gallons per day, from March 25 to April 7, dur-

ing which period the ground water in the vicinity of the test wells was

lowered about 24 feet.

The Board has caused the locality of the new wells to be examined by

its engineer, has caused samples of water collected from the test wells

from time to time, during the pumping test referred to, to l)e analyzed,

and has considered the information available as to the yield of your present

sources of supply and the quality of their waters. Water collected from

the tubular test wells during the pumping test was clear, nearly colorless

and odorless and otherwise of excellent qualit}' for the purposes of a public

water supply. On account of the deep layer of peat upon the surface of

the ground in which these wells are driven, and the comparatively small

depth of the wells, there is danger that this water would deteriorate and

become affected by an excess of iron and organic matter, M'hich would

render it objectionable for some domestic uses, if these wells should be

used continuously as sources of water supply for Lexington.

The quantity of water drawn from the wells during the pumping test,

which amounted to about 125,000 gallons per day, probably represents the

maximum amount of water which it is possible to obtain from them, since

this test was made in the most favorable portion of the year for obtaining

a large yield of ground water, and at a time when the rainfall was much in

excess of the normal. Even under these conditions the water in the
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ground about tlie wells was lowered so greatly that it is doubtful whether

the rate of pumping could have been maintained for any considerable time

longer. Judging from the information submitted to the Board relative to

the pumping test, and experience with other similar sources, the quantity

of water obtainable from these wells in the drier portion of the j'ear would

be but a small proportion of the yield at the time the test was made, and,

as you anticipate, would not be a material addition to the quantity of water

that your present sources will yield ; and, while the use of these wells may
enable you to avoid the use of water from some of the other sources during

the wetter portion of the year, the water of these objectionable sources

will have to be used in the drier portion, unless an adequate additional

water supply is obtained. The water of several of your present sources of

supply is objectionable on account of color, taste or odor, and the water of

one of these sources (Vine Brook) cannot safely be used for drinking

unless properly filtered. The present complicated system of works is

costl}^ to maintain, and the experience of the past two years has shown
that the present sources are inadequate for the supply of the town in the

drier portion of the year.

It is unlikely, in the opinion of the Board, that a sufficient quantity of

good water for the supply of Lexington can be obtained in tlie valley of

Vine Brook by any further development of the sources in this valley.

Lynnfield (J. F. Smith).

Aug. 7, 1902.
Mr. J. F. Smith, Lynnfield, Mass.

Dear Sir :— In response to your application of July 2 for advice as to

the quality of the water of a spring situated near Lowell Street, Lynnfield

Centre, from which you propose to sell water for drinking, the Board has

caused the spring and its surroundings to be examined and a sample of the

water to be analyzed.

The results of the analysis show that the water is of good quality for

drinking, and an examination of the surroundings shows that there are no
buildings on the water-shed of the spring which would be liable to affect

the quality of its water.

In the opinion of the Board this spring, under present conditions, is a

safe source of drinking water supply.

.Manchester.
July 3, 1902.

To the Board of Health of the Town of 3Ia?ichester, Mr. William H. Allen,
Secretary.

Gentlemen: — The State Board of Health, in response to your request
of May 3, has caused an examination to be made of the quality of the

water of the groups of wells from which the Manchester water supply is
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obtained, and has caused an examination of the conditions about the wells

to be made by one of its engineers.

The water of all the sources has at some time been polluted bj' sewage,

but subsequently very thoroughly purified in its passage through the ground

before reaching the wells, and the recent analyses of the water do not show

any material change in the quality of the water from previous years. The

Board sees no reason for thinking that the water of any of the sources in

its present state is liable to be in any way injurious to health if used for

drinking. It is very important, however, to prevent the deposit of sewage

near the wells, and, so far as possible, upon or in the ground at any place

from which the ground water drains toward the wells, and it^is specially

important to prevent the pollution of Saw Mill Brook above the wells,

since it is probable that a considerable quantity of water enters the wells

by filtration from this brook.

In the course of the recent investigation it was found that sewage from

the cesspools of the Essex County Club was overflowing into the stream

passing near the wells. The Board would advise that provision be made
for the purification of this sewage or its discharge at some suitable place

where it will not pollute the waters of this brook.

Dec. 4, 1902.

To the Board of Water Commissio7iers of the Town of Manchester, Mr. Nathan P.

Meldram, Chairmaji.

Gentlemen:— The State Board of Health received from 3'ou on October

6 an application for advice relative to obtaining an additional water supply

for the town from tubular wells in that part of the town known as Samuel

Allen's meadow, on the easterly side of the county road to Essex, and also

from wells on the easterly side of P^ssex Street. The tests thus far made
have consisted in sinking test wells in the valley of Saw Mill Brook on both

sides of the road from Manchester to Essex, about one and one-half miles

north of the village of Manchester, and the Board has caused this region

to be examined by one of its engineers and samples of the water from

several of the test wells to be analyzed.

The wells are located in meadow and swamp lands which are at times

overflowed with water, and the soil found in sinking the test wells con-

sisted of a layer of peat or muck at the surface from 2 to 4 feet in depth,

beneath which a stratum of clay was found in all of the wells, ranging from

20 to 50 feet in thickness. Beneath tlie clay the wells enter coarse sand

and gravel. Water flowed naturally from most of the wells up to a level

of about 18 inches above the meadow, and could be drawn from them

freely when pumping with a hand pump, and the indications are that a

quantity of water could be obtained from the ground in this region which

would form a material addition to the water supply of Manchester.

The results of analyses of samples of water collected from .six of the

wells show that it is turbid and quite highly colored, and contains so large
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a quantity of iron that it would be objectionable for many of the purposes

of a public water supply.

In view of the circumstances, the Board does not advise the town to

take an additional water supply from the ground in this region, but would

advise that further tests be made in some other locality, with the view

to obtaining an adequate additional supply of good water free from an

excessive quantity of iron.

MiLFORD.
June 5, 1902.

To the Milford Water Company, Milford, Mass.

Gentlemen : — The State Board of Health received from you on May
7, 1902, an application for advice with reference to the extension and

improvement of the water supply of Milford and Hopedale, accompanied

by plans of proposed new works for filtering the water of Charles River.

The plans submitted provide for constructing at the site of present open

filter No. 1 near the pumping station two covered filters, having a com-

bined area of .261 of an acre, and another open filter to be constructed by

underdraiuing the material found near well No. 3, which you have found

suitable for the purpose. The latter filter is to be constructed for tempo-

rary use during the building of the covered masonry filter, but will be

retained for use in the future when necessary.

The filtering material in the proposed new covered filters is to consist of

sand 3 feet 3 inches in depth, having an effective size of from .27 to .35

of a millimeter, which is to be thoroughly underdrained. The effluent from

these filters and from the open filters is to be discharged into well No. 1,

which is to be provided with a tight bottom to prevent the entrance of

ground water. It is understood that the connection between well No. 1

and the conduit leading to well No. 2 will be so arranged that water will

be drawn from the conduit or well No. 2 only when the supply of filtered

water is less than the quantity required for the supply of the towns. "Well

No. 3 will remain as at present, being connected with the pumping station

by a separate pipe.

The Board has caused the locality to be examined by its engineer, and

has carefully considered the plans and information submitted therewith

and the conditions affecting the water supply of Milford and Hopedale.

The water-shed of the Charles River above your present works does not

contain a large population, but the water is affected by organic matter in

swamps on the water-shed and by storage in the resen-oirs, which evi-

dently contain considerable quantities of such matter. The quality of this

water has evidently been much improved by filtration through the present

filters, and the proposed filters, if constructed in a thorough manner and
properly operated, are likely to render this water satisfactory for all

domestic purposes.

In connection with an investigation made by this Board relative to the
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action of water used for the supply of Milford and Hopedale upon lead

pipes in the latter part of 1899 the Board caused the wells and filters from

which the supply was drawn to be examined, and, as a result, it was found

that the waters of Charles River and of the filters contained so small a

quantity of carbonic acid that these waters would not be likely to attack

lead pipes to such a degree as to cause lead poisoning. Analyses of

the water of well No. 1, however, Showed that it contained a very large

quantity of carbonic acid, which would undoubtedly cause it to take up

large quantities of lead in passing through lead pipes, and the water of

well No. 2, though containing less carbonic acid than well No. 1, still con-

tained a much larger quantity than was found in the river water or the

water from the filters, and the Board advised that you discontinue the use

of the water of wells Nos. 1 and 2.

It appears that by the present plan it is proposed to discontinue the use

of water from well No. 1, but to continue the use of water from well No. 2.

In the opinion of the Board it is desirable to avoid the use of any water

from this well, even though the quantity supplied may be small as com-

pared with the total quantity used by the towns.

The plan, as a whole, with the modification relative to well No. 2, is, in

the opinion of the Board, a suitable one for improving the water supply

of Milford and Hopedale.

Milton.
.Jan. 23, 1902.

To the Board of Health of the Town of Milton, Walter C. Kite, M.D., Secretary.

Gentlemen: — In response to your request of Dec. 11, 1901, for an

investigation of reported cases of lead poisoning in Milton, the Board has

caused the cases referred to to be visited by its medical inspector, and

samples of the water from the service pipes in the houses where the cases

were found, and from other parts of the water system, to be analyzed.

The results of the examinations thus far made show seventeen well-marked

cases of lead poisoning, some of them very severe.

The results of chemical analyses of the water in the houses in which

cases of lead poisoning were found, as well as in many houses in different

parts of the town supplied through lead pipes, show that it contains an

excessive quantity of lead, which is evidently taken up by the water in

passing through the lead service pipes through which water from the street

mains is supplied to and distributed about the houses. Examinations of

the water supplied to Milton show that it contains an excess of carbonic

acid, which, acting upon the lead of the pipes, produces the poisonous

carbonate of lead, — a poison which slowly accumulates in the human
body, with very serious results.

The investigations of the Board show that the water now supplied to

Milton cannot be conveyed into and distributed about the houses through

lead pipes without jeopardy to those by whom the water may be used, and
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that it is necessary, in order to preserve them from serious injury to health,

either to replace all lead pipes by pipes from which the water will not

extract poison, such as lead pipes lined with tin or iron pipes lined with

tin or with cement, or else to obtain from another source water which will

not act upon the lead. One course or the other should be pursued with-

out delay.

The water of the metropolitan supply has been found not to act upon

lead to an extent that is found to be injurious.

March 6, 1902.

To the Board of Health of the Touni of Milton, Walter C. Kite, M.D., Secretary.

Gentlemen :— The State Board of Health has considered your request

for a statement as to the condition of the water supplied to Milton aside

from its liability to absorb lead, and has examined the results of chemical

analyses of the water of both of the sources of water supply of the Hyde
Park Water Company from which the water supplied to Milton is taken.

The water supply of the Hyde Park Water Company is taken from two

sources, the first being a group of tubular wells located near the right or

easterly bank of the Neponset River, just above the thickly settled portion

of Hyde Park. This source has been in use since 1885. The second

source is a group of tubular wells on the southerly side of Mother Brook,

close to the boundary line between Hyde Park and Dedham.

Recent analyses of the water of each of these sources and of the water

at the point where it enters the town of Milton show that a very large pro-

portion of the water being supplied to 3Iilton at the time these examina-

tions were made was derived from the wells near the Neponset River.

The results of many analyses of this water, made since 1887, show that

its quality has greatly deteriorated in later years, and a comparison of the

analyses with analyses of the water of other ground-water supplies in the

State shows that during the past year the water of these wells has been of

poorer quality on the whole than that of any other public water supply in

the State drawn from the ground. It is evident, from an examination of

the region about the wells and from a comparison of the results of the

chemical analyses of the water with analyses of the water of the river, that

a large portion of the water which enters the wells is derived from the

Neponset River, a grossly polluted stream, and is very imperfectly purified

in its passage through the ground. Considering the circumstances, the

water of these wells must, in the opinion of the Board, be regarded as

unsafe for drinking.

The remainder of the water supplied to Hyde Park and Milton is drawn

from a group of tubular wells near Mother Brook, in the neighborhood of

the boundary line between Hyde Park and Dedham. At the present time

this water is probably safe for drinking, but the mixture of this water with

the water from the wells near the Neponset River which has been supplied

to Milton is not, in the opinion of this Board, safe for drinking.
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March 6, 1902.

To the Milton Water Compa?iy, Milton, Mass.

Gentlemen : — A communication lias to-day been sent by the State

Board of Healtli to the boards of health of Hyde Park and Milton relative

to the quality of the water supplied from the works of the Hyde Park

Water Company to the town of Hyde Park and, until recently, to the town

of Milton.

A copy of this communication is enclosed herewith.

Milton (Oliver H. Flanders).
March 6, 1902.

To Oliver H. Flanders, Milton, Mass.

Sir : — The State Board of Health has considered your application for

advice with reference to a source of water supply in the village of East

Milton in the town of Milton, and has caused the source and its surround-

ings to be examined and a sample of the water to be analyzed.

The results of the analysis show that the water in its present state is of

good quality for the purposes of a public water supply, and the source

does not appear at the present time to be exposed to serious danger of

pollution. No definite information is available as to the probable yield of

the source from which the present supply is obtained, but, so far as can

be judged from its location and the character of the soil and topography

of the region about the well, it is very doubtful whether it will yield at all

times a sufticient quantity of water for any considerable number of people

in excess of the seventeen families which are now supplied.

If houses should hereafter be constructed in the immediate neighborhood

of the well, or upon the slope above it, there is danger that the quality of

the water will deteriorate.

Montague (Miller's Falls Company).
Feb. 6, 1902.

To the Miller''s Falls ComjKiny, Miller's Falls, Mass.

Gentlemen : — The State Board of Health received from you on Jan.

11, 1902, an application for advice with reference to the quality of the

water of a new tubular well located at 3'our works at Miller's Falls, the

water of which you state you desire to use for drinking purposes, and has

caused the well and its surroundings to be examined and a sample of the

water to be analyzed. The results of the analysis show that the water is

soft, nearly colorless and odorless, and, in the opinion of the Board, this

water is, in its present state, of excellent quality for drinking purposes.

An examination has also been made of another well, about 31 feet deep,

from which the employees of the factory and many families are supplied

with water for drinking purposes. This water shows evidence of having

been at some time slightly polluted ])y sewage and subsequently thoroughly

purified in its passage through the ground, and is, in its present state, safe
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for drinking ; but the quality of the water is not as good as that of the

water of the new well.

The Board would advise that another analysis be made of the water of

each of these wells in the latter part of next summer, to determine whether

the quality of the water differs materially in the drier portion of the year

from its quality at the present time.

Nantucket.
Sept. 4, 1902.

To the Board of Health ofthe Town of Nantucket,'i<iv. Rollix M. Allex, Secretary.

Gentlemen : — In response to your request for an examination of the

water of the well where the town pump has been located in the village of

Siasconset, and for advice as to the suitability of this water for drinking,

the Board has caused the well and its surroundings to be examined and a

sample of the water to be analyzed.

The well is located in the central portion of the village of Siasconset,

which has no sewerage system, and there are numerous cesspools and

other receptacles for sewage in its neighborhood.

The results of the analysis show that the water has been highly polluted

by sewage and not thoroughly purified in its passage through the ground

before entering the well, and, in the opinion of the Board, this water at

the present time is unsafe for drinking.

It is possible that the quality of the water would be different at other

seasons of the year, and its quality might change somewhat after a con-

siderable quantity of water had been pumped from the well ; but, in the

opinion of the Board, it is unlikely that water which would be at all times

safe for drinking can be obtained from this well.

Natick.
June 5, 1902.

To the Natick Water Board, Natick, Mass.

Gentlemen : — The State Board of Health received from you on May
22, 1902, an application for advice with reference to a proposed water

supply for the town of Natick, to be taken from the ground on land owned
by the town of Natick adjacent to Lake Cochituate, situated between the

Worcester turnpike, the Saxonville branch of the Boston and Albany Rail-

road and Lake Cochituate.

The source indicated has already been thoroughly examined in previous

years, and after a pumping test had been made by your board in the early

part of 1898, this Board advised you (in a communication dated March
17, 1898, a copy of which is enclosed herewith) that, in the opinion of the

Board, the source was an appropriate one for the supply of the town of

Natick, and that the proposed works be constructed with a view to sup-

plying the town wholly from this source in order that the use of water

from Dug Pond might be discontinued. .
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Since the recent application was received the Board has again caused the

territory to be examined by one of its engineers, and finds no material

change in the circumstances which might affect a water supply taken from

this place ; and, after considering the results of previous investigations,

the Board sees no reason to modify the advice already given.

Norton.
June 5, 1902.

To the Board of Health of the Town of Norton.

Gentlemen :— The State Board of Health has considered your appli-

cation for advice with reference to a water supply for a proposed school

building to be constructed in the south-westerly part of the village of

Norton, and has caused the well, which it is proposed to use as a source

of water supply, to be examined and a sample of the water to be analyzed.

The well is situated in a field quite remote from population at the present

time, and, while an analysis shows that the water at the present time con-

tains a considerable quantity of organic matter, it is probable that if the

well were properly covered, so as to exclude surface water, water suitable

for drinking could be obtained from this source. The circumstances are

such, however, that it is doubtful whether this well will continue to be a

suitable source of drinking water after the school house is built and water

is drawn from the well in considerable quantity. The Board would advise

that if this well is used as a source of drinking water by the school the

water be analyzed from time to time to determine its quality.

Palmer.
March 6, 1902.

To the Board of Health of the Town of Palmer, J. P. Schneider, M.D., Chairman.

Gentlemen : — In response to your application for advice as to the

quality of the water of a spring in Palmer used for the supply of several

families, the Board has caused the spring and its surroundings to be

examined and samples of the water to be analyzed.

The spring from which the supply is taken is located near a small brook

upon the slope of a hill west of the village of Palmer, and the water-shed

of the brook above and about the spring is uninhabited.

The results of the examinations that have been made show that the water

is of good quality for domestic purposes and safe for drinking. When
visited, the basin in which the spring water is collected contained a con-

siderable quantity of organic matter of vegetable origin which had evi-

dently been accumulating for a considerable time. It is desirable that the

basin in which the spring water is collected should be thoroughly cleaned

and provision made for keeping vegetable matters from entering it.

It appears that a portion of the pipes through which the water is dis-

tributed is of lead, and an examination has been made to determine

whether the water takes up lead in its passage through such pipes. The

f
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results do not show that the water acts upon the lead pipes to any con-

siderable extent at the present time, but it is possible that at other seasons

of the year or under other conditions considerable quantities of lead may

be taken up by the water.

The Board would advise that analyses of this water be made at different

seasons of the year to determine whether it is liable to act upon the lead

pipes tin-ough which it is delivered to consumers to such an extent as to

become injurious to health. The Board will make an examination of the

water from time to time to determine its action upon lead, if you so request.

Plymouth.
March 6, 1902.

To the Board of Health of the Toivn ofPlymouth, F. D. Bartlett, Secretary,

Gentlemen : — The State Board of Health received from you on Aug.

16, 1901, an application for advice as to the quality of the water of a

spring close to the shore of Plymouth harbor, near the foot of Chilton

Street.

It appears that, changes having been made in the sewer system in that

neighborhood and in the method of collecting and distributing water from

the spring, it is desired to learn whether the quality of the water has been

affected, since it is used by the public for drinking.

In response to your request the Board has caused the locality to be

examined and several samples of the water of the spring to be analyzed.

The results of the analyses indicate that the water has at some time been

considerably polluted by sewage, but subsequently quite well purified in

its passage through the ground to the spring. The water is much harder

and somewhat less completely purified than the water of the Elder Brewster

Spring, and it is probably safe for drinking, but, on account of the location

of the spring, the quality of the water may deteriorate at any time, and if

its use is to be continued it should be analyzed from time to time in order

that any deterioration may be detected.

ROCKPORT.
Sept. 4, 1902.

To the Water Commissioners of the Town of Fiockport.

Gentlemen : — In response to your request for information as to the

cause of the present bad taste and odor of the water of Cape Pond, from

which the water supply of Rockport is drawn, and as to whether there is

any remedy for this condition, the Board has caused the pond and its sur-

roundings to be examined and samples of its water to be analj'zed.

The results of the examinations show that the pond contains enormous

numbers of the organism Anabcena, which is present in all parts of the

pond, and the offensive taste and odor of the water, of which complaint is

made, are evidently caused by this organism. The cause of the appear-
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ance of this organism in the waters of ponds and reservoirs is not known,

nor is there any known method of preventing the appearance of such

organisms. In ponds or storage reservoirs like Cape Pond, having muddy
bottoms and considerable areas of swampy laud on their water-sheds, such

growths frequently occur, while pouds having sand or gravel bottoms, or

reservoirs which have been thoroughly prepared for the storage of water

by the removal of the soil and organic matter from their bottoms, are

rarely seriously affected by organic growths, unless when the water entering

the ix)nd or reservoir is subject to pollution or affected by long contact

with organic matter in swamps.

Cape Pond has a muddy bottom and a considerable area of swamp on its

water-shed, and has evidently received much pollution in the jxist from the

glue factory which has been located for many years on its water-shed.

The removal of sources of pollution from the water-shed of the pond would

have a tendency to decrease the growths of organisms and would improve

the quality of the water, but it is not practicable to remove all the mud
aud organic matter from the bottom of Cape Pond, or to make such

thorough improvements as would be likely to prevent the appearance of

large numbers of organisms.

In the opinion of the Board the quality of the water of Cape Pond can

be very greatly improved and probably made satisfactory for drinking and

other purposes at all times by filtration through sand, and this appears to

be the only practicable method of rendering the water of this pond satis-

factory to consumers. In order to determine the means necessary for the

satisfactory purification of this water, it will be necessary to make experi-

ments upon the filtration of the water at times when it is affected by large

numbers of organisms. The experimental filters could be located at the

pumping station and the cost of the work would not be great.

If you decide to make experiments upon the purification of this water

the Board will, if you so request, assist you by advising as to the con-

struction of experimental filters and by making the necessary examinations

of the water.

Salisbury ("Wm. Behan).
Aug. 7, 1902.

Mr. William Behan, Salisbury, Mass.

Dear Sir : — In response to your application of June 30 for advice as to

the quality of the water of a driven well at Cushing Beach in Salisbury to

supply a hotel, the Board has caused the well and its surroundings to be

examined and samples of the water to be analyzed.

The results of the analyses show that the water has been polluted by

sewage and not thoroughly purified in its passage through the ground

before entering the well. The Board advises that the further use of the

water from this well for drinking or cooking be discontinued.
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SCITL'ATE.
March 17, 1<X)2.

To the Scituate Water Company, Scituate, Mass.

Gentlemen : — The State Board of Health has considered your appli-

cation for advice as to taking an additional supply of water for Scituate

from the valley of Bound Brook or of First Herring Brook in the town of

Scituate, and has caused the present and proposed sources to be examined

and samples of their waters to be analyzed.

It appears from the information presented to the Board, as to the yield

of the tubular wells which form the present sources of supply, that the

quantity of water is likely to be inadequate for the requirements of the

town during the coming summer and that an additional supply must be

provided. It is possible that further tests in the neighborhood of these

wells might show that a considerable additional supply could be obtained

in this valley, but the quality of the water of your present sources of sup-

ply appears to be somewhat unfavorably affected by population in the

neighborhood of the wells, and it is doubtful whether a sufficient quantity

of good water can be obtained for the supply of the town at all times

within the limits of the area from which it appears to be permissible for

the company to take water under its original act.

Analyses of water from Bound Brook and from First Herring Brook,

the two sources mentioned in your application, show that both of these

waters are highly colored and contain a lai'ge quantity of organic matter

due to the contact of the water with vegetable matters in swamps. More-

over, the water-sheds contain considerable populations, and neither stream

would be a desirable or a safe source of water supply for domestic pur-

poses if the water should be taken directly from the stream.

Tests which have been made by the Cohasset Water Company in the

lower portion of the valley of Bound Brook, where the course of the stream

is within the limits of Scituate, have not shown any place from which it

appears to be practicable to obtain water of good quality from the ground.

There are several places in the valley of First Herring Brook where the

conditions appear to be favorable, judging from surface indications, for

obtaining good water from the ground in considerable quantity, and the

Board would, therefore, advise that further investigations and tests by

means of tubular wells be made in the valley of First Herring Brook.

The Board will assist you in these investigations by making the neces-

sary' analyses of samples of water, and will give you further advice in -the

matter when the results of further investigations are available.
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Shirley.
Nov. 6, 1902.

To the Water Supply Committee of the Town of Shirley, Fred D. Weeks, Thomas
L. Hazex, James P. Tolman.

Gentlemen : — The State Board of Health has considered your appli-

cation for advice with reference to a proposed water supply for the town

of Shirley to be taken from a well which it is proposed to locate near the

brook which flows through the village about 300 feet east of the No. 2

mill of the Samson Cordage Company, and has caused the locality to be

examined by one of its engineers.

The place at which it is proposed to locate the well is at the foot of a

steep bluff on the southerly side of the brook, where ground water per-

colating toward the river from the high plain to the southward finds an

outlet. While there are no means of obtaining a sample of water from the

ground at the proposed location of the well, an analysis of the water of a

spring located not far from the proposed well, and analyses of the water

of the well from which the supply of the cordage works is now drawn,

which is located about 250 feet up stream from the proposed well, show

that the waters of both of these sources are of excellent quality for pur-

poses of a public water supply, and it is probable that these sources repre-

sent the character of the ground water in the neighboxiiood.

No tests of the character of the soil at the site of the proposed well have

been made which would furnish definite evidence as to the quantity of

water obtainable at this place, but the circumstances of the location and

apparent character of the soil, together with the indications furnished by

the yield of the well at the cordage works, are indications that a sufficient

quantity of water can be obtained in this locality for the requirements of

Shirley.

The Board is of the opinion that the indications furnished by the inves-

tigations thus far made are sufficiently favorable to warrant further tests

at this locality, and that if it is found to be feasible to obtain an ample

suppl}'^ of water from a well or wells at this place, of a quality similar to

that obtained from the well and spring, this source would be an appro-

priate one for the town of Shirley.

SOUTHBOROUGH.
July 3, 1902.

To the Board of Health of the Town of Southhorough, Mr. Charles L. Fairbanks,

Chairman.

Gentlemen : — In response to your application for advice as to a water

supply for the public schools of Southborough, in the centre of the village,

in which you indicate four wells as available sources of supply, the Board

has caused the surroundings of these wells to be examined and samples

of their waters to be analyzed.
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The first well, situated ou the easterl}' side of the Marlborough road aud

used at the present time as a source of supply for a private house, is

located at a considerable distance from sources of pollution. The analysis

of the water shows, however, that it has been at some time polluted by

sewage but subsequently well purified in its passage through the ground,

and is probably, in the condition in which it was found at this time, a safe

source of drinking water supply. The water, however, is harder than is

desirable, and a change in the circumstances attending the pollution of the

water may at any time render it unsafe for drinking, and considering these

circumstances the Board cannot recommend this well as a source of water

supply for the public schools of the town.

The water of the second well examined, located in a field in the rear of

the town hall, and of the third well, situated immediately back of the town

hall, was found to be of poorer quality than the water of the first well

examined, while the fourth well, located in the high-school lot about 100

feet from the main street, gave evidence at this time of the presence of

uupurified sewage, and the Board would advise that further use of water

from the latter well be prevented without delay.

The Board would advise that you have investigations made with a view

to securing a supply of water for the schools from the ground at some

place near the village where the water is not subject to pollution by sewage.

A supply of well or ground water will have decided advantages over a

supply from any surface water source.

Springfield.
April 3. 1902.

To the Board of Water Commissioners of the City of Springfield, C. L. Goodhue,
Chairman.

Gentlemen: — The State Board of Health received from you on June

28, 1900, the following application for advice as to the water supply of

the city of Springfield :
—

The city of Springfield desires the advice and co-operatioh of your Board in the

matter of the experimental filtration of the waters of the Ludlow and Jabish Brook
sources. It is the intention of the city to construct an experimental filter plant,

of isuch design and capacity as may meet the approval of your Board, and to

maintain and operate such plant under all climatic conditions, for such length of

time and in such manner as your Board may suggest, with a view to determining
conclusively

First.— Whether or not these waters can, by filtration, be made always suitable

in quality for the future permanent uses of the city.

Second.— Whether or not, from all the results reached by the expei'iments, the

purification by filtration of all the water which these sources may by further

development of capacity be made to yield would be the most economical, practi-
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cable and appropriate method of providing the city with a satisfactory supply of

water for the period of years extending forward to the time when the limit of the

enlarged capacity of the sources will be reached.

Subsequently the experimental filter plant proposed in the application

was constructed at Ludlow Reservoir, and provision made for carrying on

experiments for the purification of the water of the reservoir and of the

canal conveying water from Jabish Brook and other streams to the Ludlow

basin. The filter plant was of ample size and capacity for carrjnng on

experiments on a sufficient scale to determine the feasibility of the puri-

fication of the waters of these sources, and to form a basis for an estimate

as to the probable cost of the necessary works.

The filtration plant was operated from near the end of December, 1900,

to Feb. 1, 1902. During this time the Board has co-operated with you in

the general operation of the experiments, and has made the necessary

chemical, mici'oscopical and other analyses and observations upon the

character of the waters and the operation of the filters, the results of which

have been furnished your engineer from time to time.

Numerous analyses of the water of Ludlow Reservoir have been made

by the Board during the last fifteen years, and consequently much infor-

mation is available as to the general character of the water of this source.

Under usual conditions the water of the reservoir has a very objectionable

taste and odor during much of the warmer portion of the year on account,

chiefly, of the presence of the organism Anabcena in great numbers. The

water is also sometimes very objectionable in the latter part of the winter

and early in the spring on account of the presence of great numbers of

certain Infusoria.

The results of all the examinations of this water during the year 1901,

when compared with those of previous years, show that the water during

1901 contained, on the whole, less organic matter and was in other respects

less objectionable than was the case in any of the previous years, excepting

those immediately following the previous drawing off and refilling of the

reservoir.

The condition of the water in the winter and spring of 1901 was not

materially different from its condition at this season in other years, and

the experiments carried on during this time were carried on under con-

ditions such as have usually existed at this season of the year.

In the later spring and early summer, on the other hand, the quality of

the water was better than usual, and in the months of June and July it was

better than has ever been known before during these months. The quantity

of organic matter in the water increased rapidly in August, great numbers

of Anabcena appearing in the water, and from early in August until after

the middle of September, a period of about six weeks, the quality of the
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water was as bad as ever known at this season of the year. After the

middle of September, however, the quality of the water improved rapidly

and became, during the remainder of the year, much better than in the

latter part of any previous year.

The principal filter used in the experiments upon the purification of

Ludlow Reservoir water contained, above the underdrains, about 5 feet of

medium sand a little coarser than that in the filter of the city of Lawrence.

This sand was used because it appeared to be well adapted for the purpose,

and a large quantity of it appeared to be easily available in the neighbor-

hood for the construction of filters if necessary. This filter was operated,

except for a short time, as a continuous filter at a rate of 2,500,000 gal-

lons per acre per day, and in the latter part of the year at a considerably

higher rate, and was successful in removing the objectionable odors from

the reservoir water except at the time of the presence of the excessive

quantities of organic matter in August and September, when the efHuent

of the filter had for a time the odor characteristic of the water of the

resei'voir and in nearly as pronounced a degree.

The results obtained by filtering the water through other similar filters

at a rate nearly twice as great as that employed during the greater part of

the year with the large filter were nearly equal to those obtained with that

filter. None of the filters, however, to which Ludlow Reservoir water was

directly applied removed the characteristic odor from the reservoir water

during the time in August and September when this water contained

excessive quantities of organic matter.

An experiment upon the refiltration of the reservoir water was begun

early in August and continued until the end of the experiments. This

experiment consisted in applying the eflfluent of the large filter to another

similar filter at a much more rapid rate. This secondary filter successfully

removed the taste and odor from the effluent of the larger filter, and the

effluent of the secondary filter was at all times during its operation of good

qualitj' and suitable for the purposes of a public water supply.

The results of the experiments indicate, in the opinion of the Board,

that it will be possible to purify Ludlow Reservoir water by a system of

double filtration, so that the water will be freed from the disagreeable

taste and odor which now make it so objectionable for domestic uses dur-

ing much of the year.

Experiments were made upon the purification of the canal water with

similar filters and in a similar manner to that emploj^ed in the filtration of

the reservoir water.

During the year 1901 the canal water contained much smaller quantities

of organic matter and organisms than were found in the reservoir water,

and the largest numbers of organisms were present at a time when water

from Belchertown Reservoir entered the canal accidentally. The water of
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the canal is much more highly colored under ordiuaiy condition^ than the

water of the reservoir, and a smaller proportion of the color was removed

by filtration.

The results show that, under conditions similar to those which existed

in 1901, objectionable tastes and odors and a considerable portion of the

organic matter can be removed from this water by filtration, and the color

can be noticeably reduced so that this water would be of good quality for

the purposes of a public water supply, though the color would probably at

times be quite noticeable.

In response to your second question, " Whether or not, from all the

results reached by the experiments, the purification by filtration of all the

water which these sources may by further development of capacity be made

to yield would be the most economical, practicable and appropriate method

of providing the city with a satisfactory supply of water for the period of

years extending forward to the time when the limit of the enlarged capacity

of the sources will be reached," — the Board has considered the pi'obable

future requirements of Springfield in the matter of a public water supply,

the capacity of Ludlow Reservoir and tributary water-sheds, and the

feasibility of supplementing the supply from those works in the future.

The Ludlow and Jabish Brook sources, as developed at pi'esent, will

become insufficient for the supply of the city within a very few years in

the future. The present canals are incapable of carrying the flow of the

streams during the period when the flow is highest. A material increase

in the yield of the sources could be made by enlarging the capacity of the

canals, and, if the canal from Jabish Brook should be enlarged so as to be

capable of carrying the whole flow of that stream, it is probable that enough

water could be obtained from the Ludlow source for the supply of the city

of Springfield for the next ten j^ears ; after that time it would be necessary

to supplement the supply from some other source, unless a material reduction

should be made in the consumption of water per person.

The best available source from which to supplement the supply is the

Swift River, from which water can be taken either by gravity from the

west branch of the stream or by pumping from the main stream lower down.

"Water from the west branch can be conveyed to the Ludlow Reservoir by

gravity through a conduit estimated by your engineer to be about 17 miles

in length and to cost about S900,000. Water can be pumped from the

river at a point just above Duckville at a much smaller expense. The

water of the Swift River at the point from which it could be taken by

gravity would be of excellent quality for all domestic purposes, and might

be supplied to the city without filtration, but the yield of this source in the

summer season would be a small proportion of the quantity required for

the supply of the cit}' by the time this source would be introduced ; and it

is likely, moreover, that if the plan of taking water from the Swift River
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by gravit}^ should be adopted the capacit}^ of the Avorks would be reached

again in less than forty years. If water should be pumped from the Swift

River in the neighborhood of Duckville a suppl}' would doubtless be secured

sufficient to last for more than forty years in the future. It thus appears

that the development of an adequate supply of water for Springfield from

the Ludlow Eeservoir and Jabish Brook sources will require, first, a filtra-

tion plant, and, subsequentl}', an enlargement of the canals supplying Lud-

low Reservoir, and in about ten j^ears the construction of works for taking

water from the Swift River.

The only other available source from which it appears to be practicable

to obtain a large quantity of good water at reasonable expense is the east

branch of the Weslfield River, above the town of Huntington. In a pre-

vious communication regarding the use of this stream as a source. of water

supply for Springfield early in 1900 the Board advised that, in its opinion,

this stream was an appropriate and would be a satisfactory source of water

supply for that city. The water of the east branch of the Westfield River,

with a suitably constructed reservoir, would probably be at least equal

in quality to the water of the Ludlow and Jabish Brook sources after

filtration.

A comparison of the estimated cost of engineering structures and mill

damages for taking water from the Westfield River, with the estimated

probable cost of filtering the Ludlow and Jabish Brook sources and making

the necessary additions and enlargements, indicates that the cost of a

supply from the Westfield River is likely to be less to the city of Spring-

field than the cost of a supply from the present sources developed to their

fullest capacity, and very much less than the cost of a supply from the

present sources increased bj' water from Swift River, which increase would

probably be required within ten years.

Having considered the results reached by the experiments and the

information relative to the various sources, the Board is of the opinion

that the east branch of the Westfield River, above Huntington, would be

the most appropriate and satisfactory source of public water supply for

the city of Springfield.

May 23, 1902.

To the Board of Water Commissioners of the City of Spi'ingjield, Mr. Charles L.

Goodhue, Chairman.

Gentlemen : — On April 3 the State Board of Health sent you a reply

to your application for advice as to the feasibility of improving the quality

of the Ludlow and Jabish Brook sources, and as to the most appropriate

source of water supph' for Springfield for the future. In this communi-

cation the Board presented its general conclusions upon the results of the

investigations and experiments upon the filtration of the Ludlow and

Jabish Brook sources carried on during the year 1901 and in the early
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part of 1902. The results of the analyses aud of observations upon the

experiments were reported to you, or to your engineer, from time to time

as the work progressed. These results have been brought together and

summarized in a report of the chemist of the Board, and the Board now
sends you this report, which contains in detail the results of all the various

experiments upon the filtration of the Ludlow and Jabish Brook waters

carried on at youV experiment station at Ludlow Reservoir in the years

1901-1902.

Stoughton.
Sept. 4, 1902.

To the Board of Health of the Town of Stoughton.

Gentlemen :— The State Board of Health received from you on August

14: a communication requesting advice as to the condition of certain wells

in the town of Stoughton, and subsequently the Board caused the wells

indicated by you to be examined by one of its engineers and samples of

their waters to be analyzed. One of the wells indicated is located on the

Morton estate in Morton Square in the central portion of the village of

Stoughton, and the other at the corner of Pearl and Central streets.

The results of the analyses show that the water of both wells is greatly

polluted by sewage, evidently derived from the sink drains and cesspools

in their neighborhood.

The Board would advise that the use of water from these wells for

drinking or cooking be discontinued.

Sturbridge (Fiskdale Mills).

Aug. 7, 1902.

Mr. Franklin D. Williams, Treasurer Fiskdale Mills, Boston, Mass.

Dear Sir : — In response to your application for advice with reference

to a supply of water for the Fiskdale mills and the tenements "in their

neighborhood in Fiskdale, the Board has caused the locality to be examined

by its engineer, and samples of water from test wells aud other possible

sources of water supply in the neighborhood to, be analyzed.

At the time the application was submitted in September, 1900, a reser-

voir was being constructed upon a hill south of the village to furnish

pressure for fire service about the mills, and test wells were being suuk in

the low land on the south side of the river opposite the mills. Samples of

water collected from these test wells from time to time up to the beginning

of winter were found to be of good quality, but further investigation was

then discontinued. In June of last year several of the wells were con-

nected and a pumping test was made by pumping from them for a period

of several days in order that the probable quantity aud quality of water to

be obtained from these wells might be determined, and several samples

of the water were collected and sent in by you while the test was in prog-
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ress. The results of the analyses of these samples show that the water,

while somewhat hard, is in all other respects of excellent quality for the

purposes of a water supply. The quantity of water which these wells were

capable of furnishing was found, however, to be very limited, and probably

insufficient even for the present supply of the mills and tenements.

Further tests were then made by means of other wells in this neighborhood,

but the information furnished by your engineer as to the results of the

further tests indicates that the area containing porous soil which will yield

water freely is quite limited, and that it is improbable that an adequate

supply of water can be obtained from the ground in this region.

There does not appear to be any other place in the immediate neighbor-

hood of the mills from which it is likely that an adequate ground-water

supply for the village could be obtained. It might be possible, by the

construction of a reservoir upon one of the small streams flowing from the

higher land south of the river, to secure an adequate supply of water for

the village and mills by gravity, but the cost of the necessary works would

be large.

As already indicated, a portion of the wells are located in porous soil,

and if water could be applied in considerable quantity to the ground near

these wells the yield of the wells could doubtless be increased. It is

practicable to convey water by gravity from the upper dam or canal to the

ground about the wells, and, by applying the water intermittently and at a

considerable distance from the wells, the quality of the well water would

probably not be affected unfavorably.

It would be practicable to filter the water of the Quiuebaug River and

in this way secure a supply of water that would be of good quality for

drinking, but the cost of a satisfactory supply of filtered water obtained

in this way would be considerably greater than the cost of a supply from

tubular wells supplemented in the manner outlined.

Considering the conditions, the Board would advise that you make
another test of the wells by applying water to trenches or prepared areas

in their neighborhood, and determine by pumping from the wells whether

the water filters into them through the gx'ound, and whether the yield can

be made in this way sufficient for the requirements of the mill properties.

The Board will assist you in the investigation by making such analyses of

samples of water as may be necessary, and will give you further advice in

the matter when the results of a further test are available.

Sunderland.
March 6, 1002.

To the Board of Selectmen of the Town of Sunderland.

Gentlemen : — In response to your application of February' 17 for advice

with reference to the use of Sawmill Brook as a source of water supply for

the village of Sunderland, the Board has caused the proposed source to
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be examined by its engineer and samples of water sent in by you to be

analyzed.

The results of the analyses show that at the present time the water of

Sawmill Brook has but little color and is in other respects of good quality

for the purposes of a public water supply, and the source does not appear

to be exposed to danger of pollution, since the water-shed is uninhabited.

While no measurements of the flow of the stream in dry weather are

available to the Board, the size of the water-shed is such that it is probable

that this source can be made to yield an ample supply of water for the

requirements of the town.

It is not practicable to determine from analyses made at this season of

the year the probable qualit}'^ of the water at other seasons, but, so far as

can be judged from the investigations that have been made, the Board is

of the opinion that Sawmill Brook at the point at which it is proposed

to take the water would be an appropriate source of water supply for

Sunderland.

Tewksbcry.
Nov. 6, 1902.

To the Water Supply Committee of the Town of Tewksbury, Edw^n C. Gerrish,

Chairman, William Dixon, Henry M. Billings, J. Lewis Bdrtt, Benjamin
Spaulding, Secretary.

Gentlemen : — The State Board of Health received from you on June 2

an application for advice with reference to a proposed water supply for the

town of Tewksbury containing the following statement of your proposed

plans :
—

The water supply is for the town of Tewksbury and to embrace both Tewksbury
Centre and the settled portions at North Tewksbury and along the Lowell line.

Advice is asked in regard to the supply being taken from the vicinity of Strong-

water Brook near the Salem Junction station, at a point about 1,700 feet below the

present supply for the State almshouse. The committee believe that an abundant

supply of pure water can be obtained at this point, and that no interference with

the sui^ply of the State almshouse will be occasioned should the town supply be

taken from this point.

A large number of experiments have been made in this viciuit}' in connection

with the State institution supply, and the indications are that there is a very large

amount of ground water in this locality which will be ample to sui)jily all demands,

both of the institution and town.

The location of the supply below that of the institution will not, in our opinion,

affect the supply taken from above at the present pumping station of the State

almshouse.

Your oi)inion of the adequacy of this locality to supply the town of Tewksbury

without endangering the almshouse supply is desired.

If, in your opinion, it is necessary to make further investigations at this i^oint

before rendering a positive opinion on this matter, the committee desire to be so

informed and would desire you also to indicate the nature of such investigations.
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A second source of supply is also contemplated at the Shawsheen River from

the subsoil near Burtt station. The committee will make investigations by means

of driven wells at this point. As this latter point is directly away from the village,

and more expensive thereby than the Strongwater Brook location by about S12,000

to 814.000, it is the opinion of the committee that the first-named location is the

best for the town. The Ic^-ation of the sewage disposal field from the State alms-

house when put in may also be of importance, and our committee desire your

advice in regard to the probable location of this field so that its effect on any

source selected may be determined.

Soon after this applicatiou was received a series of tests of the ground

in the valley of Strongwater Brook were begun, both above and below the

wells at present used as sources of supply for the Tewksbury almshouse,

and tests were also made at many places in the valley of the Shawsheen

River.

The waters of all of the test wells in the valley of Strongwater Brook,

both above and below the present wells of the Tewksbury almshouse, were

found to be strongly impregnated with iron, which would make them

objectionable for many uses, and at nearly all of the places tested in the

valley of the Shawslieen River asimilar condition was found. Finally, tests

were made in the valley of the Shawsheen River in the southerly part of the

town near Heath Brook, and at this place the ground water was found to

be of excellent quality- The three test wells at this place all yielded water

freely in large quantities when pumping with a hand pump, and the indi-

cations furnished by this test are, in the opinion of the Board, favorable

to obtaining at this place a sufficient quantity of water of good quality for

the supply of the town of Tewksbury from wells or other suitable works.

On August 26 the Board received through your engineer, Mr. E. Worth-

ington, a request for its opinion upon the following points :
—

First. — Is the present supply of the State hospital capable, with proper develop-

ment, of yielding an abundant quantity of water for both hospital and town?

Second.— In view of the present plant at the hospital as regards fire protection,

would not the supply from a large storage reservoir, with the pressure as indicated

herein, be a material advantage to the institution in fire protection ?

Third.— If an agreement can be made through commissioners or otherwise

between the hospital trustees and the town of Tewksbury with regard to a union

supply to be taken from the present source of the hospital, would it not be a mate-

rial advantage both to the State and town ?

In the opinion of the Board the experience furnished by the test of the

wells now used as a source of water supply for the State hospital, and by

the use of these wells during the past year, shows that this source, with

the addition of further wells when necessary, is probably capable of

furnishing a sufficient supply of water for both the town and the hospital

at the present time, and there is little doubt, judging from the information
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available to the Board, that the expense pf supplying water to the town

and hospital will be much less in case works are operated jointly than if

separate works are maintained for each.

In the opinion of the Board the source at present used for the supply of

the State hospital would be an appropriate and satisfactor}' one for both

the town and the hospital. In case suitable arrangements for a joint

supply cannot be made, the Board is of the opinion that the ground in the

vicinity of Heath Brook near the Shawsheen River affords a good oppor-

tunity, as shown by the recent investigations, for obtaining an adequate

supply of good water for the town.

It is possible that further tests in the valley of Strongwater Brook above

the hospital wells might show that it is practicable to obtain water of good

quality by locating the wells in the upland adjacent to the meadow and

swampy land through which the brook flows.

"Watertown (Hale House Farm).
Mat 15, 1902.

To Mr. G. W. Lee, Chairman of Committee on Hale House Farm, Watertown.

Sir : — In response to your request of May 5, the State Board of Health

has caused an examination to be made of two wells indicated by you on

land bordered by Bailey Road and the Oakley Country Club in Watertown,

which you propose to use for sources of water supply for a small institu-

tion.

One of the wells was found, upon examination, to be filled with stones,

and a sample of the water could not be obtained for analysis. A sample

of water from the remaining well has been collected and analyzed, and the

results show that it contains at present a greater quantity of organic matter

than is usually found in good ground waters.

In the opinion of the Board it is probable that, if the latter well should

be thoroughly cleaned out and provision made for preventing polluting

matters from entering it from the surface, the water would be safe and of

satisfactory quality for drinking so long as its immediate water-shed

remains uninhabited.

"Wellesley (Wellesley College).
Aug. 7, 1902.

To the Trustees of Wellesley College, Wellesley^ Mass., Mr. E. O. Perkixs,

Superintendent.

G-entlemen :— In response to your request received July 7 for advice

relative to a proposed auxiliary water supply for the college, which will be

used to some extent for drinking, the Board has caused the proposed

source of suppl}' to be examined and samples of the water to be analyzed.

The results of the analyses show that the water is slightly turbid and

colored, and the water of one of the samples had a very faintly unpleasant
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odor ou heating. The water contains a larger quantity of organic matter

than is found in good ground waters, and it is evident that it has been at

some time slightly polluted and not thoroughly purified in its passage

through the ground before reaching the place at which the samples were

collected.

An examination of the surroundings of the sources from which the water

is derived shows that they are exposed to danger of pollution by sewage,

and it is not unlikely that the water is of poorer quality at some seasons

of the 5'ear than it was found to be at the time this examination was made.

Considering the circumstances, the Board is of the opinion that this

water is not safe for drinking.

Whatelt.
June 5, 1902.

To the Committee on Water Supjply of the Toivn of Whately.

Gentlemen : — The State Board of Health has considered your appli-

cation for advice with reference to a proposed water supply for the town

of Whately, to be taken from Roaring Brook, and has caused the proposed

source of supply to be examined by its engineer and a sample of the water

to be analyzed.

The results of the analysis show that the water is of good quality for

the purposes of a public water supply. It will be necessary to guard

against danger of pollution of the source from buildings on the water-

shed.

Regarding the quantity of water which this source will yield, the Board

is unable to express a definite opinion at the present time ; but, so far as

can be judged from the information available, it seems likely that the

natural flow of the brook will furnish a greater quantity of water at all

times than would be required for the supplv of Whately, and it appears to

be practicable to increase the yield of the source by the construction of

storage reservoirs at some future time, if it should be found necessary or

desirable to do so.

In the opinion of the Board, .Roaring Brook is an appropriate source of

water supply for the town of Whately. The Board is further of the

opinion that Roaring Brook is an appropriate source of water supply for

the village of South Deerfield also, and that the right to take a water

supply from Roaring Brook should not be granted to Whately to the

exclusion of the village of South Deerfield.

AYhitman.
Jak. 23, 1902.

To the Water Commissioners of the Town of Whitman.

Gentlemen : —The State Board of Health received from you on Jan.

17, 1902, an application for advice with reference to a proposed water

supply for the town of Whitman, in which you state that your plan is to
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construct a filter-gallery and pumping station near the shore of Oldham

Pond, situated in the towns of Hanover and Pembroke, and to provide

a pipe for drawing water from Maquam Pond, which is located near Old-

ham Pond and at a higher level, to the proposed pumping stiation, using

the water of Maquam Pond so long as the quantity furnished may be

sufficient, and supplementing it in the future, when necessary, by water

drawn from a filter-gallery near Oldham Pond.

The Board has carefully considered your proposed plan and has caused

the locality to be examined by its engineer. The topography and the

character of the soil in the region between Maquam and Oldham ponds, so

far as can be judged from surface indications, are favorable to obtaining

a large yield of water from the ground by means of wells or a filter-gallery,

the most favorable location for which would probably be not far from the

shore of Oldham Pond ; and if, upon a thorough test of the ground in this

region, it sliould be found that good water can be obtained freely in large

quantities, the proposed plan of using water from Maquam Pond, supple-

mented with water drawn from a filter-gallery or wells in the region near.

Oldham Pond when necessary, would furnish, in the opinion of the Board,

an adequate supply of good water for the town.

A good ground water, on account of its freedom at all times from color,

taste and odor, would, however, be more satisfactory for the purposes of

a public water supply than the water of Maquam Pond, which, though it

may usually be of excellent quality, is evidently affected at times, in

common with the water of many similar ponds, by an unpleasant taste and

odor ; and if a large quantity of ground water should be found to be

obtainable in the region indicated in your application, it would be best for

the town to use this water, supplementing the supply if necessary with

water drawn from Maquam Pond.

The Board would advise that you cause thorough investigations to be

made, with the assistance of an engineer of experience in matters relating

to water supply, of the feasibility of securing a sufficient supply of water

of good quality for the town from the ground in the neighborhood of Old-

ham Pond. The investigations should include sufficient tests of the ground

near Oldham Pond to determine definitely the probable quantity and quality

of ground water to be obtained there. If the results of the tests near this

pond should be unfavorable, investigations should be made of other plans

by which it may be possible for Whitman to obtain a satisfactory public

water supply from Maquam and Oldham ponds or the region about them.

These possible plans have already been indicated in a previous reply of the

Board upon this subject.

The Board will co-operate with you in these investigations by making

the necessary analyses of samples of water, and will give you further advice

in the matter when you have the results of further investigations to present.
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Jan. 23, 1902.

To the Board of Health of the Toivn of Wliitmayi.

Gentlemen:— The State Board of Health, in response to your request,

has caused the well of the Gurney school on "Warren Avenue and its sur-

roundings to be examined and samples of the water to be analyzed.

The results of the analyses show that the water has at some time been

considerably polluted by sewage, but subsequently quite well purified

before entering the well. While, in the opinion of the Board, the exam-

inations do not show that the water is, in its present state, unsafe for

drinking, the sources from which the pollution of the water is evidently

derived are located at no great distance, and a change in the conditions

affecting the pollution of the water may at any time render it unsafe for

drinking.

The Board would advise that, if the use of this well should be continued,

the water be analyzed from time to time in order that any deterioration

may be detected. This source of supply is not one to be desired, and

should be discontinued when a public water supply that may safely be

used for drinking is available.

Worcester.
March 6, 1902.

To Mr. Arthur P. Rugg, City Solicitor, Worcester, Mass.

Dear Sir:—^ In response to j^our application of February 24 for the

advice and recommendation of the State Board of Health as to the pro-

posed plan of the city of Worcester to take water from the '
' area recom-

mended for the city of Worcester," in the report of the State Board of

Health of 1895 relative to a water supply for the metropolitan district, and

shown upon the map accompanying said report opposite page 48, the Board

has further considered the proposed plan.

A comparison of the estimated capacity of your present sources of water

supply with the records of the quantit}^ of water used by the city during

the past few j^ears shows that at the rate of increase of the past few years

the consumption of water in the city will very soon equal the capacity of

your present works, and an additional supply is requii-ed.

The water-sheds of Asnebumskit and Kendall brooks lie contiguous to

your present sources of water supply, and it is apparently feasible to divert

the waters of these streams, and of an area of water-shed lying between

them, into one of your present storage reservoirs by gravity. The water-

sheds of these brooks are sparsely populated, and it will be practicable for

the city to secure water of good quality from these sources at a compara-

tively small expense.

The Board is of the opinion that Asnebumskit and Kendall brooks and

the water-shed lying between them, approximatel}' as shown upon the plan

above referred to, are appropriate sources of additional water supply for

the city of Worcester.
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Sewerage and Sewage Disposal.

The followino; is the substance of the action of the Board duriner

the past year in reply to applications for advice relative to sewerage

and sewage disposal :
—

Bridgewater.
Dec. 4, 1902.

To the Seiverage Committee of the Town of Bridgewater, W. F. Whitmarsh, M.D.,

Chairman.

Gentlemen :— The State Board of Health rec&ived from you on Aug. 2,

1902, au application for advice relative to a proposed system of sewerage

and sewage disposal in the town of Bridgewater, containing the following

outline of your proposed plan :
—

Accompanying this application are the plans submitted by our engineers, Snow
& Barbour, Boston ; also their report and recommendations.

The system of sewers proposed is the so-called separate system, and a gravity

outfall to the disposal works is shown to be possible for either of two locations,

plans of both being herewith submitted. The Town River location is 12 feet

lower than the South Brook site, but the disadvantage, if such it may be called,

of the Town River location, is its proximity to the water works pumping station.

The adojjtion of the South Brook site will require the pumping of the sewage of

the shoe factor}', but all territory of the village lying above this factory can be

sewered by gravity.

The disposal works comprise artificial sand filters and preliminary treatment

of the sewage in a septic tank, plans of which are herewith submitted. We desire

to be advised particularly with respect to the Town River and South Brook

locations.

Also with respect to the advisability of using the Bassett lot.

The application was accompanied by plans, submitted by your engi-

neers, Messrs. Snow & Barbour of Boston, and by their report and

recommendations.

The plans provide for the collection of the sewage in a system of pipe

sewers, and for purifying it at one of the localities mentioned by first

passing the sewage through septic tanks having a capacit}^ of 250,000

gallons, and subsequently, after aeration, filtering the sewage through

sand filter-beds at a rate of from 100,000 to 150,000 gallons per acre daily,

the effluent to be discharged either into Town River or South Brook,

according to the site selected for the location of the disposal works.

The estimated cost of the disposal works, including land, the septic tanks

and one acre of sand filter-beds, is 817,300. The cost of each added acre

of filter-beds is estimated at S9,500.

The Board has caused the areas indicated as locations for purification

works to be examined by its engineer, and has carefully considered the

plans and report submitted therewith.
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The Bassett lot is not, in the judgment of your engineers, a desirable

place of sewage disposal, an opinion in which the Board concurs. Two
other places are indicated as possible locations for disposal works, one

near the Town River and the other in the valley of South Brook, and the

plans submitted give outlines of disposal works at each of these locations.

The location near the Town River is about 600 feet from the water works

pumping station and close beside a small pond nsed as a source of water

supply by the Bridgewaters Water Company. This location has the

advantage that practically all of the sewage of the thickly settled portions

of the town could be brought to it by gravity, but the soil at this place is

not suitable for the purification of sewage, and, owing to possible danger

of the pollution of the sources of water supply of the town from sewage-

disposal works located in such close proximity to them, the Board is of the

opinion that this location is not a suitable one for the disposal of the sewage

of Bridgewater.

In the South Brook valley soil is found on the southerly side of the

brook suitable for the purification of sewage, and purification works could,

in the opinion of the Board, be located in this valley sufficiently remote

from dwelling houses to be unobjectionable, and the sewage could be

efficiently purified so that it would not create an objectionable condition in

the stream. It is desirable to locate the purification works farther east of

the railroad than indicated on the proposed plan.

The plan of collecting the sewage into a system of pipe sewers from

which surface and ground water will be excluded, as proposed, will be the

best for the town of Bridgewater to adopt, and it will be desirable to pro-

vide underdrainage beneath the sewers where trouble is experienced from

wet cellars, or where there is likely to be leakage of ground water into the

sewers. If no sewage is allowed to be discharged from the sewers or

house connections into the underdrains the water from these drains can

be allowed to flow into local water courses without danger of creating

offence.

It is necessary that the sewage shall be well purified, both as regards

the removal of organic matter and of bacteria, in order to prevent objection-

able conditions in the valley of South Brook below the works and also on

account of the fact that the Taunton River, into which the effluent will find

its way, is used as a source of water supply.

The use of the septic tank in this case is, in the opinion of the Board,

unnecessary, since a well-purified effluent can be obtained without its use

by the ordinary process of intermittent filtration on ground that can be

made available for this purpose and at a rate which is entirely reasonable.

Moreover, the cost of the purification of the sewage of Bridgewater by such

filtration is likely to be considerably less than the cost of efficient purifi-

cation by the system proposed.
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The Board would advise the construction of filter-beds, having an aggre-

gate area of from three to four acres with a depth of filtering material of

at least 4 feet and 5 feet over the underdrains. Enough land should be

acquired to allow for enlarging the filter-beds in the future, to provide for

the growth of the town.

It appears to be impracticable to collect the sewage from a portion of

the village in the neighborhood of the railroad station and easterly there-

from into the proposed sewerage system b}^ gravitj' if the disposal works

should be constructed in the valley of South Brook, and provision for

pumping the sewage from some of the territory near the railroad station

will be necessary. This can doubtless be done at no great expense to the

town. The omission of the proposed septic tanks from your plan will

make it practicable to deliver the sewage at the filtration area at a lower

level, and possibly reduce considerably the area from which it will be neces-

sary to deliver sewage into the system by pumping.

Hull (Fort Revere).
July 3, 1902.

To Capt. Alfred M. Palmer, Dej)ot Quartermaster, U. S. A., 1 70 Summer Street,

Boston, Mass.

Dear Sir : — The State Board of Health received from you on June 20

an application for advice relative to a proposed sewer system at the post

of Fort Revere, Hull, Mass., accompanied by plans showing the location

of the proposed sewers and the proposed outlet on Stony beach, near the

northerly shore of the town of Hull, at a point about 125 feet from shore

and 65 feet inland from the line of low water.

The Board has caused the locality to be examined by one of its engi-

neers and has carefully considered your application and the plans submitted

therewith. The proposed sewers, so far as can be judged from the infor-

mation submitted, are of suitable size and are adapted for the collection

and removal of all of the sewage of the post as proposed at the present

time. The proposed method of disposing of the sewage by discharging it

into the sea is the best that it is practicable to adopt. It is very important,

however, that the outlet be extended beyond the line of extreme low water,

so that the danger that floating matters from the sewage will collect among

the rocks, where they will be liable to be offensive at low tide, will be

avoided. It is understood that the outlet is to be composed of iron pipe

and that no tide gates will be provided. Tide gates will not be necessary

under these circumstances, and the sewage may reasonably be allowed to

discharo-e at all times.
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Lancaster.
Sept. 4, 1902.

To the Board of Health of the Town of Lancaster^ Dr. C. C. Beckley, Secretary.

Gentlemen : — The State Board of Health received from you on August

15 a communicatiou requesting its advice relative to the disposal of the

sewage from the town buildings and other buildings at Lancaster Centre.

In June of last year, in response to an application for advice relative to

the disposal of the sewage of the sanitarium and other buildings in South

Lancaster, the Board advised that the conditions existing there were a

menace to the health of the neighborhood, and that it was important that

sewage be collected and disposed of in some suitable manner, and a copy

of the advice of the Board was sent you at that time with the suggestion

that the matter be committed to an engineer of experience in questions

relating to sewage disposal. You were also advised that the question of

the sewerage of the town in general be taken into consideration in order

that sewers or other woi'ks which might be constructed for the relief of the

district under consideration at that time might form a part of a general

system.

The Board is unable to give you any further advice than this at the

present time. It is especially important that, before you build sewers or

disposal works for any district in the town, the sewerage of the whole town

be carefully considered in order that sewers or disposal works which may
be built for the relief of any district or districts may form a part of the

general system in the future.

The best course for the town to pursue, under the circumstances, in

removing the existing objectionable couditions and providing proper dis-

posal for its sewage is, in the opinion of the Board, to employ an engineer

of experience in matters relating to sewage disposal to prepare a plan for

the collection and disposal of all of the sewage of the thickly settled por-

tions of the town where sewerage seems likely to be required. Such

portions of the works as may be required can then be built from time to

time. When a plan has been prepared the Board will, upon receipt of the

plan, give it careful consideration and advise you concerning it.

Manchester (Essex County Club).
Nov. 6, 1902.

To the Essex County Club, Maiichester, Mass.

Gentlemen: — The State Board of Health received from you on Octo-

ber 23 a plan of a proposed system for the disposal of the sewage of your

club house at Manchester, presented by your engineer, Mr. A. D. Fuller

of Boston, with the request that the Board advise you as to its suitability

for the purpose, the quantity of sewage to be disposed of being usually

about 1,600 gallons per day in summer, as determined by obsei-vations

made by your engineer.
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The plan provides for collecting the sewage into a settling tank from

which it will flow into two sub-surface filter-beds, having a total ai*ea of

1,280 square feet, the effluent from which will be discharged into a third

sub-surface filter-bed, having an area of 600 square feet, whence it will flow

into a meadow and find its way eventually into Sawmill Brook.

Provision is made for flushing the pipes through which the sewage is to

be distributed to the first two beds by carrying the distribution pipes

through the beds so that the sewage used in flushing will be discharged

upon the ground outside of the bed.

The Board has caused the proposed location of the purification works

to be examined by one of its engineers, and, having carefully considered

the proposed plan, is of the opinion that the works proposed are capable

of purifying the sewage efficiently if they receive proper care. There will

be no advantage in placing layers of gravel in the sand, as proposed by

the plan, and this arrangement may interfere with the operation of the

beds. If the proposed arrangement for flushing sewage through the dis-

tribution pipes in the first two beds out upon the ground should be used,

the brook would be polluted thereby, unless some provision should be made

for filtering this sewage before it enters the brook. It is important that

the discharge of unpurified sewage into Sawmill Brook be avoided at all

times, and the proposed flushing arrangement should not be used unless

provision is made for the purification of all of the sewage.

In this, as in other sub-surface disposal systems, the pipes are likely to

become clogged and require cleaning and relaying from time to time.

If this shall be done when required the system can be kept in proper

working order, but if a considerable increase should take place at any

time in the quantity of sewage requiring purification, it will probably be

. necessary to enlarge the filter-beds.

Maynard (American Woolen Company).
Not. 6, 1902.

To the American Woolen Company, ]\Ir. William N. AVood, Treasurer, Mayyiardy

Mass.

Gentlemen : — The State Board of Health has considered your appli-

cation for advice with reference to a proposed system of sewerage for the

large number of dwelling houses recently constructed by you in Maynard,

and the plans of the proposed works submitted therewith, and has caused

the locality to be examined by its engineer.

The plans submitted provide for collecting the sewage from about 100

houses in a system of pipe sewers from which rain water and, so far as

possible, ground drainage are to be excluded, and conveying it to a storage

reservoir in the valley of a small brook near Summer Street having a

capacity of 18,000 gallons, from which it is to be pumped to a filtration

area located east of the County Road and north of Summer Street, about



No. 34.] ADVICE TO CITIES AND TOWNS. 57

3,000 feet from the pumping station, where it is to be purified by inter-

mittent filtration. The effluent from the proposed filter-beds will be dis-

charged into a small stream which flows into the Assabet River near the

village of Westvale.

The capacity of the proposed works for collecting and conveying the

sewage to the filtration area is, in the opinion of the Board, sufficient for

the population which they are designed to serve, and they can be made

to sei-ve a somewhat larger population if found necessary in the future.

The proposed filtration area, which is located upon land owned by the

company in a sparsely settled part of the town, contains soil well adapted

to the purification of sewage by intei-mittent filtration, and the proposed

filter-beds indicated upon the plans submitted with your application are,

in the opinion of the Board, capable of caring for all of the sewage likely

to be received from the population which the present sewers are designed

to serve if the beds are properly constructed and maintained.

The proposed plan will, if carried out, provide for the efficient purifi-

cation of the sewage of the new buildings of the company located in the

district lying south-westerly of the intersection of Summer and Parker

streets in Maynard.

NORTHBRIDGE (WhITINSVILLe) .

April 3, 1902.

To the Sewer Committee, Whitinsville, Mass., Akthur F. Whitin, Secretary.

Gentlemen : — The State Board of Health received from you on Nov.

9, 1901, an application for advice as to a system of sewage disposal for

the village of Whitinsville in the town of Northbridge, and subsequently,

on March 7, 1902, a report from j'our engineers was received giving dn

outline of the proposed plans of sewerage and sewage disposal for the

villages of Whitinsville and Liuwood.

The plan submitted provides for a main sewer beginning near the

northerly shore of Whitin's Pond, so called, at the westerly side of the

village of Whitinsville, and passing south-easterly near the northerly bank

of the Mumford River to the neighborhood of the village of Linwood

;

thence north-easterly to a filtration area on the easterly side of the New
York, New Haven & Hartford Railroad a little over a mile from the village

of Linwood and not far from the Blackstone River. It appears that by

this plan the sewage of nearly all of Whitinsville and of a large portion

of Linwood can be conveyed to the proposed filtration area by gravity.

A small area in Whitinsville, including the Whitin cotton mills, is at such

a low level that it will be necessary to pump the sewage from these mills

and a few other buildings into the proposed main sewer, and it will also

be necessary to pump the sewage from the lower portions of the village of

Linwood in order to dispose of it in connection with the general system.

At the filtration area the plans provide for a settling tank in four com-

partments, having a total capacity of about 135,000 gallons, through which
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the sewage is to pass into a siphon tank having a capacity of 20,000 gal-

lons, from which it will be discharged automatically at intervals upon the

filter-beds. An automatic mechanical device is proposed, by means of

which the sewage will be discharged upon the four sets of beds consecu-

tively. Provision is made for the construction of 52 filter-beds, having an

aggregate area of thirteen acres, 4 sludge beds, having an aggregate area

of about half an acre, and for 13 coke strainer beds, having an aggi-egate

area of about one acre. In the beginning it is proposed to construct the

settling tank, siphon tank, three acres of filter-beds and the sludge beds,

omitting the coke strainers until found necessary or desirable in the future.

The Board has caused the locality to be examined by one of its engineers

and has considered the proposed plans. Examinations of the soil at the

proposed filtration area show that it is suitable for the purification of

sewage, and that, with properly constructed filter-beds suitably under-

drained as proposed, the sewage of the villages can be effectually purified

and satisfactorily disposed of at this place without difficulty for many
years. The area of filters proposed in the beginning should be sufficient

for the purpose, and the area can be enlarged from time to time as required.

The settling tank through which it is proposed to pass the sewage is

larger than will be necessary, and, in the opinion of the Board, a tank of

smaller size might be constructed in the beginning and provision made for

increasing its size in the future when found necessary. A tank sufficient

in size to store the sewage for a period of four or five hours would be

ample, and it will be desirable to make provision so that the sewage can

be discharged directly upon an}^ of the beds if necessary without passing

through the settling tank.

The proposed plan of applying the sewage to the beds intermittently

will, if the proposed device works efficiently, secure an equal distribution

of the sewage to the filter-beds, and in an}' case provision can be made for

applying the sewage to the different beds intermittently, as usual in the

operation of such works.

In the opinion of the Board the plan in general is an appropriate one for

the collection and disposal of the sewage of Whitinsville and Linwood.

While it is not practicable to take the sewage from the lowest portions of

these villages into the main sewer by gravity, this sewage can be pumped

into the general system without special difficulty, and there appears to be

no equally satisfactory method of disposing of the sewage of these low

areas.

Plymouth.
Aug. 7, 1902.

To the Board of Selectmen of the Town of Plymouth.

Gentlemen: — The State Boaixl of Health received from you on June

25, 1902, an application for advice relative to the disposal of the sewage

of the territory in Plymouth lying between the portion of the main village
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now provided with sewerage aud the cordage factory near the northerly

boundary of the town. Plans for the sewerage of this territory which pro-

vided for the discharge of the sewage at two different outlets into the

harbor in front of the town were considered by the Board last year, and

the Board advised that before the sewers be constructed the whole subject

of the future sewerage of the town be considered, with a view to selecting

the best outlet or outlets for the sewage and avoiding the general pollution

of the waters of the harbor near the thickly settled parts of the town.

The plan now proposed is intended to provide for the sewerage of the

territory considered last year. By this plan the sewage from the greater

part of the district will be discharged at a single outlet about 400 feet from

the line of high water and about GOO feet south of Robbins wharf, near

the foot of Lumber Lane. The southerly portion of the areas included

in the previous plans is, by the present plan, to be made tributary to the

existing system of the central portion of the town, while the northerly por-

tions of those areas will be made tributary to an existing private sewer

system put in by the cordage works.

The Board has caused the territory to be examined by its engineer and

has considered the proposed plan. The new plan has the advantage over

the one submitted last year that a single outlet will be provided instead of

two outlets, but the single outlet now proposed is an objectionable one,

since the sewage would be discharged in front of the town, where there is

a large area of flats exposed at low water, and no considerable channel

for the removal of the s-ewage.

An examination of the available information relative to the existing

sewerage system, and of the contour of the lands for which it is now pro-

posed to provide sewerage, indicates that it may be practicable to dispose

of this sewage through the present main sewer outlet. It appears that a

tributary to the present outlet is designed to extend along ^Yater Street,

to intercept the flow of sewage and manufacturing waste from the mill of

the American "Woolen Company and other buildings, which now discharges

upon the beach close to a densely populated section of the town aud causes

a serious nuisance. A sewer designed to intercept this sewage and dis-

charge it into the main system could, if laid at a proper grade, be extended

to receive the sewage of the areas now under consideration, and thus con-

vey this sewage to the present main sewer outlet. This outlet is situated

in a favorable part of the harbor for the disposal of sewage and does not

appear to cause objectionable conditions at the present time. The cost of

construction of a sewer for the areas now under consideration, to connect

with the present system, as indicated, would probably be but little, if any,

greater than the cost of disposing of the sewage by the plan now proposed.

Considering these circumstances, the Board does not advise the con-

struction of the sewer and outlet according to the plan now proposed, but
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would again advise further study, to determine the feasibility and probable

cost of disposing of the sewage of the district in question in connection

with the main outlet.

It is important, in designing the sewers, to make adequate provision for

the sewage and to keep out storm water, and, so far as possible, ground

water, since it may be found desirable to convey the sewage of the town

at some future time to a more distant outlet or provide purification works.

Nov. 6, 1902.

To Mr, Edward B. Atwood, Chairman, Board of Health, Plymouth, Mass.

Dear Sir:— The State Board of Health received from you. on Oct. 20,

1902, an application for advice with reference to a proposed sj'stem of

sewerage for certain portions of the town of Plymouth, accompanied by a

plan showing the area in which it is proposed to provide sewers and the

location of the proposed outlets.

One outlet is intended to provide for the territory between the district

at present provided with sewers in the central portion of the town and the

sewered area in the neighborhood of the cordage works, and is in general

the territory considered in the previous reply of the Board, dated Sept. 5,

1901. The plan at that time provided for an outlet at low water about

600 feet south of Robbins wharf. The plan now submitted provides for

the collection of the sewage in approximately the same manner, but

instead of discharging the sewage in the neighborhood of the shore, where

very extensive flats are exposed at low tide, the outlet of the sewer is to

be carried a distance of 1,500 feet from the shore to a channel having a

considerable depth of water at low tide, and through which there is a

strong current on the outgoing tide leading directly toward the mouth of

the harbor, while on the incoming tide the current does not set directly

toward the shore, so that there is likely to be a thorough mixing of the

sewage with the water before it can reach the shore.

In the opinion of the Board, the proposed outlet is a satisfactory one

for the disposal of the sewage of the portion of the town which it is

designed to serve.

The cost of disposing of the sewage of the district under consideration

at this place is likely to be somewhat greater than the cost of discharging

it into the present main sewer outlet in Plymouth harbor, but it appears

that you desire to avoid concentrating any greater quantity of sewage at

that place, which is in the neighborhood of the main anchorage ground in

the harbor.

The plan submitted also provides for the disposal of the sewage of the

district at the northerly end of the town into a sewer which now receives

the sewage of the cordage works and many buildings in its neighborhood.

This sewer now discharges into the harbor on the beach between high and

low tide, and, when the tide is low, flows over the beach for a considerable
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distance before reaching the water. A bathing beach in the neighborhood

is used by a considerable number of people, and this outlet under present

conditions is an objectionable one.

A channel which has been dredged for boats not far from the present

outlet contains at all times a considerable depth of water, and if the cord-

age works sewer should be extended to this channel it is likely that this

outlet would be a satisfactory one until the quantity of sewage becomes

much larger than would be furnished by the district tributary to this sewer

at the present time.

Revere.
Sept. 4, 1902.

To the Special Committee on Seicerage of the Town of Severe, Mr. Michael
Sullivan, Chairman.

Gentlemen :— The State Board of Health received from you on August

5 an application for advice relative to a pi'oposed extension of the sewer-

age system of the town of Revere, containing the following outline of your

proposed plan :
—

It is the intention to bring the sewage of practically the whole of the town of

Revere (except North Revere and about 200 acres at the south-westerly corner of

the town), by gravity, to a point below Young's Hill, so called, and to there build

a pumping station.

The sewage to be here pumped and delivered through an iron force main out

to sea beyond the end of Cherry Island Bar, at a point not less than 1,U00 feet

beyond the end of the present sewer, or not less than 2,oOO feet from high-water

line.

Reference may be had for further detail to the accompanying map, made by

"Whitman & Howard, engineers, marked " Method No. 2
;

"' also to a copy of a

report to same, on file in the office of the engineer of your Board.

You have also submitted the results of investigations, by means of floats,

of the movement of the water of the sea in the neighborhood of the pro-

posed outlet under various conditions of wind and tide.

The Board has caused the proposed outlet and its surroundings to be

examined by its engineer, and has examined the plans and the results of

the float experiments submitted therewith.

The results of the float experiments show that the tidal currents in the

vicinit}' of the proposed outlet are extremely weak, and show that the

movement of sewage discharged at this place would be influenced very

largely by the direction of the wind, and very little by the movement of

the tides. Under these conditions, floating matters discharged with the

sewage would be liable, when the wind is blowing toward the shore, to be

cast up on the beaches in the neighborhood.

The shores about this outlet are densely populated, and are used for

bathing by very large numbers of people, the number of bathers probably

being greater in the summer season in this neighborhood than at any other



62 STATE BOARD OF HEALTH. [Pub. Doc.

place on the shores of the State. Considering the results of the float

experiments in connection with the other circumstances, the proposed out-

let is not, in the opinion of the Board, a suitable oue for the disposal in

future of the sewage of the portions of the town of Revere indicated in the

plan submitted.

The Board would again advise a careful investigation as to the feasibility

and probable cost of disposing of the sewage of Revere into the metro-

politan sewerage system, since it appears possible, from the information

thus far available, that the sewage of the town can be disposed of most

satisfactorily by this plan. The Board would also advise that the sewerage

of the areas in the extreme north-easterJy and north-westerly portions of

the town be considered at the same time, so that provision can be made

for the disposal of the sewage of these areas whenever it may become

necessary. When you have prepared further plans for the disposal of the

sewage of the town, the Board will, upon application, give you further

advice in this matter.

SWAMPSCOTT.
Mat 1, 1902.

To the Sewer Commissioners of the Town of Sioampscott.

Gentlemen : — The State Board of Health received from you on April

15, 1902, an application for the advice of the Board relative to the sewerage

of Swampscott and the approval of certain plans of sewerage and sewage

disposal presented in a report made by E. Worthington, civil engineer,

submitted with your application.

The plans provide in general for the collection of all of the sewage of

the town at a receiving basin and pumping station, to be located at the

corner of Humphrey Street and Tuttle's Lane, so called, in Swampscott,

whence the sewage is to be pumped to an outlet into the sea about 300 feet

south of Dread Ledge, as shown on plan submitted April 28, 1902.

By the proposed plan the town is divided into four districts, known as

the central section, the western section, the eastern section and the eastern

pumping section. Sewage from the first three sections will flow to the

receiving reservoir and pumping station by gravity. The easterly pumping

section comprises an area in the north-easterly part of the town extending

from the southerly end of Phillips beach to the Marblehead line, and

extending about half a mile back from the seashore. The sewage of this

district is to be collected at a small receiving basin and pumping station

to be located near the corner of Atlantic Avenue and Beach Bluff Avenue,

whence it is to be pumped into the main sewer of the eastern and central

sections in Atlantic Avenue, at a point about 250 feet west of Ocean

Avenue.

Profiles of the two main sewers, one for the westerly and a portion of

the central sections, and the other for the easterly gravity and pumping

sections, including also another portion of the central section, have been
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submitted with the application. Details of the proposed receiving basins

and pumping stations have not been presented, excepting the statement

that the main receiving basin is to have a capacity of 250,000 gallons, and
to be so designed that it can be enlarged if necessary. The sewage is to

be discharged through an 18-inch iron force main to the proposed outlet

at Dread Ledge.

The Board has carefully considered the application and report and
plans submitted therewith. The general plan of collecting the sewage of

Swampscott at a central location and pumping it to an outlet into the sea

at Dread Ledge is, in the opinion of the Board, the best it is practicable

to adopt. The results of float experiments at Dread Ledge and the experi-

ence in the disposal of sewage into the sea indicate that sewage discharged

at this outlet will not be noticeable upon any shore or beyond a limited

area upon the water in the neighborhood of the outlet.

The plan of sewerage submitted appears to provide for all portions of

Swampscott which require sewerage at present, and to be capable of being

developed to serve all parts of the town. The two main lines of sewers—
one from the easterly and the other from the westerly section through the

central section to the pumping station— are adequate for the present

needs, and will remove the sewage from a larger population than these areas

now contain, allowing for a considerable growth of the town in the future.

The location of the proposed pumping station and receiving resen^oir

indicated on the plan is a suitable one, and, if the pumping station and
reservoir are properly constructed, and provision made for ventilating into

the chimney of the pumping station the reservoir, screen chamber and all

other places from which an odor of sewage might escape, no odor of sewage
need ever be noticeable in the neighborhood of the works.

The capacity of the proposed reservoir and force main is sufficient for

the present requirements of the town, and, by enlarging the reservoir when
necessary, these portions of the works will meet the requirements of the

town for a long time in the future.

Provision should be made for screening the sewage at the pumping sta-

tion ; and it is desirable, in designing the resen'oir, to make further pro-

vision for the retention of floating matters, if it should be found necessary

or desirable to remove them from the sewage more thoroughly than can be

done by screening.

The Board hereby approves the general plan of sewerage and sewage
disposal for Swampscott as presented in the application and report now
submitted.

Taunton.
Jan. 25, 1902.

To the Sewer Commissioners of the City of Taunton.

Gentlemen : — In response to your request for an extension of the time

within which the sewage from those portions of the city of Taunton west
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of the Taunton River shall be disposed of upon lands in Berkley, the State

Board of Health gave a public hearing in Taunton on Jan, 22, 1902, notice

of the hearing having previously been published. After this hearing the

Board voted to extend, for three j'ears from July 1, 1902, the time within,

which the sewage from the sections of the city of Taunton indicated shall

be disposed of upon lands in Berkley ; so that an essential part and

feature of the system of sewerage and sewage disposal of Taunton as

approved by the State Board of Health is that all sewage from these

sections of said city on the westerly side of the Taunton River, shown upon

the map entitled " Map of a section of the city of Taunton for proposed

sewerage system. Luther Dean, city engineer, 1897," filed with the peti-

tion of the sewer commissioners of the city of Taunton in 1897, shall be

disposed of upon land upon the Assonet Neck Road described in the com-

munication from said commissioners to said State Board of Health, dated

June 16, 1897, on or before the first day of July, A.D. 1905.

Waltham.
May 15, 1902.

Hon. iluERAY B. Clement, Mayor, Waltham, Mass.

Sir : — The State Board of Health has considered your application for

advice relative to a proposed extension of the sewerage system of Waltham,

for the purpose of protecting the public water supply of the city, and the

plans submitted therewith.

The plans show the outlines of two proposed schemes for providing

sewerage for low territory near the Charles River, and for the Roberts dis-

trict, so called, in the westerly' part of the city.

By the first plan, a sewer Avould be extended from the present sewer in

Elm Street near Benefit Street up stream along the south bank of the

Charles River and close to the edge of the river to Crescent Park, so called,

thence across the river in the neighborhood of the water works pumping

station by either of two possible routes and along the northerly side of the

river to Roberts. This plan, according to the information furnished by

you, would provide for the sewerage of all of the Roberts district and

nearly all of the low area about Crescent Park, but would not provide for

a small section at the southerly end of Crescent Park, and sewage from this

small area would have to be pumped in order to enter the proposed sewer.

Sewage from the works of the Waltham Watch Company, wliich is now
removed by pumping, could be received into the proposed sewer by gravity.

Of the two routes for crossing the river, one would pass close to the present

well and pumping station of the Waltham water works, while the other,

which is longer and more expensive, would cross the river farther down
stream.

By the second plan, the sewage on the south side of the river would be

collected in the neighborhood of the easterly side of Crescent Park and
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pumped into au existing sewer in Crescent Street. An outlet for the

sewage of the Roberts district on the northerly side of the river would be

provided when necessary under this plan by means of a sewer beginning at

Prospect Street on the northerly side of the river, and extending through

the cemetery and the water works reservation to Roberts ; and it appears

to be practicable, by laying this sewer at a grade of about 1 in 200, to

collect the sewage from the districts about Roberts which seem likely to

require sewerage for a long time in the future. The cost of the second

plan is estimated to be §29,500.

The Board has carefully considered the plans and information submitted

therewith and has caused the locality to be examined by one of its engi-

neers. It appears that b}' either plan it will be possible to provide

adequately for the sewerage of the districts under consideration, allowing

for a large growth in population in the future.

The expense to the city of the collection and disposal of the sewage of

the region in the neighborhood of Crescent Park and Roberts by gravity,

as provided for in the first plan, would be much greater than the expense

under the second plan, which provides for conveying the sewage from

Roberts into existing sewers on the northerly side of the river and pumping

the sewage from the region of Crescent Park into existing sewers on the

south side of the river, even including a liberal allowance for the cost of

pumping.

Considering all the circumstances, the Board is of the opinion that the

most appropriate of the two suggested methods of collecting and disposing

of the sewage of the Crescent Park and Roberts districts is by pumping the

sewage from the region about Crescent Park into existing sewers on the

south side of the river, and by collecting the sewage from Roberts when
necessary into a sewer on the north side of the river to connect with existing

sewers on that side.

By either of the proposed plans, the main sewer from Roberts will pass

through the water works reservation and within a short distance of the

well and filter gallery from which the water supply of the city is drawn.

The sewer in this vicinity should be constructed of cast-iron pipe with lead

joints, in order to prevent the possibility of contamination of the water

supply by leakage from the sewer. Further investigations may show that

it is feasible to convey the sewage from the Roberts district across the

river at a point further up stream, and there discharge it into the sewers

of the city of Newton ; or, by the construction of a sewer along the southerly

side of the river, to convey it to Crescent Park, where it can be pumped
in connection with the sewage from the Crescent Park district. If the

latter plan should be found, upon further investigation, to be a practicable

one, it would be best to adopt it, and avoid the construction of a sewer

in the neighborhood of the well and filter-gallery.
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"Welleslet.
April 26, 1902.

To the Committee on Sewerage of the Toivn of Wellesley, Joseph W. Peabodt,
Chairman.

Gentlemen: — The State Board of Health has considered your appli-

cation for advice with reference to the sewerage of the town of AYellesley,

in which you give the following outline of your proposed plan :
—

The plans herewith submitted contemplate a system of sewage collection for

disposal by sand filtration.

The sewage of the western or main portion of the town to be collected by gravity

into a trunk sewer to be laid in Washington Street from the summit near top of

" Lower Falls Hill," so called, to Abbott Road, thence in Abbott Road to the head

of Fuller Brook valley, thence in Fuller Brook valley to a pumping station to be

located near the Waban aqueduct bridge, at the confluence of Fuller and Waban
brooks.

The sewage to be pumped from this point through an iron force main laid in

Dover Street, Washington Street and Blossom Street, to the filtration area indi-

cated on map.

It is planned to collect the sewage of the Lower Falls section into a receiving

basin near the westerly bank of Charles River, and lift it, by use of gasolene

engine, through iron force main in Washington Street over summit of Falls Hill,

and discharge into trunk sewer.

The " Walnut Street subdivision, Worcester Street subdivision and Upper Falls

subdivision," indicated on the map, are not contemplated as needing sewers for

a good many years.

Sewage in these sections would have to be lifted by pumping to discharge into

the main sewers of the western section.

The alternative of discharging into the metropolitan sewers, provided con-

nection therewith can be acquired, has been considered, and estimates of i^robable

cost, together with such changes in the system of sewage collection as would be

necessitated, have been compiled.

The Board has considered the plans and information submitted by your

engineer, and has caused the proposed filtration area and the locations of

the proposed pumping stations and other works in the town to be examined

by its engineer.

The town of Wellesley is naturally divided into two portions, — one

sloping easterly tovvard the Charles River opposite Newton, and the other

sloping westerly in the valleys of Fuller and Waban brooks which dis-

charge into the Charles River many miles above the outlets of the streams

of the easterly section of the town.

The investigations show that it is feasible to collect all the sewage of

the present thickly settled portions of the westerly section of the town at

the proposed reservoir and pumping station, near the junction of Fuller and

Waban brooks. An area in the extreme westerly part of the town, which

I



No. 34.] ADVICE TO CITIES AND TOWNS. 67

is at present sparsely populated, is not provided for definitely in the plans

submitted. Two methods for the sewerage of this area are suggested, —
one by a gravity sewer in the valley of Morse's Pond and Lake Wabau and

thence in the valley of Wabau Brook to the pumping station, and the other

by pumping the sewage into the sewers of the central portion of the town.

It does not appear essential, from an examination of the plans and infor-

mation submitted, to select definitely at the present time a plan for the

sewerage of these areas, and provision for their sewerage can safely be

left for future consideration.

The plan for the sewerage of the easterly section of the town provides

for collecting the sewage from nearly all of the thickly settled areas in this

part of the town at a proposed reservoir and pumping station near the

Charles River, near the Newton Lower Falls station on the Boston & Albany

Railroad. Certain areas in the valley of Rosemary Brook, in the extreme

easterly portion of the town, and in the portion of the town about the

northerly end of Walnut Street, are not included in this plan ; and the

suggestion is made by your engineer that the sewage be pumped from these

areas, when sewerage becomes necessary, into the central system. It also

appears from this report that the sewage froiii these areas can be collected

at the proposed pumping station at Lower Falls by gravity, by means of a

sewer near the bank of Charles River in Wellesley ; and, from an exami-

nation of the localit}^ it seems probable that this plan would be more satis-

factory for the town, all things considered, than pumping the sewage from

these areas.

The plans provide for receiving sewage only into the sewers, excluding

storm water and ground water so far as possible ; and in many places

where sewers are to be laid below the ground-water level it is proposed to

use iron pipes with lead joints, to prevent leakage of ground water into the

sewers. These are important provisions, and should be carefully carried

out, so that the quantity of sewage may be kept as small as possible.

The proposed filtration area is situated in a remote and sparsely popu-

lated portion of the town, and there are no dwelling houses in the immediate

neighborhood of the place indicated for the filter-beds. Examinations of

the soil show that it consists largely of coarse sand and gravel, well adapted

for the disposal and purification of sewage ; and an ample area is available

here for the purpose, even though the town should continue to grow rapidly

for a long time in the future.

The profiles of the proposed sewers and details of the proposed filter-beds

have not been submitted, and the Board is unable to advise concerning them.

The system, as a whole, in the opinion of the Board, judging from the

outlines submitted, is well adapted for the collection and disposal in a

satisfactory manner of all of the sewage of Wellesley, and can be readily

developed to serve all portions of the town.
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The Board has considered the advisability of disposing of the sewage

of Wellesley iu connection with the metropolitan sewerage system ; but

it is evident, from the estimates of cost submitted and the other infor-

mation available to the Board, that the annual cost of the disposal of all

of the sewage of "Wellesley into the metropolitan system will be far greater

than the annual cost of disposal on land within the limits of the town, as

proposed by the plans submitted. It is possible that further investigations

might show that it would be of advantage to the town to dispose of the

sewage of a part or all of the easterly districts into the metropolitan

sewerage system.

Nov. 17, 1902.

To the Committee 07i Sewerage of the Toivn of Wellesley, Joseph "W. Peabodt,

Chairinan.

Gentlemen : — The State Board of Health received from you on Novem-

ber 6 a communication stating that since the publication of your recent

report on sewerage there has been tendered to the committee a tract of

land for sewerage purposes which appears to have superiority, as to loca-

tion, soil, etc., over the one previously brought to the attention of this

Board, and requesting that the Board cause an examination of this tract

to be made and advise you as to its qualities for the purpose of the dis-

posal of the sewage of Wellesley, and as to the relative merits of this area

and the one proposed by you in your application submitted last spring.

In response to this application, the Board has caused the area indicated

by you to be examined by its engineer, and has considered its suitability

for the disposal of the sewage of "Wellesley.

An examination of the soil in several test pits in various parts of the

area now under consideration indicates that the soil beneath surface layers

of loam and subsoil is a coarse and porous gravel. The area is largely

cleared laud, with a nearly level surface, at a sufficient elevation above the

brook into which the effluent will find its way to allow for suitable under-

draiuage, and it is possible that the porosity of the soil is such that very

few, if any, underdraius will be required.

Comparing this area with the one east of Blossom Street proposed iu

your plan submitted last spring, it appears that the area now proposed has

the disadvantage only that it is a little farther from the pumping station,

and a somewhat longer force main will be required ; but, on the other hand,

this area has the advantage over the one on the easterly side of Blossom

Street that filter-beds can probably be constructed here at a considerably

less expense, because the land is more nearly level and has a coarser and

more uniform soil, so that very little underdrainage is likely to be required,

probably none at all in the beginning.

In the opinion of the Board, the location is a suitable one for sewage

disposal purposes, and the area which can be made available for the dis-

A
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posal and purification of sewage would be ample for all the requirements

of the town of Wellesley.

With properly constructed sewage disposal works at this place, receiving

the necessary care, no unpurified sewage would find its way into the brook,

and no injury to the stream or ponds below result.

Westfield.
JuLT 14, 1902.

Tolk'Ir. Arthur S. Kneil, Towyi Solicitor, Westfield, Mass.

Dear Sir : — The State Board of Health received from you on June 7,

1902, an application giving notice of the intention of the town of West-

field to install a system of storm water drainage for the town, and subse-

quently a plan of the proposed drains was furnished by your engineer.

The plan provides for two main storm water drains, one in the valley of

the brook draining the northerly portion of the main village south of the

AYestfield River, which is to have an outlet into the Westfield River a short

distance below the present main sewer outlet, and the other in the valley

of the brook which drains the southerly portion of the main village south

of the Westfield River, which will have an outlet into the Westfield Little

River near its mouth.

The northerly drain will take the surface water from the valley of the

northerly brook, with the exception of the flow from two areas, one near

the upper end of the water-shed, which is at a sufficient elevation so that

the water can be carried above the top of the dike into the Westfield River

at a convenient place, and the other an area near the lower end of the

water-shed of the brook, which is largely farming land, and can be suflfl-

ciently drained by the natural water courses.

The southerly drain is designed to serve the entire natural water-shed

of the southerly brook, excepting a section near the lower end, which, as

in the former case, does not now require drainage, and can be drained

sufficiently by the natural water courses. Water from the upper end of

this water-shed can be diverted into the Westfield Little River if it should

be found desirable to do so in the future.

The Board has caused the location of the drains and their outlets to be

examined by one of its engineers, and has carefully considered the plans

submitted.

It is understood that the present brooks are to be diverted into the drains

at convenient points. The proposed drains are probably of sufficient

capacity to carry off the water that would be likely to reach them under

existing conditions ; but, as the town becomes more thickly built up and

the areas of street and building surfaces increase, water will find its way
more rapidly and in greater quantity into the drains during storms, and

may OA'ertax their capacity.

Under the circumstances, it is advisable, in the opinion of the Board, to
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maintain the existing brook cliannels, so that, in case the drains should

become surcharged, a portion of the water might flow oflf in the natural

channels. If the channels of the brooks are to be discontinued, it will be

best to provide drains of larger capacity than now proposed, to avoid

danger of damage resulting from a lack of capacity in the drains.

The drains will lower the level of the ground water in the village, and,

if placed at a sufficiently low level, will doubtless intercept some of the

ground water which now finds its way into the sewer system, and relieve

somewhat the overtaxing of the main sewer which is said to occur in the

wetter portion of the year.

The growth of the town will doubtless make it necessary before many

years to purify tlie sewage before discharging it into the river ; and hence

it is very important, in order to avoid unnecessary expense in the con-

struction and operation of purifying works, that the sewage be kept sepa-

rate from the storm water.

The drains now under consideration are intended for the removal of

surface water and ground drainage only, and are not proper channels for

sewage. It appears that there is an overflow from the main sewer into the

brook on Meadow Street through which dilute sewage is discharged at

times of high water in the spring ; and, in the opinion of the Board, it is

desirable to change this outlet so that it will discharge hereafter into the

main drain, and avoid the pollution of the brook. The Board would advise

that, with the exception of the overflow on Meadow Street, no connection

be permitted with the proposed drains through which sewage may find its

way into them. On the other hand, all connections by which storm water

may enter the existing sewers should be cut off, and no further connections

permitted through which storm water would be discharged into the sewers,

and the entrance of ground water into the sewers should be prevented so

far as possible.

Wrentham.
Aug. 7, 1902.

To the Board of Health of the Town of Wre7itham, Mr. Charles W. Pond,

Chairinan.

Gentlemen: — The State Board of Health has considered your appli-

cation for advice relative to the improvement of the condition of Mann's

Pond in Wrentham, a pool of stagnant water having an area at times of

about a quarter of an acre, located near the central part of the village, and

has caused the locality to be examined by one of its engineers.

The pond is located in a deep hollow, having no visible outlet, and

receives the rain water from a small water-shed, including the street wash

from the central portions of the village, and sewage and polluting drainage

from buildings in its neighborhood. At times of high water the maximum
depth is said to be about ten feet, and at such times it appears that the

basements of buildings in the vicinity of the pond are flooded.
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The soil all about the pond is apparently porous, and the height of the

water is probably dependent to a considerable extent upon the general

height of the ground water in its neighborhood ; but it is probable also

that there is impervious soil beneath the bottom of the pond, Avhich has a

tendency, especially at times of low water, to hold the water above the

level of the ground water.

The pond has been a nuisance in the neighborhood, and in its present

state is evidently a menace to the health of the inhabitants of the village.

It would be possible to greatly improve the condition of the pond by filling

it with gravel up to the ordinary summer level of the water, as suggested

by your board, if, at the same time, provision should be made for keeping

out all sewage and street wash ; but the trouble from flooding of basements

would doubtless still continue, and the cost of a thorough improvement of

the pond by this plan might be larger than the cost of draining it.

The pond is located near the divide between the Charles and Taunton

rivers, and it is apparently possible to drain it either in a westerly direction

toward Archer's Pond or north-easterly toward a stream draining into the

Taunton River. It is not possible to determine, however, without a survey,

the feasibility of draining the pond to either of these places, or the

probable cost of a suitable drain.

Under the circumstances, the Board would advise that, before entering

upon any plan of improvement of the pond, you employ an engineer to

make surveys of the most practicable routes for draining this pond, and esti-

mates of the probable cost of the work. The elevation of the bottom of

the pond at various points should also be determined, since it may be less

expensive to partly fill the pond, and thus make it practicable to construct

a drain at a higher level, than to drain it to the present bottom. When
you have made the surveys, the Board will, upon application, give you

further advice as to the improvement of the pond.

You also request advice as to draining certain meadows in the southerly

part of the village, south-east of South Street. It appears from an exam-

ination of the locality that a drain formerly existed by which the water

south-east of this street found an outlet across the street and thence in a

south-westerl}^ direction along the street to a stream flowing into Lake

Pearl. The Board is informed that a drain has existed at this place for a

long time until within a few years, and this drain was apparently sufficient

to prevent the flooding complained of. The best method of pi*eventing

this flooding will be to reopen the culvert under the street, and provide

a drain on the opposite side of the street to the brook referred to. If the

culvert and drain are made of suitable size and at a sufficiently low level,

further trouble from flooding of the district referred to can be prevented.
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Ice Supplies.

The following is the substance of the action of the Board during

1902 in reply to applications for advice relative to sources of ice

supply :
—

Boston.
Aug. 7, 1902.

To the Covimonivealth Hygienic Ice Company^ Boston, Mass.

Gentlemen : — In response to your request for advice as to the quality

of the ice from the plant of the Commonwealth Hygienic Ice Company, the

Board has caused the works to be examined and samples of the water and

ice to be analyzed.

It appears from this examination that water used for the manufacture

of the ice is obtained largely by condensing exhaust steam from the engines,

at the works, which are supplied with water from the city mains. The

water is then boiled and subsequently filtered through charcoal. After

cooling it is filtered again through a layer of felt, and discharged into

freezing cans which are immersed in brine, and all of the water in the can

is frozen.

The greater portion of the solid matter and nearly all of the albuminoid

ammonia are removed by distillation ; but the water, after distillation, is

turbid, and has an unpleasant, oily odor, and contains a large quantity of

free ammonia, the presence of the latter being due probably to the fact

that the water is not completely purified by distillation, or possibly to the

escape of ammonia about the plant. After filtration the water is con-

siderably improved in quality.

The samples of the ice which have been examined have been found,

upon analysis, to contain a larger quantity of organic matter than the water

as discharged into the freezing cans, especially in the top of the cake and

in the core ; and the number of bacteria present in nearly all of the samples

analyzed was much larger than has been found in the ice from other similar

woi-ks. It is also found that the ice has at times a distinctly oily odor,

whicli has been noticeable in the drinking water tanks iu which this ice has

been placed. The presence of the oil is doubtless due to the use of the

steam in various engines about the works before it is condensed for freezing.

The operation of the plant makes necessary much walking over the tops of

the cans, and in this way polluting matters probably find their way into the

cans, thereby increasing the quantity of organic matter in the ice.

The Board is of the opinion that it will be necessary to make several

changes in the method of operating this plant, before ice of satisfactory

quality can be obtained from it. It is important that the presence of oil

in the ice should be wholly prevented, and this can be done by using dis-

tilled water especially pi'epared for the purpose. The exhaust steam now

used evidently contains a quantity of oil which is not removed bj' the



No. 34.] ADVICE TO CITIES AND TOWNS. 73

processes in use. Care should be taken to prevent the pollution of the water

in the cans during the process of freezing to which they are now exposed.

There are certain disadvantages in freezing all of the water placed in

the cans, because much of the impurity in the water is concentrated in the

last portion of the cake frozen. These impurities would be largely excluded

if a portion of the water should be allowed to remain unfrozen.

It is probable that by making the changes suggested, and allowing a small

portion of the water of the cake to remain unfrozen, ice of good quality

for use in drinking water can be obtained from this plant.

Easthampton.
Feb. 6, 1902.

Delos T. Pepin, Easthamptoji, Mass.

Sir: — In response to your application of January 17 for advice as to

the quality of ice to be obtained from the '• Ox Bow " on the Connecticut

River just above the mouth of the Manhan River, the Board has caused

the locality to be examined and samples of the water and of the ice to be

analyzed. The water is evidently polluted by sewage and by organic

matters which find their way into the " Ox Bow," and a sample of ice cut

from this source has been found to contain much foreign matter.

The Board is of the opinion that the " Ox Bow " is not a suitable source

from which to take ice for domestic purposes.

Franklin.
Junk 5, 1902.

To the Board of Health of the Town ofFranklin, Mr. Dwtght M. Hodge, Secretary.

Gentlemen : — In response to your application, received May 8, request-

ing an investigation as to the quality of the ice taken from Boucher's ice

pond in Franklin, the Board has caused the pond and its water-shed to be

examined by one of its engineers, and samples of the water of this source

and of ice from the ice house indicated to be analyzed.

It appears that the pond from which the ice is taken is situated in a

meadow north-east of Wachusett Street in Franklin, and is connected with

a brook flowing through the meadow which drains a thickly populated area

in the southerly portion of the village.

The results of the examination show that the brook receives direct

sewage pollution from some of the buildings on its water-shed, and that

water from the brook can flow freely into the pond.

Analyses of samples of water from the pond show that it is grossly pol-

luted by sewage ; and analyses of samples of the ice taken fi'om the ice

house show that it contains a larger quantity of organic matter and a much
larger number of bacteria than is found in good ice.

The Board is of the opinion that this ice caunot safely be used for

domestic purposes, and would advise that the further use of the pond as

a source of ice supply be discontinued.
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HOLYOKE.
March 6, 1902.

To the Board of Health of the City of Holyoke.

Gentlemen: — In response to your request for advice as to the suita-

bility of certain ponds in tlie neighborhood of Holyoke as sources of ice

supply, the Board has caused the followiug sources indicated by you to be

examined and samples of the water and ice to be analyzed :
—

A pond on Jacob's Hollow Brook in South Hadley.

The Chicopee River above Chicopee Falls.

A pond on Darby Brook just above Riverdale Road.

A pond on Tannery Brook near Riverdale Road and near the boundary

between Holyoke and West Springfield.

A pond on Tannery Brook near the Holyoke «& Westfield Railroad in the

westerly part of Holyoke,

A pond on stream west of city almshouse.

The pond on Jacob's Hollow Brook is a new one, and appears to be free

from serious danger of sewage pollution, and, in the opinion of the Board,

ice taken from this pond may be safely used for domestic purposes.

Analyses of samples of ice cut from a pond on the Chicopee River above

Chicopee Falls last year showed the presence of a considerable quantity

of organic matter, and the Board advised that the ice cut from this pond

should not be used where it might come in contact with food or drinking

water. Examinations of additional samples of ice cut from this source

during the present winter give results similar to those obtained last year,

and the Board sees no reason for modifying the advice that ice cut from

this source should not be used where it may come in contact with food or

drinking water.

The pond on Darby Brook just below the Riverdale Road receives con-

siderable direct sewage pollution, and the ice contains considerable organic

matter, even in the clear ice beneath the snow ice. In the opinion of the

Board, it is not desirable to use ice from this source for domestic purposes.

The pond on Tannery Brook just above the Riverdale Road has quite

a large water-shed, and receives a portion of the sewage from a large insti-

tution about a quarter of a mile above the place from which the ice is cut.

This ice, like that of the previous sample, was made up partly of snow ice,

but the clear ice also contained considerable organic matter. In the opinion

of the Board, it is not desirable to use ice from this source for domestic

purposes while sewage is discharged directly into the brook. If the sew-

age discharged into the stream above the ice pond from the institution

referred to should be prevented from entering the brook, it is probable

that ice of much better quality could be obtained from this source.

The pond on Tannery Brook above the Holyoke & Westfield Railroad

is formed by flooding a meadow, and is apparently quite shallow over a
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considerable portion of its area. The water-shed contains a few farm-

houses, but the stream does not appear to be exposed to serious pollution

excepting possibly from manure spread upon the cultivated lands. The

results of an analysis of a sample of ice from this source show that the

clear ice is of good quality. It is important, however, in using ice from

this source, as well as from other ponds with similar water-sheds, that the

first inch of ice that forms upon the pond be removed when the ice is

harvested, including all snow ice or ice which may form by rain or flooding

above this first inch, and that only the clear ice formed beneath the first

inch be retained for use. It is important also that the ice be cut where

the water has a considerable depth, and that no ice be used containing

weeds or other organic matter taken up from the bottom of the pond.

An examination has also been made of the water of the stream west of

the city almshouse ; but the dam by which the ice pond was formed has

"been carried away, and it is not practicable to obtain a sample of ice at

the present time. It is understood that no ice will be cut from this source

during the present winter.

Marblehead.
Sept. 4, 1902.

To the Board of Health of the Town of Marblehead, Mr. Frank W. Goodavix,

Secretary.

Gentlemen : — In response to your request of Aug. 16, 1902, for advice

as to the best practicable method of protecting the purity of an ice supply

on the estate of B. W. Crowuinshield in Marblehead, from which ice for

public sale has been taken in the past, the Board has caused the source of

supply and its surroundings to be examined by one of its engineers.

It appears from this examination that the ice pond is a shallow one

which is flooded only in winter, and that the bottom is covered with a

vegetable growth during the summer season. The principal sources of

pollution at the present time are a gelatine factory, which has a waste

pipe discharging into the stream which feeds the pond, a piggex'y located

near this stream, and deposits of night soil used to fertilize the lands in

the water-shed. It is understood that the number of pigs to be kept here-

after in the piggery will be very greatly reduced, and, if these and the

drainage from them are kept from access to the streams draining into the

ice pond, danger of serious pollution from this source will be prevented.

If the discharge from the gelatine factory can be removed from the water-

shed of the pond or efficiently purified, and the disposal of night soil within

the water-shed prevented, this pond can be made a suitable source of ice

supply. It will be necessary, however, that all vegetation be removed

from the bottom of the pond before flooding in the early winter, to avoid

danger that organic matters may be taken up by the ice ; and no ice con-

taining foreign matters should be used, and this will exclude all ice formed
in the shallow water near the shores.
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New Bedford.
Feb. 6, 1902,

To the Board of Health of the City of New Bedford.

Gentlemen: — The State Board of Health, in response to your request

of January 24 for advice as to the use of ice from Russell's Pond for

domestic purposes, has caused the pond and its surroundings to be exam-

ined and samples of the water and ice to be analyzed. The examination

shows that the water-shed of the pond contains many houses and other

buildings, and it is possible that polluting matters may at times find their

way into the pond. It appears also that the pond is quite shallow over a

considerable portion of its area.

The only way in which it is possible to obtain ice from this pond which

may be safely used for domestic purposes will be to remove from the ice

the first inch of ice that formed upon the pond, and all snow ice or other

ice formed by rain or flooding above this first inch, and to retain for use

only the clear ice beneath the first inch which forms. It is also important

that ice be harvested only from those portions of the pond where there is a

depth of a foot or more of water between the ice and the bottom of the

pond, and that no ice containing weeds or other foreign substances be

used. If these conditions are carefully observed, it is likely that ice which

may safely be used for domestic purposes can be obtained from this source

under present conditions.

Pollution of Poxds, Streams and Other Bodies of Water.

The following is the substance of the action of the Board during

1902 in reply to applications for advice relative to the pollution of

ponds, streams and other bodies of water :
—

Agawam.
July 3, 1902.

Mr. Henry E. Bodurtha, Chairman of Board of Selectmen, Agawam, Mass.

Dear Sir : — The State Board of Health has considered your application

for advice as to the use of a storm water drain in Main and Lane streets

as a public sewer, and has caused the locality to be examined by one of its

engineers.

The drain in question discharges into a ditch on the southerly side of

Lane Street, in which there is little or no flow during the summer season

;

and, while this is a suitable outlet for storm water, the discharge of sewage

at this place would create objectionable conditions. The Board would

advise that no connections be allowed for the discharge of sewage into

this drain.

The Board has also considered the conditions caused by the discharge

of mill wastes from the woolen mill of the Agawam Company into the
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Three Mile River, as requested in your application, and has caused the

locality to be examined. At the present time the pollution of the stream

is caused by the discharge of spent dyes, the principal effect of which

appears to be the discoloration of the water. A considerable relief could

doubtless be obtained for the present if an arrangement could be made so

that the spent dyes would be discharged only at times when the wheels are

running, or when there is a considerable flow of water in the stream below

the mill.

It is very important, in the opinion of the Board, to prevent the pollu-

tion of the Three Mile River and the streams and waters about the village

by sewage or manufacturing refuse ; and the Board would advise that a

plan be prepared for the proper disposal of the sewage of the village and

the wastes from the mill. Such portions of the plan as might be required

from time to time could then be built, and the pollution of the waters

about the village prevented.

Charles River Dam Committee.
Jan. 23, 1902.

To Hexrt S. Pritchett, Chairman of the Committee on the Charles River Dam.

Sir : — The public work of the State Board of Health, so far as it relates

to the proposed dam in Charles River, is the work required in relation to

the general oversight and care of inland waters under the provisions of the

Public Statutes, and the work upon the examination of sewer outlets and

the effect of sewage disposal under the provisions of chapter 104 of the

Acts of 1901.

The proposed dam, it is assumed, would be located a short distance above

Craigie's bridge, between Boston and Cambridge, and would raise the water

to a constant level about 8 feet above the Boston city base. The informa-

tion collected refers to the quantity of sewage discharged into the river and

its tributaries above the dam, and the relation of this quantity to the flow

of the stream after the dam shall be built, and the effect of such discharge

upon the sanitary condition of the river.

The Charles River, above the proposed dam, drains an area of about 306

square miles. Near Dedham there is a channel leading from Charles River

into the Neponset River, which is known as Mother Brook, and it has been

decided by the courts that Mother Brook is entitled to one-third of the water

of the Charles River at the point of diversion. Taking out one-third of the

drainage area above Mother Brook, the total water-shed of the river at the

proposed dam is approximately 239 square miles.

The upper portion of the Charles River water-shed is, for the most part,

sparsely populated. At Milford, near the extreme upper end of the water-

shed, there are two sewer outlets discharging into the river the sewage from

about 600 people. At Milford, Franklin and Medway, manufacturing

wastes are discharged into the stream from factories and mills at several
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places ; but, so far as known, there are no other sewer outlets into this

stream between those at Milford and the proposed basin, a distance of

about 56 miles along the river, and the river above the latter point is more

free from direct sewage pollution than any other of equal size in the east-

ern part of the State.

The sewage from Cambridge, on the northerly side of the proposed basin,

is collected into a branch of the north metropolitan sewerage system, which

discharges at Deer Island. The sewage from Waltham and Watertown,

on the northerly side of the river above Cambridge, and the sewage of New-

ton, Brighton, Brookline and the Back Bay district of Boston, together with

sewage from the westerly side of the city proper bordering on the Charles

River and from the valley of Stony Brook, one of its tributaries, find an

outlet through the main drainage system of the city of Boston at Moon
Island.

The sewers of Waltham, Watertown and Newton are constructed upon

the separate plan, storm water being kept separate from the sewage. In

Brighton, Brookline and Boston the sewers are constructed largely on the

combined plan, and receive both sewage and rain water. When the main

drainage and metropolitan sewers were built, and intercepted the local

sewers, valves were placed at the connections with the intercepting sew-

ers whereby the flow of local sewers at times of storms is largely shut off

from the intercepting sewers, and discharges through the former outlets

;

and in the district bordering Charles River these outlets discharge into the

river or its tributaries.

Since the Boston main drainage system was constructed a much larger

area has been connected with it than was originally planned ; and the

quantity of rainfall that can be received from the districts having com-

bined sewers as a whole is much smaller at present than is provided for

in the original plan.

On the north side of the river in Cambridge the sewers were constructed

upon the combined plan originally, and sewage and storm water were received

into the sewers. At the connections with the local sewers valves are placed

similar to those on the Boston side of the river, by which the excess of flow

at times of storms is discharged through original outlets into Charles River.

Sewers on the separate system are now being built in Cambridge which

are connected directly with the metropolitan sewer, without shut-off valves
;

and, in connection with the separation of the sewage from the storm water,

sewers have been built for storm water only, which discharge directly into

the river. The capacity of the Cambridge branch of the metropolitan

sewer for receiving storm water is much greater than the capacity of the

metropolitan and Boston main drainage sewers south of the river ; and the

quantity of mingled sewage and storm water discharged into the river is

less in Cambridge in ^proportion to the area than in Boston.'

The total number of storm overflow outlets from the metropolitan sewers
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into the Charles River above the proposed dam is about 30. There are

also 25 overflows, so far as known, from sewers in the valley of Stony

Brook, from which mingled sewage and storm water may be discharged

into that stream at times of storms.

The calculated quantity of sewage discharged into the river and Stony

Brook from these various overflows is equivalent, at the present time, in

a dry season at the time when the flow of the river would be lowest, to the

sewage of about 4,300 people, discharging continuously; but this sewage

does not, as a matter of fact, discharge continuously, but at irregular inter-

vals during rains at many outlets all along the shores of the basin and along

Stony Brook, a condition favorable for a thorough dilution. To this should

be added the sewage of about 1,000 persons in houses along Beacon Street

in the Back Bay district of Boston, which are said to have independent

outlets into the river.

The Boston main drainage system receives at the present time the sewage

from a very much larger area than that for which it was originally designed
;

and a new main intercepting sewer, known as the high-level sewer, is now
being constructed from the Back Bay district of Boston in a generally

south-easterly direction across Boston and Quincy to an outlet near Nut

Island. This sewer is designed to take the flow of sewage from the

Charles River valley metropolitan sewer and areas in the Back Bay district

of Boston, together with the sewage of portions of Dorchester, Roxbury

and AYest Roxbury, which now flows into the Boston main drainage sj'stem,

and to convey it, with other sewage, to the new outlet near Nut Island.

This sewer, which is of very large size, will, when completed, receive all

of the sewage of the Charles River valley metropolitan sewer, with addi-

tions from some of the Back Bay districts, and of a large portion of the

Stony Brook valley, and it will provide for removing many times the

quantity of storm water which can now be received into the Boston main

drainage system ; at the same time, by relieving the Boston main drainage

system of the flow of the Charles River valley and other sewers, the com-

pletion of the high-level system will greatly increase the capacity of the

Boston main drainage system for removing storm water.

After the high-level sewer is built, probably within two years, it is cal-

culated that the quantity of sewage that will discharge through the storm

overflows, in a dry season when its dilution by the flow of the river would

be the least, would be equivalent to the sewage of about 2,400 people, and,

adding the population in houses along Beacon Street, to 3,400 people, dis-

charging sewage all the time ; but this discharge, as already indicated, will

take place during rains at irregular intervals and at numerous outlets all

about the basin.

Comparing the quantity of sewage that would be furnished by 3,400

people with the estimated flow of the river for the three driest consecutive

months that have occurred within the last twenty-seven years, the dilution
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by the flow of the river alone would be far greater than the amount which

is regarded as essential for the prevention of objectionable conditions

under such circumstances.

The condition indicated herein which will exist when the high-level sewer

system is completed will doubtless be modified by future growth of popu-

lation and changes in the systems of sewerage. If nothing further should

be done to prevent sewage entering the river or its tributaries through

storm overflows after the construction of the high-level sewer, it is unlikely

that the increase in the quantity of sewage discharged into the basin

through such overflows would produce objectionable conditions. A
material enlargement of the area sensed by combined systems of sewers

is impossible under existing laws, and the work of separating the sewage

from the storm water in areas already provided with sewers upon the com-

bined plan has been undertaken within the district tributary to the basin

;

and a reduction in the quantity of sewage entering the basin and its tribu-

taries through storm overflows will graduall}' come about if this policy is

adhered to, — and the sanitary interests of the district require that it

should be adhered to.

A considerable fraction of the present pollution of the river can be pre-

vented by constructing an intercepting sewer which shall take the sewage

from the Beacon Street houses, now discharging directly into the river,

into the high-level system. This being done, the amount of sewage

entering through the storm overflows at present or likely to enter at any

future time would be so small, compared with the flow of water in the

river, that it could not be regarded as a menace to the health of those

boating upon the basin or living upon its borders.

COHASSET.
Mat 1, 1902.

To Thomas Mannix, ChairmaJi of the Committee on Cemetery, Cohasset, Mass.

Sir :— The State Board of Health has considered your application for

advice as to whether or not the placing of a cemetery on the southerly side

of North Main Street in Cohasset west of Sohier Street and north of the

New York, New Haven & Hartford Railroad would injure the water sup-

ply of the town, and has considered the results of investigations as to the

movement of ground waters in this territory.

It appears from the results of examinations of this territory several years

ago by means of test wells, with a view to the use of ground water from

lands along the railroad west of Sohier Street for the suppl}- of Cohasset,

that the ground water of this region is affected by pumping from the pres-

ent wells of the Cohasset "Water Company ; and, in the opinion of the Board,

if the lands indicated in your application should be used as a cemetery, the

water entering the wells of the Cohasset Water Company would be injuri-

ously affected thereby.
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Harwich (Wychmere Harbor).
Oct. 2, 1902.

To the Board of Health of the Town of Harwich, Mr. Ambrose N. Doane,
Chairw,an.

Gentlemen : — The State Board of Health received from you on Sept.

18, 1901, a eommuuicatiou relative to offensive odors caused by seaweed

collecting along the shore on the westerly side of the jetty at Harwichport,

and requesting that the State Board of Health examine the locality and

advise you as to the removal of the objectionable conditions complained

of. Subsequently, on May 13, 1902, a second communication was received

from your board, stating that the waters of Wychmere Pond at Harwich-

port had suddenly become polluted, and requesting this Board to examine

the conditions prevailing there, and advise your board as to- the proper

course to pursue in order to abate the nuisance.

In response to these applications, the Board caused Wychmere Harbor

and the seashore at Harwichport to be examined at different times during

the past summer by its engineers ; but no offensive odors were noticeable

at these times, and there was no evidence of serious pollution of the waters

of Wychmere Harbor. The deposit of seaweed in the harbor does not

appear to be increasing at present, and is not exposed at low water,

excepting possibly at one or two points, and, unless disturbed, is not

noticeably offensive. The harbor receives sewage from neighboring build-

ings at two or three places, but the quantity is so small that its effect upon

the water is not noticeable.

A communication from your board, received on September 12, states

that no objectionable odors have been noticed since the last examination

was made, in midsummer, and that you consider further investigation

unnecessary. This Board will, therefore, take no further action in the

matter.

Hudson.
Oct. 2, 1902.

To the Board of Health of the Town of Hudson, Mr. Nathan Russell, Secretary.

Gentlemen:— The State Board of Health has considered your applica-

tion for an examination of the condition of Clye Brook in the town of

Hudson, and advice as to the sources of the pollution of the sti'eam, and

has caused the locality to be examined by one of its engineers and sam-

ples of the water to be analyzed.

It appears that Clye Brook is a small stream flowing from the vicinity

of the rubber factory through a thickly built-up portion of the town to

a large mill pond, known as Bruce's mill pond. Sewage and wastes from
the rubber factory at the upper end of the stream are discharged directly

into it, and it receives also, directly and indirectly, the sewage from a large

number of dwelling houses below the rubber factory. The water flowing

in the brook has the appearance of sewage and has an offensive odor.
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The results of aual3'ses of samples of water from the brook show that

the evidences of sewage pollution are greater at the upper eud near the

rubber factory than at the lower end; but, even if the sewage and wastes

from the rubber factory should be diverted from the brook, it is probable

that its condition would still be offensive, on account of the sewage dis-

charged from buildings farther down the stream.

In the opinion of the Board, the best method of improving the condition

of Ciye Brook is to construct a sewer in this valle}' to receive the sewage

of the rubber factory and of the houses now draining directly or indirectly

into the stream, and remove it to some suitable place of disposal.

It appeal's from examinations made by the Board that sewerage is

required iu other portions of the town, and that at some places sewage

is discharged into drains intended for storm water, — a very objectionable

method of providing sewerage, which, if continued, is liable to cause the

town much trouble and expense in the future.

The Board would advise that any sewers or other works constructed for

the removal of sewage from Clye Brook, or other places in the town which

require sewerage, be so located and constructed that they ma}' form a part

of a general system for the village in the future. The Board would also

advise that surface water and ground water be kept out of the sewers,

since surface water and ground drainage can, if not mingled with sewage,

be allowed to discharge into local water courses without offence. The

quantity of sewage to be disposed of by the town will in this way be kept

much smaller than would otherwise be the case, and the cost of disposing

of it greatly reduced.

Manchester.
Aug. 7, 15t02.

To the Water Commissioners of the Town of Maiichester, IMr. N. P. Meldram,
Chairman.

Gentlemen : — The State Board of Health received from you on July

25, 1902, a request for advice relative to the protection of the water supply

of Manchester from pollution by the disposal of night soil and garbage at cer-

tain places within the water-shed of Saw Mill Brook, in the valley of which

the wells from which j'our water supply is now drawn are situated, and has

caused the localities indicated to be examined by one of its engineers.

It appears from the information furnished by you that night soil has

been deposited near the southerly side of Leach Mount, so called, in the

valley of one of the main branches of Saw Mill Brook, and also at a place

in the valley of the brook, about 1,000 feet west of the wells from which

the water supply is drawn.

An examination was also made, at your request, of a piggery located on

the westerly side of the main road from Manchester to Essex, a short

distance south of one of the main tributaries of Saw Mill Brook, which is

a place of disposal for garbage collected in Manchester.
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There is no doubt that Saw Mill Brook has been polluted by tlie disposal

of night soil near Leach Mount in tlie westerly' part of its water-shed ; and

it is evident, from an examination of the surroundings of the piggery, that

much polluting matter from this place also finds its way into the stream.

The deposit of night soil at the place about 1.000 feet west of the wells

in the lower part of the water-shed of Saw ]\IilI Brook is so located that

the surface drainage from this place probably enters the brook below the

wells ; but it is evident, from the character of the soil, that the liquid

portion of the material deposited at this place will find its way readily into

the ground, the soil being porous, and may, in this way, affect the quality

of the water of your wells. It is not practicable, however, to determine

from a superficial examination of the ground whether any of the ground

water from this neighborhood enters the wells, and in order to determine

this it would be necessary to make a careful observation by means of test

wells upon the movement of the ground water.

In the opinion of the Board, it is very important that the pollution of

the water of Saw Mill Brook above the wells should be prevented, since it

is probable that part of the water which enters the wells from which the

water supply of ^Manchester is drawn is derived from the brook by filtra-

tion through the ground. It is especially important to prevent the deposit

of polluting matters upon the ground at any place from which ground

water may drain toward the wells ; and, while the deposit of night soil at

the place about 1,000 feet west of the wells may not at present affect

the quality of the water, safety requires that the use of a place so near the

wells for this purpose should be discontinued.

The Board would advise that the town provide some proper means for

the disposal of garbage and night soil, whereby the danger of the pollution

of the water supply of the town shall be avoided.

Mattapan Improvement Association' (Xeponset River).

May 23, 1902.

To the Mattapan Improvement Association, John E. Savage, Clerk.

Gentlemen : — The State Board of Health has considei*ed your appli-

cation for information relative to the condition of the Neponset River, as

compared with the conditions existing in this valley five years ago, when a

special report upon this stream was made by this Board to the Legislature.

No thorough examination of the Neponset River, such as would be

required in order to obtain the data necessary to answer fully the question

presented in ^'^our application, has been made by the Board since 1897, the

year in which the special report referred to was presented to the Legisla-

ture ; and the Board is, therefore, unable to advise you definitely as to the

changes which have taken place since that time, or the condition of the

river and meadows as compared with their condition at the time the special

report was made.
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Judging from such chemical analyses of the water of the river as have

been made in the years since 1897, and such other data as is available,

the Board is of the opinion that the conditions in this valley have con-

tinued to grow worse since the special investigation of 1897.

NORTHBOROUGH.
Oct. 2, 1902.

To the Board of Selectmen and Other Citizens of the Town of Northborough.

Gentlemen : — The State Board of Health received from you on August

27 a petition protesting against the disposal of the sewage of the Lyman
School for Boys into the AVestborough sewage beds, and stating that the

imperfectly purified effluent from these beds goes into the Assabet River.

It appears that the disposal of the sewage of the Lyman and Industrial

Schools into the Westborough sewerage system was authorized hj the

provisions of chapter 90 of the Resolves of 1902, and the Board is

informed that works for the disposal of the sewage of the Lyman and

Industrial Schools, under the provisions of the above resolve, are now
under construction.

In response to your petition the Board has caused the Assabet River to

be examined by its engineer and has carefully considered the results of

the operation of the Westborough sewage disposal works and the condition

of the Assabet River below the filter-beds, as shown by numerous analyses

of samples of effluent from the filter-beds and of samples of the river water

collected at frequent intervals during several years at a point about 1,000

feet below the filter-beds.

These results show that previous to the reconstruction of the outfall

sewer and filter-beds in 1899 both crude and imperfectly purified sewage

"were discharged from the Westborough filter-beds into the Assabet River,

but that since the outfall sewer and filter-beds were built by the town of

Westborough in 1899 the filter-beds have been of ample capacity for the

thorough purification of all the sewage of the town.

Recent examinations of the filter-beds and analyses of the effluent there-

from show that, owing to lack of proper care in the maintenance and

operation of the filters, the sewage was not being purified as thoroughly

by these works as would be practicable if they should be properly operated,

and this Board so notifies the sewer commissioners of Westborough.

The results of recent chemical examinations of the water of the river

show, however, that this stream is very slightly polluted at the present

time by the effluent of the Westborough filter-beds, and, in the opinion of

the Board, the condition of this stream in Northborough is not at present

liable to affect unfavorably the health of those living in its neighborhood.

While the disposal of the sewage of the Lyman and Industrial Schools

into the Westborough sewerage system will increase considerably the

quantity of sewage to be disposed of at the Westborough filter-beds, these
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beds are, in the opinion of the Board, of suflScieut capacity to purify satis-

factorily all of the sewage likely to be conveyed to them, for the present

at least, including that which will be contributed by the Lyman and Indus-

trial Schools, in such a manner that the effluent will not have an effect

upon the Assabet River unfavorable to the health of those living upon its

banks, and the Westborough filter-beds can be enlarged in the future

without special difficulty.

Waltham.
July 3, 1^)02.

To the Board of Health of the City of Waltham.

Gentlemen :— The State Board of Health received from you on Oct.

13, 1900, an application for advice as to the probable effect of the use for

burial purposes of a part of the Mt. Feake cemetery hitherto unused which

lies near the water works reservation ; and since that time, with the

assistance of the water works authorities, observations have been made

by the Board for several months upon the height of water in various test

pits along the edge of the cemetery in the neighborhood of the water works

pumping station, and many samples of water from the well from which the

supply is drawn have been analyzed.

The results of all the observations show that ground water from por-

tions of the Mt. Feake cemetery north-east of the present well, in which

many interments have already been made, is finding its way into tiie well.

The area of land which it is now proposed to further develop within the

cemetery is not so near the well as areas already developed, but the obser-

vations show that it is, nevertheless, probably within the area from which

the ground water at present flows toward the well.

The results of analyses of water from the well have shown for several

years that the water passing through the ground into the well is being

polluted; and there has been a deterioration in the qualitj- of the water

di'awn from the well, owing to an increase in the quantity of iron, though

the quantity' of iron present in the water has not yet become so great as to

noticeably affect its quality. The increase in the quantity of iron is doubt-

less due to the passage of imperfectly filtered water into the well from Charles

River, and in part to pollution of the ground waters tributary to the well.

In a communication to the mayor of Waltham in 1897 the Board sug-

gested, as possible remedies for the deterioration in the water, that all

sewage be removed from the territory supplying water to the filter basin
;

that the draft from the basin be diminished so that it should not exceed

the amount drawn from the basin before the quantity of iron began to

increase ; and that another source be secured for the additional water

required for the cit}'.

It does not appear that sewers have yet been extended into the territory

near the wells which required sewerage at that time, though plans for the

sewerage of this territory have now been prepared. The quantity of water
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used b}^ the citj' in 1901, moreover, was 50 per cent, greater than in 1897

and more than twice as great as at the time the quantity of iron in the

water began to increase. Under the circumstances, it is likely that the

quality of the water will continue to deteriorate.

There is no doubt, in the opinion of the Board, that the use of the lands

in the south-westerly part of Mt. Feake cemetery bordering Charles River

for cemetery purposes under present conditions affects unfavorably the

quality of the water of the well, and the use of the area indicated for

development will have a further unfavorable effect upon the quality of the

water. Under these circumstances, it is desirable, in the opinion of the

Board, to prevent the development of the portions of the lands in the ceme-

tery indicated in your application, and the further use of other sections

that are within 1,000 feet of the wells.

Westborough.
June 5, 1902.

To the Board of Health of the Town of Westborough.

Gentlemen : — The State Board of Health received from you on April

23, 1902, a communication stating that sewage from some of the buildings

of the Lyman and Industrial Schools was overflowing upon the grounds

near the buildings and finding its way into the highway, and requesting

this Board to suggest a remedy for the nuisance thereby created.

In response to this request, the Board has caused the locality to be

examined b}^ one of its engineers, and finds that the conditions now exist-

ing are about the same as those which were found to exist at the time of a

previous examination by this Board in the latter part of 1899, and that

uupurified sewage from some of the buildings is discharged upon the

ground and finds its way into the highwa3^s and water courses.

On Oct. 5, 1899, the Board advised the trustees of the Lyman and

Industrial Schools to employ an engineer of expei'ience in matters relating

to sewage disposal to investigate the feasibility and probable cost of dis-

posing of the sewage in connection with the system of the town of West-

borough, or upon some filtration area independent of the town system.

It appears that the trustees have employed an engineer, as advised, and

caused investigations to be made as to the disposal of the sewage of the

school ; and that, since j^our communication was received, a resolve has

been passed by the General Court (chapter 90, Resolves of 1902), author-

izing a contract for the disposal of the sewage of the Lyman and Industrial

Schools by means of a connection with the trunk sewer of the town of

Westborough, and providing an appropriation therefor.

In view of those circumstances, it appears to the Board unnecessary for

the town to take further action in the matter at present, except to hasten

as much as possible the construction of works for disposing of this sewage

by a connection with the sewerage system of the town of Westborough.
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Oct. 2, i;X)2.

To the Seiver Commissioners of the Town of Westborough.

Gentlemen : — In response to a petition from the town of Northborough

relative to the discharge of imperfectly purified sewage from the West-

borough filter-beds into the Assabet River, this Board has caused the con-

dition of the Westborough filter-beds and the method of their operation to

be examined by its engineer.

It appears from this examination and measurements of the flow of sew-

age that the filter-beds are of ample capacity for the efficient purification

of all of the sewage of the town of Westborough at the present time, includ-

ing the sewage likely to be received from the Lyman and Industrial Schools.

At the time the beds were visited, on September 5 and 9, all of the sew-

age was flowing upon one of the beds, and covered only about one-fifth of

the area of this bed. Sewage had evidently been disposed of in this way

for several days at least ; and a sample of the effluent collected subse-

quently while these conditions still continued showed that the effluent flow-

ing from the bed was of much poorer quality than these beds are capable

of producing when properly operated. In order to secure satisfactory

purification of the sewage of Westborough, it is necessary, in the opinion

of the Board, that the beds should be levelled, so as to secure an even dis-

tribution of the sewage, and that the sewage should then be discharged

upon them intermittently at frequent intervals, and not allowed to run for

several days upon a single bed or a portion of a bed, as is now the case.

West Springfield.

Sept. 4, VX)2.

To the Board of Health of the Town of West Springfield, Mr. S. A. Bragg, Ageyit.

Gentlemen : — The State Board of Health received from you on July

28 an application requesting an examination of certain possible sources of

pollution in the water-shed of Bagg Brook, used as a source of water

supply by the town of West Springfield, and has caused the localities indi-

cated by you to be examined by one of its engineers.

It appears that the town of West Springfield draws water from Bagg
Brook and pumps it directly into the street mains of the town. The
sources of pollution referred to in the application are near the upper end

of the south-west branch of the stream, about three-quarters of a mile from

the point where the water is taken. At this place there is a group of farm

buildings from which polluting drainage evidently finds its way into the

brook. In the opinion of the Board, the health of those who use water

from Bagg Brook is endangered by pollution of the water at this place
;

and the Board would advise that, if the use of this source of water supply

is to be continued, the pollution of the water from the farm buildings be

prevented.
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Bagg Brook drains a cultivated territory, and there is danger of the

pollution of the brook by material used to fertilize the lands within its

water-shed. Danger of the pollution of the water from this cause also

should be prevented, if the use of the brook as a source of water supply

is to continue.

Weymouth (Whitman's Pond).
Dec. 20, 1902.

To Mr. Edward J. Parker, Quincy, Mass.

Dear Sir:— The State Board of Health received from you on August

27 a communication relative to the condition of Whitman's Pond in Wey-
mouth, and has caused the pond and its surroundings to be examined by

its engineer, and collected information as to cases of malarial sickness in

the neighborhood of the pond.

As a result of the investigation made by the Board, it appears that there

has been a considerable number of cases of malarial disease in recent years

in the northerly part of Weymouth, and some cases near the pond.

Whether these cases may have been caused by an}^ condition existing in

the pond cannot be stated with the information now available to the Board.

At the time the pond was examined, its bottom was exposed over a very

large part of its area. In most places it appeared to be clean and dry,

but in some places there were pools of standing water, and other condi-

tions which may perhaps require improvement.

The Board will make a further examination of the cases of malarial

sickness in Weymouth during the next warm season, and will then advise

you as to the information obtained, and take such action as may be

necessary in the matter.

Rules and Regulations for the Plt:rpose of preventing the

Pollution and securing the Sanitary Protection of

Sources of Water Sltply, in Compliance with Requests
FROM the Authorities of Cities and Towns under the

Provisions of Chapter 75, Section 113, or the Revised

Laws.

Under the provisions of section 113 of chapter 75 of the Revised

Laws, authorizing the State Board of Health to make rules and

regulations for preventing the pollution and securing the sanitary

protection of sources of water supply, rules and regulations were

made for the protection of Cape Pond in Rockport, used as a source

of water supply for that town, and for the protection of Elder's and

Assawompsett ponds in Lakeville and Middleborough, used as

sources of water supply for the city of Taunton.
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Public Institutioxs (Ch.vpter 75, Revised Laws, Section 4).

Worcester Insane Asyeum. A request was received from the

trustees of the Worcester Insane Asylum for the approval by the

State Board of Health of a tract of land lying in Grafton, West-

borough and Shrewsbury, as a location for farming and colony pur-

poses in connection with the asylum. The proposed tract contains

about 500 acres, and is partly in the water-shed of the Assabet

River and partly within that of the Quinsigamond River. The

Board approved the location Aug. 7, 1902.
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EXAMINATION OF WATEE SUPPLIES.

EXPLANATORY NOTE.

The systematic examination of the water supplies of Massachusetts was Ijegun

by the State Board of Health, June 1, 1887, and has been continued up to the present

time. The results of the investigations which were made during the first two years

were published in the special report of the Board upon the Examination of Water

Supplies (1890), and the I'esults of the examinations made in succeeding years have

been published in the annual reports of the Board, beginning with the twenty-

second (1890).

The special report upon the Examination of Water Supplies (1890) contains

descriptions of each of the public water supplies in the State existing at the time of

that report, and the results of chemical and microscopical examinations of samples

of water collected from the principal sources of supply. The annual reports begin-

ning with the report for the year 1890 contain descriptions of all new works and the

important changes in existing works, together with the results of the chemical and

microscopical examinations which have been made of the various sources of supply.

In the annual report for the year 1898 a brief description of the source of supply

was given in cases where a knowledge of the conditions and surroundings of the

source would assist materially in understanding and interpreting the analyses.

In the reports previous to 1901 the results of practically all of the analyses which

have been made of the various sources of supply have been presented in full; in

the report for the year 1901 the results of the individual analyses were omitted in

most cases, and only the average of the analyses made during the j'ear was given,

and this plan has been followed in the present report. In a few cases in which the

analyses made during the year are of special interest from some cause, or in which

there has been a marked change in the character of the water during the year, the

analyses of all of the samples collected during the year are given in full. Wherever
analyses have been made regularly in previous years, the mean of the averages of

previous years is given for comparison ; but in some cases whei'e there has been a

change from year to year in the character of the water, the average analysis for

each previous year is given in the tables.

Microscopical examinations have been made of nearly all of the samples from

surface water sources which have been examined chemically ; but the results of these

examinations aire omitted from this report, except in cases where certain organisms

which are known to have given trouble in water supplies have been found in con-

siderable numbers.

In this report, as in former reports, an alphabetical arrangement by towns has

been adopted in presenting the analyses of all sources of water supply, the source

being tabulated under the name of the town supplied, except that the analyses of

the sources used for the supply of the metropolitan water district are placed at the

beginning. The analyses of samples collected from rivers not used directly as

sources of water supply are given in a subsequent chapter.
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The method of making chemical examinations has not been changed during the

past year. All surface waters and such samples of ground water as contain sus-

pended matter are filtered through filter paper before determining the color, residue

on evaporation, albuminoid ammonia in solution and oxygen consumed. Some
ground waters which are practically clear and colorless when drawn from the ground

become turbid on standing, in consequence of the oxidation of the iron which

they contain ; in these waters the residue on evaporation is determined without

filtration.

The color of the water is expressed by numbers, which increase with the amount

of color. The standards used are natural waters, the color of which has been accu-

rately determined by comparing them with the nesslerized ammonia standards which

were described on page 531 of the special report on the Examination of Water

Supplies (1890), and on page 329 of the annual report for 1892. By using natural

waters as standards of comparison, an apparent rather than an actual color is

obtained, as a natural water nearly always has a greater or less degree of turbidity,

which gives the water an appearance of having a greater color than it would have

if there were no turbidity.

The rainfall during the year 1902 has been about normal. The greatest excesses

occurred in February and December, and the greatest deficiencies in January, May
and November.

The flow of streams, as indicated by the Sudbury River records, has been slightly

greater than the normal, although during nine months of the year the flow was less

than the normal for those months. The months in which an excess occurred were

January, March and December. There was a considerable deficiency in the flow

during the months of July, August and September.

Tables showing the average rainfall in the State, together with tlie normal rain-

fall for a long period of years, and the flow of some of the streams in the State, are

given in a chapter entitled " Water Supply Statistics and Flow of Streams."
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EXAMINATION OF WATEE SUPPLIES.

Water Supply of the Metropolitan "Water District.

During the year 1902 water has been supplied from the Metropolitan

Water Works to the following cities and towns :
—

CITY OR TOWN. Population In
1900.

Boston,
Somerville,

Chelsea,
Maiden,
Arlington,
Quincy,
Everett,

Medford,*
Melrose,
Watertown,
Revere,
Winthrop,
Belmont,
Nahant,
Stoneham,
Swampscott,
Milton,*

Total population of cities and towns supplied

560,892
61,643

34,072

33,664
8,603

23,899

24,336

18,244

12,962

9,706

10,395

6,058

3,929

1,152

6,197

4,548

6,578

826,878

* Partially supplied from local sourceB.

In addition to the cities and towns in the above table, a small portion of

the town of Saugus has been supplied with water from the metropolitan

works, and during the summer months a small quantity of water was sup-

plied to the town of Lexington. The town of Milton was supplied in part

from the metropolitan works after March 1, and since August 22 the

entire supply of the town has been taken from this source.

The principal source of supply of the district during the year has been

Framingham Reservoir No. 3, which is supplied chiefly from the Sudbury

Reservoir, which in turn receives through the Wachusett aqueduct the

water of the south branch of the Nashua River. Water was drawn from

these sources and from Lake Cochituate each month during the year.

Water was drawn from Framingham Reservoir No. 2 from June to Novem-
ber inclusive, and from Framingham Reservoir No. 1 during the months of

May and June.
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metropolitax \^'^ater district.
Chemical Examination ok Water from the Sources of Supply of the

Metropolitan AVater District.

Qui7iepoxet River, Holdeyi.

[Parts per 100,000.]
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metropolitan ^vater district.

Chemical Examination of Water from the Sources of Supply of the
Metropolitan Water District— Continued.

Frammgham Reservoir, No. 3.

[Parts per 100,000.]
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metropolitan water district.

Chemical Examination of Water fkom the Sources of Supply of the
Metropolitan Water District— Continued.

Ashlajid Reservoir, BoUom.

[Part8 per 100,000.]
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metropolitan water district.

Chemical Examination of Water from the Sources of Supply of the
Metropolitan Water District— Concluded.

Faucet at State House, Boston.

[Parts per 100,000.]
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adams fire district.

Water Supply of Adams Fire District.

Bassett Brook.

[Parts per 100,000.]
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AMBSBURY.
Water Supply of Amesbury. — Powow Hill Water Company.

Wells near Main Street.
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ASHFIELD.

ASHFIELD.

Waters examined in Connection with Advice with Reference to a Proposed Water

Supply for Ashfield. (See also i^age 6.)

[Parts per 100,000.]
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AVON.

Water Supply of Avon.

Well.

[Parts per 100,000.]
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"Water Supply of Beverly.

(See Salem.)

"Water Supply of Billerica.

Tubular Wells,

[Parts per 100,000.]
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bridgewater.
Water Supply of State Farm, Bridgewater.

Taunton River.

[Parts per 100,000.]
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BROCKTON.
Water Supply of Brockton.

Salisbury Brook Storage Reservoir.

[Parts per 100,000.]
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cambridge.
Water Supply of Cambridge.

Fresh Pond.

[Parts per 100,000.]
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CAJVTON.
Well near Henry^s SjiHng.

[Parts per 100,000.]
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CHICOPEE.

Cooley Brook Reservoir.

[Parts per 100,000.]
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CONCORD.
Water Supply of Massachusetts Reformatory, Concord. (See also

page 8.)

(For anal3'ses of samples collected from Nagog Pond, see Acton, page 99.)

Water Supply of Middlesex School, Concord. (See also page 9.)

Baleman's Pond.

[Parts per 100,000.]
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CONWAT.
COXWAY.

Water examined in Connection zvith Investigations relative to a j^roposed Water

Supply for South Deerfield. (See also page 10.)

[Parts per 100,000.]



112 STATE BOARD OF HEALTH. [Pub. Doc.

DEDIJAM.

Water Supply of Dedham. — Dedham Watp:r Company.

Large Well.

[Parte per 100,000.]



No. 34.] EXAMIXATIOX OF WATER SUPPLIES. 113

EAST BRIDGE^VATER.

Water SxrppLr of East Bridgewater.

(See Bridgewater.)

Water Supply of Easthampton.

Bassett Brook.

[Parts per 100,000.]
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fairhavex.
Water Supply of Fairiiayen. — Fairhaven Water Company.

Tubtdar Wells.

[Parts per 100,000.]
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FITCHBURG.
Meetinghouse Pond, in Westminster.

[Parts per 100,000.]

Average of 4 samples collected in

1902.

Average of nine previous years, .

kESlnUE OS
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franklin.

Water Supply of Franklin Franklin Water Company.

Wells.

[Parte per 100,000]
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GLOUCESTER.
Dike's Brook Storage Reservoir.

[Parts per 100,000.]
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GROTON.
Water Supply of Grotox. — Groton Water Company.

Well.

[Parte per 100,000.]
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HAV
Water Supply of Haverhill.

Crystal Lake.

[Parts per 100,000.]

119

ERHILL.
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HINGHAM.
Water Supply op Hingham.— Hingham Water Company. (See also

page 15.)

Accord Pond.

[Parts per 100,000.]
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HOLYOKE.
Wright and Ashley Po7ids.

[Parts per 100,000.]
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Water Supply of Hudson.

Gales Pond in Berlin.

[Parts per 100,000.]
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HYDE PARK AND MILTON.
Ttfbtdar Wells near Mother Brook.

[Parts per 100,000.]



124

IPSWICH.
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Doiv^s Brook Storage Reservoir.

[Parts per 100,000.]
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LAWRENCE.
Merrimack River after Filtration.

[Parts per 100,000 ]
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LEOMINSTER.
Morse Reservoir.

[Parts per 100,000.]
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> LEXINGTON.
Water examined in Connection ivith Advice relative to Additional Water Supply,

(See also page 26.)

[Parts per 100,000.]
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liOWELL,.

Tubular Wells in the Valley of the Merrimack River near the Pawtucket Boulevard.

[Parts per 100,000.]
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LYNN AND SAUGUS.
Walden Pond.

[Parts per lOO.OOO.J

Average of 7 samples collected in 1902,

Average of eleven previoua years,

KKSIOrE ON
EVAPORA-

TIOM.

3.34
3.87

1.50
1.92

ALBDiriNOID.

.0031

.0053

,0288

,0394

,0211 .0077

,0283.0111
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Water Supply of Malden.

(See Metropolitan Water District, pages 95-99.)

Water Supply of Manchester. (See also page 27.)

Large Well.

[Parts per 100,000.]
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MANSFIELD WATER SUPPLY DISTRICT.

Water Supply of Mansfield Water Supply District.

Well.

[Parte per 100,000.]
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MARLBOROUGH.
Millham Brook, near its Entrance to the Millham Brook Storage Reservoir.

[Parts per 100,000.]
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medfiel,d insane asttltim.

Water Supply of Medfield Insane Asylum.

Farrti Fond in Sherborn.

[Parts per 100,000.1

Average of 4 samples collected in

1902.

Average of four previous years, .
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MIDDL.EBOROUGH FIRE DISTRICT.

Well— Concluded.

Averages by Tears.

[Parte per 100,000.]
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MILIilS.

"Water Supply of Millis.

Aqua Rex Spring.

[Parte per 100,000.]

July, 1902,

Residue ok
Evapora-
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montague.
Water Supply of Montague. — Turner's Falls Fire District.

Lake Pleasant.

[Parts per 100,000.]
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NAXTTJCKET.
Wells near Wannacomet Pond.

[Parts per 100,000.]

Average of
1902.

Average of
1901.

3 eatnples collected in 0.06

6 samples collected in 0.00

\ Residce on
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NEW BEDFORD.
Little Quiltacas Pond, in Lakeville.

[Parts per 100,000.]

\
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NORTH ADAMS.
Water Supply of North Adams.

Notch Brook Storage Reservoir.

[Parts per 100,000.]
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north attleborough.
Water Supply of North Attleborough.

Well.

[Parts per 100,000.]
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XORTH BROOKFIELD.
North Pond.

[Parts per 100,000.]



142 STATE BOARD OF HEALTH. [Pub. Doc.

ORANGE.
"Water Supply of Orange.

Distributing Reservoir.

[Parts per 100,000.]
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PEABODY.
Spring Pond.

[Parts per 100,000.]
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PLTMOUTH.
Water Supply of Plymouth.

Little South Pond.

[Parts per 100,000.]

Average of 6 Bamples collected in
1902.

Average of eight previous years,

.

Residue on
EVAPORA

TION.

2.63

2.50

0.98

0.83

ALBUMINOID.

0015 .0127

0009 .0150

.0112

.0129

.0015

.0021
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QUINCY.

Water Supply of Qcincy.

(See Metrojiolitan Water District, pages 95-99.)

Water Supply of Randolph and Holbrook.

Oreat Pond in Randolph and Braintree.

[Parts per 100.000
]
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READING.
Water of Filter Gallery after passing through the Mechanical Filter.

[Parte per 100,000.]
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Water Supply of Rutland.

Muschopauge Lake.

147

RUTLAND.
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SCITUATE.

Water Supply of Scitdate. — Scituate "Water Company.

Wells.

[Parts per 100,000.]
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sheffield.

Water Supply of Sheffield.— Sheffield Water Company.

Spring.

[Parts per 100,000.]
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southbridge.
Water Supply of Southbridge. — Southbridge Water Supply

Company.

Hatchet Brook Storage Reservoir.

[Parts per 100,000.]
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SPRINGFIELD AXD L.UDLOVt'.

Jabish Brook Canal, Ludlow.

[Parte per 100,000.]
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STOUGHTOX.
Water Supply of Stoughton.

Well.

[Parts per 100,000.]
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SUNDEBI^AND.

Sunderland.

Waters examined in Connection with Advice relative to a Proposed Water Supply.

(See also page 45.)

[Parte per 100,000.]
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TAUNTON.
Long Pond, in Lakeville.

[Parts per 100,000.]
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tewksbury state hospital..

Water Supply of Tewksbukt State Hospital.

Wells.

[Parte per 100,000.]
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Water Supply of Ware.

Well.

[PartB per 100,000.]
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W^AYLAND.

Water Supply of Wayland.

Faucet in Wayland.

[Parts per 100,000.]
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WELLESLEY.
Water examined in Connection with Advice relative to an Additional Water Supply

for Wellesley College. (See also page 48.)

[Parte per 100,000.]
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WESTOX.
Water Supply of Weston. — Weston Aqueduct Company.

Well.

[Parts per 100,000.]
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^VHITMAX.

Water Supply of Whitman. (See also page 49.)

EobarVs Pond.

[Parts per 100,000.]

Odor in 1902, distinctly vegetable, becoming stronger on beating.

Water examined in ConnectiQn with Advice to the Tow7i Authorities. (See also

page 61.)

[Parts per 100,000.]
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WILIilAMSTOTVN.

Sherman Spring.

[Parts per 100,000.]
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WINCHESTER.

STATE BOAED OF HEALTH. [Pub. Doc.

Middle Reservoir.

[Parts per 100,000.]
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WORCESTER.
Lynde Brook Storage Reservoir.

[Parts per 100,000.]
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A





SUMMAEY OF WATER SUPPLY STATISTICS.

A water supply was introduced during the year 1902 into the town of

Colrain, making the total number of cities and towns in the State provided

with public water supplies 168. At the end of the year the State contained

33 cities, all of which were provided with public water supplies, and 320

towns, of which 135 are provided with public water supplies.

The following table gives the classification by population of cities and

towns having and not having public water supplies Dec. 31, 1902. The
populations are taken from the census of 1900.

Number of
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Of the 168 cities and towns having public water supplies, all of the cities

and 87 of the towns own their water works, while 48 towns are wholly sup-

plied by private companies.

The following table gives the classification by population of the towns

which own their water works and those which are supplied with water by

private companies :
—

Population
(1900).

Under 1,000,

1,000-1,999,

2,000-2,999,

3,000-3,999,

4,000-4,999,

5,000-5,999,

6,000-6,999,

7,000-7,999,

8,000-8,999,

9,000 9,999,

Above 10,000,

Totals,

Number of
Places of Given

Population
owning Water

Works.

Total
Population of

Places
in Preceding
Column.

1,650

12,822

21,600

41,726

58,302

70,870

38,778

62,254

34,212

28,786

1,994,.520

2,355,520

Number of
Places of Given
Population sup-
plied with Water

by Private
Companies.

48

Total
Population of

Places
in Preceding
Column.

18,814

21,584

23,415

13,746

25,923

6,058

29,355

18,763

56,342

214,000

It will be seen by the totals given in the above table that the population

of those towns supplied with water by private companies is only 8 per

cent, of the total population in all of the cities and towns supplied with

water, and that there are now only o towns having a population above

10,000 which are supplied by private companies.

At the beginning of the year 1891 there were 55 cities and towns, having

a combined population of 318,319, supplied by private companies. Since

that time water has been introduced by private companies into 15 towns,

while in 22 cities and towns supplied by private companies the water works

have been purchased or taken by the public, making the total number of

towns now supplied by private companies 48. The total population of

the places supplied by private companies has been reduced during this

time from 318,319 to 214,000, a reduction of about one-third.

Tlie following table gives statistics with regard to the consumption of
water in cities and towns of this State where such records are kept. The

population for 1902 was obtained by adding two-fifths of the increase in

population from 1895 to 1900 to the population as determined by the census

taken in the latter year. The daily consumption of water per inhabitant

has been obtained by dividing the average daily consumption by the esti-
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mated population of the city or town in 1902. The quantity obtained in

this manner is somewhat less than the average quantity used per consumer,

as there are in all cities and towns a greater or less number of people who
do not use the public water supply. The difference between the number
of inhabitants and the number of consumers is generally much greater in

the smaller and sparsely populated than in the larger and more densely

populated towns, and in those towns in which a public water supply has

been recently introduced than in those which have been supplied with water

for a longer period. In some of the towns used as summer resorts, the

population during the summer months is much greater than that shown by
the census, and in such cases the consumption per inhabitant, as given in

the total, is somewhat higher than it would be if allowance were made for

the increased population in summer.

Statistics relating to the GonstcmiMon of Water in Various Cities and Towns.
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Statistics relating to the Co7isnmj)tion of Water i7i Various Cities and Totviis—
Concluded.

CiTT OR Town.
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Month.
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The flow of the Merrimack River is affected to some extent by the diver-

sion of water from two of its tributaries, the Nashua and Sudbury rivers,

for the water supply of the metropolitan district. The quantity diverted

in 1902 amounted to about 170 cubic feet per second, which would reduce

the figures given for the flow per square mile of water-shed about 0.036

cubic feet per second.

The water-shed of the Sudbury River is 75.2 square miles, of the Nashua

119 square miles and of the Merrimack 4,664 square miles.
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The following table gives the rainfall upon the Sudbury River water-shed

and its total yield expressed in inches in depth on the water-shed (inches

of rainfall collected) for the year 1902, together with the average of the

records of twenty-eight years, from 1875 to 1902 inclusive :
—

Rainfall, in
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Yield of the Sudbury River Water-shed in Oallo7is per Day per Square Mile.'*

Mo
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Yield of the Siidbury River Water-shed in Gallons per Day per Square Mile—
Concluded.

Month.
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Experiments upon the Purification of Sewage and

Water at the Lawrence Experiment Station.*

By H. W. Clakk, Chemist of the Board.

The following report presents a summary of investigations upon the puri-

fication of sewage and water at the Lawrence Experiment Station during

the year 1902.

Analyses of Sewage.

The following table gives the average analyses of the various samples of

sewage collected during the year; "Lawrence Street sewage" being the

average of samples collected weekly from the sewer from which the sewage

is pumped to the experiment station, "regular station sewage" being the

average of samples collected at the experiment station on at least four days

each week, " sewage applied to Filters Nos. 1, 6 and 9A" being the aver-

age of samples collected from all sewage applied to these filters, and

" average sewage " being the average of all sewage pumped upon each

Tuesday of the year. These averages are as follows :
—

[Parts pe
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volume of sewage depends very largely upon the amount of matters in sus-

pension. The determination of these solids, therefore, is of special value

in comparing one sewage with another.

During the first two years of the operation of the station daily determina-

tions were made of the amount of solid matters in the sewage and the

amount of combustible matter ; that is, determinations of the total solids

and the loss on ignition. These determinations were omitted during the

period from November, 1889, to July, 1902, but were then resumed in con-

nection with studies of the septic tank and contact filters.

The following table shows the average solid matters present in the station

sewage (1) from December, 1887, to October, 1889, inclusive, and (2) from

July 1 to Dec. 31, 1902, inclusive :
—

Average Solids in Station Sewage from December, 1887, to October, 1889,
inclusive.

[Parts per 100,000.]

Unfiltebrd.



No. 34.] PUEIFICATION OF SEWAGE. 181

determinations, 40 per cent, did not appear in the effluent of the tank
;

also, that 20 per cent, of the organic matter in solution in the sewage, as

shown by the albuminoid ammonia determinations, did not appear in its

effluent, and 57 per cent, of the organic matter in suspension. The

oxygen consumed determinations show that 32 per cent, of the organic

matter determined in this way was removed from the sewage or destroyed

by passage through the tank.

Sewage as it eiiters Septic Tank A.

[Parts per 100,000,]
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Average Solids in Seioage entering and Effluent from Septic Tank A.

The following table gives the results of determinations of the actual

amount of solid matter found in the sewage entering the tank and in its

effluent during the last six months of 1902, together with the percentage

removal by passage through the tank :
—

Average Solids in Sewage entering Septic Tank A.

[Parts per 100,000.]
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about fourteen hours. At the end of two years and six months the deposit

on the bottom of the tank occupied 11 per cent, of the tank capacity. It

is the intention to operate this tank again if conditions at this area change.

The following tables show the average analyses of the sewage entering

and the effluent from this tank during 1902 :
—

Andover Sewage.

[Parts per 100,000.]

January,

February,

March, .

April,

May,

June,

Average,

Temperature
(Deg. F.).

1
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a large amount of sludge being removed each time. So little coal was

/ removed with the sludge that its depth was decreased but about 4 inches.

^ The removal of organic matter at this higher rate was 44 per cent, of the

total organic matter, and 64 per cent, of the suspended matter, as shown

by the albuminoid ammonia determinations.

The following tables show the average analyses of the sewage applied to

and the effluent from this strainer during 1902 :
—

Sewage a2)pUed to Strainer E.

[Parts per 100,000.]
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ComjJarative Removal of Mineral and Organic Matter by a Sejjtic Tank
and Coal Strainers.

The following table presents some interesting figures in regard to the

removal from sewage b}- Septic Tank A, Coal Strainer E and a still shal-

lower coal strainer, of the total solids, mineral matter and combustible or

organic matter. These figures represent the results of many determinations

of solids between June 1 and Dec. 31, 1902. It will be noticed that Coal

Strainer E was the most efficient during the period presented.

Percentages of Solid Matter, Combustible Matter and Mineral Matter removedfrom
sewage by Seiytic Tank A, Strainer E and a Shallow Coal Strainer, June 1, to

Dec. 31, 1902.

Septic i

s,„i„^r E [

Shallow
Tank A. Coal Strainer.

Solids.

Total

In solution

In suspension,

Combustible Matter. (Loss on Ignition.)

Total

In solution,

In snspenaioD,

Mineral Matter. (Fixed Solids )

Total,

Id solution

In saspensioD

11.60

0.56

42.40

18.60

4.00

45.00

6.20

2.80

33.30

Purification of Septic Sewage.

Filtration of Septic Sewage A.

Two of the filters, which have received Septic Sewage A since the installa-

tion of a septic tank five years ago, were continued in operation during

1902. Filter No. 100 is constructed of 5 feet in depth of sand of an
effective size of 0.23 millimeter, and Filter No. 103 is a coke contact filter

5 feet in depth, the coke in this filter being of such size that all will pass

through a sieve with a ^-inch mesh, and practically none through a sieve

with an ^-inch mesh. The sand filter has been operated at a rate some-
what greater than during 1901, and has given a somewhat better effluent.

The contact filter has been operated at a rate considerably greater than dur-

ing 1901, and the effluent has been of a somewhat poorer quality than durinor

the previous year. The following tables give the average analyses of the

effluents of these two filters for the year :
—
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Effluent of Filter No. 100.

[Parts per 100,000.]
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page 182), as this sewage has always been applied to the filter. The re-

duction in organic matter as shown by the loss on ignition results is very

noticeable, being about 60 per cent, in the unfiltered and 50 per cent, in

the filtered sample.

Average Solids in Effluent of Filter No. 103.

[Parts per 100,000.]
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Effluent of the Exj)erimental Sand Filter at Andover, Mass.

[Parts per 100,000
]
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Contact Filtration.

Treatment of Sewage in a Contact Filter of Broken Stone, — Filter JVb. 137,

S'owo ^f f"^ -^cre in Area.

In February, 1900, Filter No. 137 was put into operation. It was con-

structed of broken stone, of such a grade that all the pieces would pass

through a sieve with a 1-inch mesh, and practically none through a sieve

with a J-inch mesh. It was operated during the year at a rate of 480,000

gallons per acre daily, and was filled in three applications of sewage two

hours apart. It was continued in operation during 1901 and 1902 at higher

rates, as shown in the following table. The best results were obtained

during 1900, when the rate of operation was lowest, and the filter was

comparatively free from clogging. Its effluent, however, has never ap-

proached in quality the eflfluents of contact filters of rough and porous

materials.

The following table shows the average analyses of its effluent during the

past year :

—

Effluent of Filter No. 137.

[Parts per 100,000.]
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Double Contact Filtration,— Filter No. 163.

The effluent of Filter No. 137, ywuoo ^^ ^"^ ^^^^ ^^ area, has been applied

to a filter of rather fine coke— No. 163, ^qIqq of an acre in area— at an

average rate of 706,000 gallons per acre daily. Nitrification has been

good, and a fairly well-purified effluent obtained.

Effluent of Filter No. 163.

[Parts per 100,000.]
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Effluent of Filter No. 1 65.

[Parts per 100,000.]
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Effineni of Filler No. 175.

[Parts per 100,000.]
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Average Solids in Sewage aj^ilied to Coal Strainer F.

[Parts per 100,000.]
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given by coke. Rough materials give better qualitative results than smooth

materials. Broken stone fillers have not been particularly efficient, nitrifi-

cation has seldom been active within them, and the matters separated from

the sewage and retained within such filters do not remain evenl}' distributed

throughout the filter, but accumulate in the lower layers. A non-putrescible

effluent from a contact filter of broken stone is not easily obtained, unless

the stone is of so fine a grade that the filter will clog rapidly. With the

use of rough materials, such as coke, the disappearance of the nitrogen of

the free ammonia of the applied sewage is very marked ; that is, a large

percentage of this nitrogen does not appear either as free ammonia in the

effluent, or as nitrates or nitrites, and presumably passes away uncorabined.

The cause of this loss will be discussed later. The average purification

obtained by contact filters, calculated in decrease of albuminoid ammonia,

is seldom above 75 per cent.

Permanency of Contact Filters.

Next to giving good purification, the length of life or the permanency of

a sewage filter is the most important consideration. In the operation of

sand filters receiving fresh sewage, where practically all the matters in sus-

pension in the applied sewage are retained at or near the surface, this

deposit can, if necessary, be removed from time to time without much dis-

turbance of the main body of the filter. With a contact filter of coarse

material, however, upon which practically no surface straining takes place,

the lower portions are as liable to clogging as the upper. This clogging or

filling of the open spaces decreases the volume of the sewage that can be

applied daily, and limits the life of the filter. To maintain normal rates

and at the same time produce good qualitative results, the experience at the

station and elsewhere shows the importance of removing a considerable

portion of the matters in suspension before the sewage is applied to these

filters, if the filters are to be constructed of material fine enough to produce

good results. This removal may be accomplished by sedimentation,

straining, septic tanks, etc.

The following data upon the rapidity of the filling of the open space of

filters receiving various grades of sewage have been obtained from the op-

eration of various contact filters, and are presented in the following tables.

Filters Nos. 82, composed of cinders; 137, of broken stone; 176, of

coke; and 165, of limonite, — received untreated sewage for the periods

given in the tables, and their open space was reduced as shown. Filter

No. 176 is still in operation. Filter No. 137 was without underdrains, and

the clogging was largely in its lower layers. Each of these filters with

exception of No. 82 was 2olo() ^^ ^^ ^^^^ ^^ area. Filter No. 82 was

xalini of an acre in area.
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Decrease of Open Space.

Filter No. 82, constructed of Cinders.

Commenced to
OPERATE.
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Decrease of Open Space.

Filler No. 103, constructed of Fine Coke.



198 STATE BOARD OF HEALTH. [Pu]). Doc.

Purification without Nitrification.

Statemeuts have been made during the past year, by various investiga-

tors, in regard to tlie purification or at least the satisfactory treatment

of sewage by contact filters ivithout nitrification occurring in the filters.

If the production of clarified effluents containing organic matter of such

a nature that it changes but slowly after coming from the filter is meant

by this assertion, certain Lawrence results present frequent illustrations.

The effluents of intermittent sand filters Nos. 1, 6 and 9A, during periods

of the past two winters, have been clear, practically odorless and non-

putrefactive, notwithstanding they did not contain nitrates. Certain con-

tact filters, constructed of or containing large amounts of metallic iron,

have also produced effluents containing but a small percentage of the

organic matter of the sewage applied to them, and have been practi-

cally non-putrefactive, notwithstanding that nitrification did not occur in

these filters. These have been special cases, however, and the results are

not of general application. It can be stated emphatically that it has not

been the general experience at Lawrence that good purification can be

obtained without nitrification.

Intermittent Continuous Filtration.

Filters Nos. 135 and 136, 30^0^ of an Acre in Area.

Filters Nos. 135 and 136, when first started in 1899, were 18 feet in

depth. All of the broken stone used in their construction will pass

through a screen with a 1-inch mesh, 40 per cent, through a screen with a

^-inch mesh, and 4 per cent, through a screen with a ^-inch mesh. The

sewage has been distributed over the surface of the filters by means of

trays and automatic tipping basins, that flush the sewage first over one

portion of the surface and then over the other, discharging their contents

every few minutes. On June 20, 1900, 6 feet of filtering material was

removed from each filter, making the depth of each 11 feet 10 inches.

These filters were continued in operation throughout 1902, and were both

operated in the intermittent continuous manner. Each contained during

this period 11 feet 10 inches in depth of the filtering material. Filter No.

135 has received the effluent of Coal Strainer E, and Filter No. 136 has

received septic sewage. At the beginning of the year 1901 nitrification

became feeble in both filters, owing to the conditions prevailing, caused by

their great depth as compared with their surface area ; that is to say, nitro-

gen and carbonic acid gas accumulated within them, and the difficulty with

which these gases could escape and air enter prevented bacterial oxidation.

To remedy this, on May 27, 1901, four openings were made on the side of

each filter, about 4J feet from the top of the filtering material. Following
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this, nitriflcation began to be active in both filters, and has so continued

up to the present time (April, 1903). The average rate of filtration of

Filter No. 13.5 for 1901 was 1,407,000 gallons per acre daily, and of Filter

No. 136 1,403,000 gallons per acre daily. The average rate during 1902

of Filter No. 135 was 1,817,400 gallons per acre daily, and of Filter No.

136, 1,809,100 gallons per acre daily. During each of these years Filter

No. 135 has received sewage that has first passed through a coal strainer,

and Filter No. 136 has received septic sewage.

The following tables give the average yearly analyses for 1900 and 1901

of the sewage applied to and the eflfluents from these filters, and the average

monthly analyses of sewage and effluents during 1902 :
—

Average Analyses of Sewage applied to Filter No. 135.

[Parts per lOO.OOO.J
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Sewage applied to Filter No. 133.

[Parts per 100,000.]
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Effluent of

[Parts

Filter No. 135.

per 100,000.]
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The following tables give the average amount of solid matter in the sew-

age applied to and the effluents from these two filters :
—

Average Solids in Sewage apx)lied to Strainer E.

[Parts per 100,000.]
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Average Solids in Septic Sewage applied to Filter No. 136.

[Parte per 100,000.]
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Treatment of Crude Sewage in an Intermittent Continuous Filter, — Filter

No. 189.

Filter No. 189, g^owo' ^^ ^^ ^^^^ ^^ area, contains 10 feet in depth of

broken brick about 2 inches in diameter, and has been operated since

May 14, 1902. It has received untreated sewage at an average rate of

2,300,000 gallons per acre daily, and has produced a turbid effluent, con-

taining high free and albuminoid ammonia, but with a considerable amount

of nitrates. The average analyses of the sewage applied to and the efflu-

ent from this filter follow :
—

Seivage apjylied to Filter No. 189.

Quantity
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ment have been made, and the results are here given. The effluent sedi-

ments are of average samples collected from the deposits of many days of

operation.

Loss on Ignitum, Total Nitrogen, Phosphoric Acid mid Sulphuric Acid in the Sedi-

mentsfrom Some of the Coarse Fillers and from Sewage. {Results expressed

in Percentages of Weight.)

Loss on
Ignition.

Total
Nitrogen.

Phoephoric
Acid.
(P2O5)

Snlphtiric
Acid.
(SO,)

Sewage,
Filter No. 134,

Filter No. 135,

Filter No. 136,

66.7
16.5
28.7
32.6

3.63
0.80
1.55
1.94

1.15
1.63
2.68
4.13

.43

.00

.67

.36

All the determinations were made upon the samples dried at 100° C.

The total nitrogen was determined by the Gunning modification of the

Kjeldahl process. A duplicate determination was also made, modified so

as to include the nitrogen as nitrates, if any were present. The results

were practically the same as those obtained by the method in which no

nitrogen as nitrates was determined.

Other analyses at a different time gave the following results :
—

Analyses of Sewage, Dried Sludge and of Sediments from Filters Nos. 135
and 136.

Sediment from
Filter No. 136.

Per cent, by weight of total nitrogen (Kjeldahl),
Per cent, of nitrogen (albuminoid ammonia), .

Per cent that nitrogen by albuminoid ammonia test is of
nitrogen (Kjeldahl)

Albuminoid ammonia (parts per 100,000), .

Lobs on ignition (per cent, by weight)

1.41
0.78

55.30
952.60
31.49

Comparison of the Effluents of Contact and Intermittent Continu-

ous Filters.

These filters have varied in depth from 2 feet in the case of a contact

filter, to 17 feet 10 inches in the case of intermittent continuous filters, and

the method of operation followed has varied greatly. The principal filter-

ing materials used have been coke, cinders and broken stone. The sewage
applied has varied from the regular station sewage to sewage in an advanced

state of putrefaction, such as that from Septic Tank B and the Andover
septic tank. The quality of the various effluents produced by these filters

has also varied greatly. The most satisfactory effluent produced by con-

tact filters of coarse material, taking into account the rate of filtration,

has been from Filter No. 103, containing 5 feet in depth of coke, and re-
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ceiving septic sewage. Other contact filters of rough material have given

well-nitrified, non-putrefactive effluents, especially those receiving sewage

which has had a preliminary treatment.

The studies have shown that, notwithstanding the intermittent continuous

filter of coarse material is more difficult to operate, on account of the neces-

sity of uniform distribution of the sewage over the surface, yet with the

sewage experimented with at Lawrence such filters can be operated at

higher rates than contact filters, and give better results ; that is, nitri-

fication within them is normally more active, and, while their effluents gen-

erally contain considerable matter in suspension, it is less putrescible than

that in the eflfluents of any but the best contact filters, and settles more

readily, leaving a clear liquid.

An interesting and practical point in this comparison is that, while much

of the matter in suspension in the sewage is held by both the contact and

the intermittent continuous filters for a time, yet it accumulates more

slowly within the intermittent continuous filter ; for, when reaching a cer-

tain degree of change from bacterial oxidation, it falls off from the filter-

ing material in flakes, and appears in the effluent. In the contact filter,

on the other hand, this tendency to loosen from the material is less marked.

It is also worthy of note that a comparatively smooth material, such as

gravel stones or broken stone, gives good results when used in intermittent

continuous filters ; while, as stated previously, contact filters, to give satis-

factory results, need to be constructed of coke or some similar rough and

porous material.

The following table shows the average amount of mineral and organic

matter in station sewage, strained and septic sewage, and in the eflfluents

of two intermittent continuous and three contact filters. The effluent of

Septic Tank A has been applied to Filter No. 103 ; the effluent of Strainer

E to Filter No. 135, and the effluent of Coal Strainer F to Filter No. 175,

while Filter No. 176 received the regular untreated station sewage.

Average Solids in Sewage aj^plied to and Effluents from Filters Nos. 103, 175,

176, 135, and 136, June, 1902, to December, 1902.
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The Stability of Effluents of Contact and Intermittent Continuous

Filters.

In the report of the Board for 1901 there was an article on this subject,

and the statement was made that " the effluents produced, either by inter-

mittent continuous or by the best contact filters, show little tendency to

change when maintained at a summer temperature for a considerable

period with the exclusion of air. When mixed with water containing

oxygen, they invariably improve in quality." Experimental work and in-

cubation tests to study this subject further have been continued during

1902. Beginning in June, weekly samples of the effluents of contact Fil-

ters Nos. 103, 137, 175 and 176 have been incubated, and also the effluents

of intermittent continuous Filters Nos. 135, 136 and 189. Duplicate sam-

ples of approximately 250 cubic centimeters of each of the effluents of

these various filters have been collected at the outlet. In one of these

samples determinations of turbidity, sediment, odor, oxygen consumed and

dissolved oxygen have been made immediately ; while the other has been

placed, tightly stoppered, in an incubator, maintained at a temperature of

80° F., and allowed to remain there for five days, at the end of which time

the same determinations have been made.

Of the nineteen samples of the effluent of contact Filter No. 103 tested

in this way, three increased in odor and two in oxygen consumed ; that is,

in only three of the nineteen samples did anaerobic or putrefactive action

occur, even when undergoing this severe test. In nearly all of them the

dissolved oxygen present when they were placed in the incubator had dis-

appeared at the end of the period of incubation. This filter is constructed

of broken coke and receives septic sewage, and, as stated previously in

this report, has given the best effluent of any contact filter in operation at

the station.

Contact Filter No. 137, constructed of broken stone of the same depth as

Filter No. 103, was operated at practically the same rate, but received un-

treated sewage. Nitrification was generally feeble in this filter, and its

effluent, on incubation, increased in odor, showing anaerobic changes eleven

times out of fourteen tests made. The oxygen consumed was increased at

the end of the period of incubation six times in the fourteen tests made.
The dissolved oxygen present at first had invariably disappeared at the end

of the period.

Filter No. 175, constructed of coke, and receiving sewage which had
first been passed through a coal strainer, gave an effluent of which only one

sample of twelve increased in odor. In none of these samples was the

oxygen consumed increased. In most of them the dissolved oxygen pres-

ent at the beginning of the period of incubation had disappeared at its

end.

The effluent of contact Filter No. 176, constructed of coke, and receiv-
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ing untreated sewage of the same character as that applied to Filter No. 137,

just mentioned, showed upon incubation an increase in odor of four of the

twelve samples incubated. In three of the samples the oxygen consumed

had increased and in all of them the dissolved oxygen had disappeared at

the end of the period of incubation.

Summarizing, it can be said that, while the effluents of contact Filters

Nos. 103, 175 and 176, of rough material, were of such a character that

anaerobic changes occurred in a few samples, still these changes were not

very marked, and the increase in ox3gen consumed was but slight. The
effluent of contact Filter No. 137, constructed of broken stone, however,

was of so poor a quality that generally, when a change occurred during

incubation, hydrogen sulphide was developed, and the increase in oxygen

consumed was very marked.

The effluents of intermittent continuous Filters Nos. 135, 136 and 189

were submitted to the same tests.

Of the twenty samples of the effluent of Filter No. 135, receiving sewage

which has passed through a coal strainer, which were incubated, not one

showed an increase of odor at the end of the period, and only one an

increase in oxygen consumed. In a number of these samples dissolved

oxygen was present at the end of the period.

Of the twenty samples of effluent of Filter No. 136, receiving septic

sewage, incubated from the beginning of June to the end of December,

only one showed an increase in odor during incubation, and only one an

increase in oxygen consumed. In a number of these samples dissolved

oxygen was present at the end of the period.

The effluent of intermittent continuous Filter No. 189 was also tested in

this way. This filter received untreated sewage, in distinction from Filters

Nos. 135 and 136, which received strained and septic sewage, respectively,

and is constructed of coarse material. With Filter No. 189, eleven of the

nineteen samples of 'effluent incubated showed an increase in odor at the

end of the period, this odor sometimes being offensive, and five showed an

increase in oxygen consumed. In only two instances was dissolved oxygen

present in the sample at the end of the period.

Nitrogen in Applied Seavage and in Effluents.

The determination of nitrogen in the various forms in which it occurs in

sewage and in the effluents of the filters affords a ready means of tracing

the changes which the organic matter undergoes in passing through the

filters. There may be also considerable organic matter stored within a

filter, even when the filter is in good working condition. This, when not

due to overworking a filter, is probably the portion least susceptible to

bacterial action. Much work has been carried out and many calculations

made upon this subject of storage of nitrogen, and tables have been given

in various reports showing the proportion of total nitrogen in the sew-
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age applied not appearing in the eflEluents and not remaining stored in the

filters.

In the extended series of investigations which were made to trace the

nitrogen of the sewage as it passes through the filter in intermittent sand

filtration it was discovered that a varying percentage of the nitrogen was

unaccounted for, not being found in the effluent and not being stored in

the filter. The inference was either that the nitrogen escaped as such into

the air, or was in such a form that it eluded our processes of analysis.

Subsequent investigations point directly to its loss in the gaseous state.

Later experience has also shown that the proportion of nitrogen unac-

counted for varies with different kinds of filters and with differently con-

structed or operated filters of the same kind.

The following tables present some interesting data on this subject

obtained during the last two years. Filters Nos. 1, 2, 6 and 9A are the

oldest intermittent sand filters at the station, and No. oB is an intermittent

ash and cinder filter. For the period shown in the tables, the percentage

of nitrogen in the applied sewage not appearing in the effluents from these

filters amounted to 12, 16, 4, 9 and 13 per cent., respectively. Filters

Nos. 135 and 136 are intermittent continuous filters, and from the tables

given on page 212 it will be seen that only 2 and 3 per cent , respectively,

of the nitrogen applied to them is unaccounted for. With Filter No. 176

(see page 211), a contact filter, more than 50 per cent, is unaccounted for;

and with Filter No. 175, also a contact filter, 33 per cent, is unaccounted

for. Filter No. 100, an intermittent sand filter receiving septic sewage,

shows a loss of 15 per cent.

The results of these determinations and calculations may not, when

applied to contact filters, be as accurate as those obtained from intermit-

tent and intermittent continuous filters, owing to the greater difficulty in

sampling the effluents ; but there is no doubt of the fact that the nitrogen

unaccounted for in the operation of contact filters is very much larger than

from the other filters. Characteristic of the operation of contact filters is

the large reduction of the free ammonia of the sewage without equivalent

increase in nitrates and nitrites in the effluent.

The fact that all the nitrogen is accounted for in those filters of coarse

material in which we are sure that oxidizing conditions exist throughout,

— Filters Nos. 135 and 136, — and the fact that the formation of hydro-

carbons and free nitrogen is characteristic of the action of the septic tank,

lead to the inference that when a loss of nitrogen occurs it is the result of

anaerobic action in a filter. In the experiments on the nitrification of a

soluble salt of ammonia and of a soluble nitrogenous substance, — petone

(described in the special report of 1890), — it was found that all of the

nitrogen was accounted for in the effluents. In these experiments no solid

matter was applied to the filter, and it is reasonable to suppose that oxidiz-

ing conditions existed throughout the whole body of the sand.
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Average of Total Nitrogen in Seivage applied to and iti Effltients of Seivage Filters,

July^ 1901, to June, 1902, inclusive.

[Parts per 100,000.]

Average Sewage
for Filters

Nos. 1 and 2.

Effluent of
Filter Xo. 1.

Effluent of
Filter No. 2.

July,

.

August, .

September,

October, .

November,

December,

January, .

February,

March,

April,

May,

.

June,

Average,

3.9609

4.4310

5.2796

4.7687

6.7453

4.8017

4.5456*

4.8095

3.9201

4.4556

5.1227

5.1964

4.8364

5.3374

3.8000

4.8590

2.9468

2.0406

3.3719

3.5943

3.5672

3.9900

5.9703

7.0642

4.5235

4.6061

4.0172

5.1418

4.0564

2.4188

1.2373

2.7051

3.7600

3.6360

4.2449

5.6017

6.1944

4.2655 4.0516

* Average sewage for Nos. 1, 6 and 9A all the same after Jan. 1, 1902.

1901.
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Average Sewage
for

Filter No. 9A.

Kfflucnt of
Filter No. 9A.

July,

August,

September, .

October,

November, .

December, .

January,

February,

March, .

April, .

May,

June,

Average,

4.1918

4.6121

4.7852

5.1062

7.5456

4.6216

4.5456*

4.8095

3.9201

4.4556

5.1227

5.1964

7.0018

4.5734

4.1765

2.8268

3.6910

4.2641

3.4560

3.4117

3.9367

4.8719

7.9636

4.4493

4.9092 4.5519

* Average sewage for Nob. 1, 6 and 9A all the same after Jan. 1, 1902.

The following table shows the small percentage of nitrogen of the applied

sewage present in the effluents of the contact filters, and illustrates the loss

of nitrogen of the free ammonia, as discussed on page 213 :
—

Averages of Total Nitrogen in Sewage applied to and Effluents from Contact Fil-

ters Nos. 175 and 176, from July 1, 1901, to June 30, 1902.

[Paris per 100,000.]

1901.
Sewage applied
to Filter No. 175.1 Effluent of

(Effluent of
I

Filter No. 175.

CoalSti-ainer.)

Regular Sewage
applied to

Filter No. 176.

Effluent of
Filter No. 176.

July,

August,

September, .

October,

November, .

December, .

January,

February,

March, .

April, .

May,

June,

Average,

4.82

4.00

4.91

4.51

3.13

4.56

4.62

3.28

4.38

5.92

5.08

4.48

2.3535

2.3752

1.9930

3.4369

4.2342

2.8740

2.7630

3.1564

2.5577

3.0564

3.5645

3.5396

2.9920

3.7623

4.7326

6.3604

5.1868

6.8517

3.8627

4.6036

4.5134

3.8045

4.6367

4.7108

5.0234

4.7545

2.4034

2.1866

1.7373

3.6541

1.6537

2.0620

2.3411

2.5723

1.6022

1.8199

2.6863

1.8670

2.2072
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Averages of Total Nitrogen iri Sewage apxilied to and Effluents from Intermittent

Continuous Filters Nos. 135 and 136, from July 1, 1901, to June 30, 1902.

[Parts per 100,000.]

1901.
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Loss OF Nitrogen in Contact Filtration, compared with the Loss in

Intermittent Continuous Filtration.

On previous pages tables have been given, showing the percentage of the

nitrogen in the sewage applied to certain filters that appears in their efflu-

ents. It was noted in discussing these tables that there appeared to be a

great loss of nitrogen in contact filtration. It was also stated that this

might be partly due to the impossibility of obtaining as representative

samples from these filters as from intermittent sand and intermittent con-

tinuous filters ; but this would only give misleading figures in regard to the

nitrogen determined as albuminoid ammonia. This loss is largely, how-

ever, of the nitrogen found as free ammonia in the sewage and not appear-

ing as free ammonia or in the form of nitrates or nitrites in the effluent of

these filters ; that is, a much larger percentage of the nitrogen of the free

ammonia of the sewage must pass into the air from contact filters than is

the case in the operation of other filters. The following figures prove this.

Taking contact Filters Nos. 103, 175 and 176, and the Andover contact

filter, all constructed of coke, and comparing the analyses of the applied

sewage and effluents during 1902, we find that their effluents contained

respectively 69, 71, 68 and 49 per cent, less free ammonia than the sewage

applied to them. We find also that the amount of nitrogen as free ammonia

nitrates and nitrites in their effluents amounted to only 62, 74, 50 and 50 per

cent., respectively, of the nitrogen as free ammonia in the sewage applied
;

that is to say, with these filters 38, 26, 50 and 50 per cent., respectively, of

the nitrogen applied as free ammonia has been lost into the air, even assum-

ing that all the nitrogen found as nitrates and nitrites in these effluents

came from the free ammonia of the applied sewage. The only nitrogen of

the sewage stored in the filter is that applied in the organic matter repre-

sented in the analyses as albuminoid ammonia. With intermittent con-

tinuous Filters Nos. 135 and 136 a similar comparison of effluent and

sewage analyses shows that in each instance 98.6 and 98.9 per cent, of the

nitrogen as free ammonia appeared in the form of free ammonia, nitrates

or nitrites in their effluents, or a disappearance of only about 1 per cent.

The reduction of free ammonia by filtration was about the same as with

the contact filters, namely, 67 and 58 per cent., respectively.

These figures, taken in connection with the regular analyses and incuba-

tion tests of contact filter effluents, tend to show that high nitrification is

not absolutely necessary in obtaining good effluents from this class of filters.

Anaerobic action occurring during each daily period of rest is probably ac-

countable for this loss of nitrogen ; and the nature of the filtering material

also plays a part, a greater loss occurring from contact filters of rough

and porous material than from contact filters of broken stone. In the

intermittent continuous filters, where aerobic action always prevails, there

apparently is no loss of nitrogen.
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Operation of the Large Intermittent Filters, ^^ of an Acre in

Area.

The effluents of most of these large filters have during portions of the past

two years been of a comparatively poor quality. The poor results daring

the winter of 1900-1901 were largely due to a break in the sewer pipe, pre-

venting the application of sewage for three weeks in December. This

caused nitrification to cease, and it was not re-established until warm
weather. During the winter of 1901-1902 nitrification in these filters was

again very feeble. Notwithstanding this, their effluents, instead of becom-

ing turbid and being subject to putrefaction, were clear, comparatively low

in albuminoid ammonia, and would remain without change, even when in-

cubated at 80° F. for five days. The cause of this poor nitrification and its

slow establishment in spring, with the consequent high free ammonia in the

effluents of these filters, has not been definitely determined. The filters were

apparently in good physical condition during this period, and the applied

sewage disappeared as readily as during previous years. It is possible

that spading these filters over many times to the same depth has caused a

condition similar to stratification, and that in the winter, when organic

matter accumulates at this depth, a reducing action occurs in the lower

portion of the filter. That this is true to some extent would be inferred

from the considerable amounts of iron present in these filters at times dur-

ing the past two winters.

Early investigations at the station showed that a regular stratification of

filtering materials, either with the coarse layer above the fine, or vice versa,

prevented the free passage of air in the filter. (See Filters Nos. 3A and

5A, reports of 1891 and 1892, in which the materials were purposely strati-

fied.) It seems probable, however, that even in filters of such materials

as those in Filters Nos. 1 and 9A, natural stratification, or at least a surface

accumulation of fine mineral matter, will sometimes occur to a certain

extent after a considerable period of operation. For instance. Filter No. 1

contained originally 5 feet in depth of coarse sand, having an effective size

of 0.48 millimeter, and the 9 inches of new sand placed in it during 1893,

in place of the clogged sand removed, was of practically the same grade.

At the end of 1902 the upper 6 inches of sand in this filter had an average

size of 0.80 millimeter, — a reduction in size of 38 per cent. Below 9

inches in depth the sand was of the original grade. While this may not

affect materially the summer results, in winter, when partially frozen, an

effect may be produced similar to that caused by placing a layer of fine

sand above coarse sand in a filter. It can probably be obviated by spad-

ing to a greater depth.

During the winter of 1902-1903, when Filter No. 9A had ceased to

nitrify, an examination of the sand revealed that, while the upper layers
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were free from frost, at a depth of 6 inches there was a frozen layer 9

inches in thickness. Careful removal of different layers and analysis

showed that, while the upper 6 inches of sand contained an average of 86

parts of nitrogen per 100,000, the sand immediately above the frozen layer

contained 97 parts per 100,000. Three inches below this there were only

19 parts of nitrogen per 100,000. This sand at the frost line was, more-

over, noticeably darker colored than the sand above. Stratification in this

instance was thus shown to be due to the accumulation of organic matter

on the top of the tightly frozen layer.

The operation of these filters during the year 1902 was as follows : —

Filter No. 1.

Filter No. 1 contains 60 inches in depth of coarse sand of an effective

size of 0.48 millimeter, and is 2^ of an acre in area. The surface of this

filter has been raked 1 inch deep each week, and spaded over to a depth of

6 inches upon April 1, August 7 and October 4. During January, 8 inches

of snow and 3|^ inches of ice were removed from the surface ; during Feb-

ruary, 21^ inches of snow and 3^ inches of ice ; during March, 6.J inches

of snow ; during December, 34^ inches of snow and | inch of ice. The
filter was allowed to rest from April 1 to April 6, from May 15 to May 19,

from August 5 to August 12, and from September 24 to November 10, in-

clusive. March 1 to March 9 the experiment was interrupted by a freshet.

Filter No. 2.

This filter is ^^ of an acre in area, and contains 60 inches in depth of

fine sand of an effective size of 0.08 millimeter, with two circular trenches

1 foot wide and 2 feet deep, of medium sand of an effective size of 0.19

millimeter, the surface of these trenches being below the surface of the

remainder of the filter, and the sewage being applied to them. The surface

of the trenches has been raked 1 inch deep each week, and was spaded to

a depth of 6 inches on April 1, August 7 and October 4. During January,

8 inches of snow and 2J inches of ice were removed from the surface of the

filter; during February, 10^ inches of snow and 2^ inches of ice; during

March, 7 inches of snow ; and during December, 31^ inches of snow

and 1| inches of ice were removed. The filter was allowed to rest from

April 1 to April 6, from May 15 to May 19, from August 5 to August 13,

and from September 24 to November 10, inclusive. March 1 to March 9

the experiment was interrupted by a freshet.

Filter No. 4.

This filter is -^^ of an acre in area, and contains 60 inches in depth of

fine river silt of an effective size of 0.04 millimeter, with two circular
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trenches about 14 inches wide and 12 inches deep, of coarse sand of an

effective size of 0.48 millimeter. The surface of these trenches is below

the surface of the remainder of the filter, and to them the sewage is applied.

They have been raked 1 inch deep each week, and spaded to a depth of 6

inches on March 31, August 7 and October 4. During January, 11 inches

of snow and 4 inches of ice were removed from the filter ; during February,

15^ inches of snow and 4| inches of ice ; during March, 8 inches of snow
;

and during December, 17^ inches of snow. The filter was allowed to rest

from March 31 to April 6, from May 15 to May 19, from August 5 to

August 13, and from September 24 to October 8, inclusive. March 1 to

March 9 the experiment was interrupted by a freshet.

Filter No. 5B.

This filter is -^^ of an acre in area, and contains 60 inches in depth of a

mixture of cinders and ashes from the combustion of soft coal. It was

first put into operation March 5, 1898. Owing to the coarseness of the

material in this filter, the sewage enters it more readily than it does any of

the other large filters, and this is a condition especially favorable for good

work during cold winter weather. The surface of the filter has been raked

1 inch deep each week. During January, 13 inches of snow and 1 inch of

ice were removed from the surface of the filter ; during February, 20^

inches of snow and J inch of ice ; during March, 9 inches of snow ; and

during December, 30 inches of snow and I inch of ice. The filter was

allowed to rest from March 31 to April G, from May 15 to May 19, from

August 5 to August 12, and from September 24 to October 8, inclusive.

March 2 to March 5 the experiment was interrupted by a freshet.

Filter No. 6.

This filter is ^^ of an acre in area, and contains 44 inches in depth of

mixed coarse and fine sand of an effective size of 0.35 millimeter. The

surface of the filter has been raked to a depth of 1 inch each week, and

spaded to a depth of 6 inches on March 31, August 7, and October 4.

During January, 12^ inches of snow and 5| inches of ice were removed

from the surface of the filter; during February, 17^ inches of snow and If

inches of ice ; during March, 8^ inches of snow ; and during December,

37^ inches of snow and | inch of ice. The filter was allowed to rest from

March 31 to April 6, from May 15 to May 19, from August 4 to August

12, and from September 24 to October 7, inclusive. March 1 to March 9

the experiment was interrupted by a freshet.
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Filter No. 9A.

This filter is ^^ of an acre in area, and contains 5 feet in depth of sand

of an effective size of 0.17 millimeter. From January 1 to March 31 the

sewage was applied to 2 flat-bottomed trenches, each 7 inches deep, 5 feet

wide and 1 1 feet long. The surface of these trenches was raked 1 inch

deep each iveek. On April 1 the surface of the trenches was spaded over

6 inches deep. The remainder of the surface was spaded a little deeper

than the surface of the trenches, and the surface of the whole filter was

levelled. Following this, the surface of the filter has been raked an inch

deep each week, and has been spaded over to a depth of 6 inches on August

7 and October 4. During January, 11^ inches of snow and 2^ inches of ice

were removed from the surface of the filter ; during February 18| inches of

snow and ^ inch of ice ; during March, 6^ inches of snow ; and during

December, 34 inches of snow. The filter was allowed to rest from March

31 to April 6, from May 15 to May 19, from August 4 to August 12, and

from September 24 to October 7, inclusive. March 1 to March 9, March

14 to March 15, and March 18 to March 20, the experiment was interrupted

by a freshet.

Filter No. 10.

This filter is ^^ of an acre in area, and contains 5 feet in depth of mixed

coarse and fine sand of an effective size of 0.35 millimeter. No under-

drains are beneath the sand except directly above and around the outlet

pipe. A partition extending 3 feet below the surface separates the quarter

of the surface farthest from the underdrains from the remainder of the

surface. To this quarter of the surface the sewage is applied, and over

the remainder of the surface is a layer of loam 8 inches in depth, this keep-

ing the body of the filter freer from frost than is the case with most of the

other filters, and hence allowing better nitrification, as a general thing, in

the winter weather, this being aided also by the small surface, to which a

comparatively large volume of sewage is applied. The surface of the filter

has been raked 1 inch deep each week, and spaded to a depth of 6 inches

on March 31, August 7 and October 4. During January, 12^ inches of

snow and \ inch of ice were removed from the surface of the filter ; during

February, 28^ inches of snow and ^ inch of ice; during March, 1\ inches

of snow ; and during December, 41^ inches of snow. The filter was rested

from March 31 to April 6, from May 15 to May 19, from August 5 to

August 12, and from September 24 to October 7, inclusive. March 2 to

March 9, March 14 to March 15, and March 18 to March 20, the experi-

ment was interrupted by a freshet.
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Effluent of Filler No. 1.

[Parts per 100,000.]

Quantity
Applied.
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Filter No. 1. — Table showijig the Amount of Nitrogen stored in the Sand
at Different DejJths, calculated from Albuminoid Ammonia Determina-

tions^ and deducting the 1 Part of Nitrogen contained in the Original Sand.

[Parts per 100,000 by weight of dry sand.]
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process. Recent investigations have shown that this factor is not as

accurate as formerly supposed, but its variation is difficult to determine.

Whatever factor for albuminoid ammonia value is used, however, the com-

parative results will be but slightly affected.

Filter No. 1, Jan. 10, 1888, to Nov. 10, 1002.

Gallons of sewage a^Dplied since start, 1,674,582.00

Pounds of nitrogen applied in the sewage, .... 513.62

Pounds of nitrogen in effluent, 385.50

Pounds of nitrogen removed by scraping, . . . . 19.23

Pounds of nitrogen stored in sand, Nov. 10, 1902, . . 21.65

Pounds of nitrogen unaccounted for, 114.24

Per cent, of nitrogen unaccounted for, 22.24

Filler No. 9A, Nov. 18, 1890, to Jem. 23, 1903.

Gallons of sewage applied since start, 1,467,267.00

Pounds of nitrogen applied in the sewage, .... 462.59

Pounds of nitrogen in effluent, 346.79

Pounds of nitrogen removed by scraping, . . . . 14.61

Pounds of nitrogen stored in sand, Jan. 23, 1903, . , . 17.45

Pounds of nitrogen unaccounted for, ..... 83.74

Per cent, of nitrogen unaccounted for, . .... 18.10

The following table shows the amount of nitrogen 'stored in Filter No.

100 at the end of 1902. This is a sand filter that has been in operation

five years, and has always had septic sewage applied to it.

Nitrogen stored in Filter No. 100.

[Parts per 100,000.]

Average first 6 inches, .

Average first 12 inches,

.

Average first 18 inches,

.

Average first 24 inches,

.

Average first 36 inches,

.

Average first 48 inches,

.

Average first foot, .

Average second foot,

Average third foot.

Average fourth foot,

Nitrogen stored in Filter No. 100 from Jan.

Gallons of sewage applied, .

Pounds of nitrogen applied, .

Pounds of nitrogen in effluent.

Pounds of nitrogen removed by scraping,

Pounds of nitrogen stored in the sand, .

Pounds of nitrogen unaccounted for, .

Per cent, of nitrogen unaccounted for, .

82.78

28.78

16.37

13.07

8.69

11.78

57.28

18.65

10.88

10.24

1, 1898, to March 23, 1903.

19,973.00

6.74

6.14

0.26

0.20

0.14

2.10

I
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Effect of Germicides in Sand Filtration.

In connection with an application to the State Board of Health in regard

to the purification of hospital sewage containing disinfectants, three sand

filters have been operated with sewage containing phenol, mercuric chloride

and formalin, respectively. These filters are each 4i feet in depth, and

contain sand of an effective size of 0.23 millimeter. They are numbered

182, 183 and 184, and have been operated at rates of about 50,000 gallons

per acre daily. Following tables show the amount of the germicides

added at different times, and the action of the filters under these conditions.

Each filter was allowed to reach a condition of good nitrification before the

germicides were added.

Phenol was first applied to Filter No. 182 on Dec. 16, 1901, and in the

proportion of 1 part to 200 parts of sewage. Nitrification was quickly

destroyed, and the effluent of the filter became sterile. The proportion of

phenol was reduced from time to time, but not until the amount added was

as low as 1 part to 2,667 parts of sewage did nitrification become re-estab-

lished. Following this, the amount of phenol was increased from time to

time. During this increase nitrification was destroyed at one time, but

began again without decreasing the proportion of phenol in the applied

sewage. At the present time, as shown by the table, an amount of phenol

is being added to the filter, without ill effects, that, in the early days of its

operation, prevented nitrification.

The amount of mercuric chloride in the sewage applied to Filter No. 183

reached 1 part in 500 before nitrification ceased.

Filter No. 184 is now receiving formalin in the proportion of 1 part to

250 parts of sewage, and maintaining good nitrification. All of the germi-

cides were found in the effluents.

Similar results were obtained early in the operation of the station, when

common salt was added in large quantities to a filter in which experiments

on the nitrification of ammonium chloride were being made. Nitrification

was almost entirely checked when the applied liquid contained 1,200 parts

of chlorine per 100,000 as common salt. But when the amount of salt was

increased gradually, a nearly saturated solution did not entirely prevent

nitrification. These experiments were made to determine the effect of sea

water (which contains about 1,800 parts of chlorine per 100,000) on nitri-

fication in sewage filters.

Another instance of the gradual adaptation of bacteria to new conditions

is found in the experiments on the nitrification of ammonium chloride.

After each increase in amount of this ammonium salt the effluent contained

free ammonia, which in a few days disappeared, and nitrification became

complete.
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Effluent of Filter No. 182.

[Parts per 100,000.]

1901.
November,
December,

1903.
January, .

February,
March,
April,
May,
June,
July,
August, .

September,
October, .

November,
December,

1903.
January, .

February,
March,

Quan-
tity

Applied.

Gallons
per Acre
Daily

for Six
Davs In a
Week.

49,500
49,500

47,700
49,600
34,300
49,600
45,900
49,500
49,600
47,800
38,100
38,600
49,500
47,700

49,560
50,000

47,600

Tempera-
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Effluent of Filter No. 184.

[Parts per 100,000.]

1901.
November,

December,

1903.
January,

February,

March,

April,

May, .

June, .

July, .

August,

September,

October,

November,

December,

1903.
January, .

February, .

March,

Quan-
tity

Applied.

Gallons
per Acre
Daily
for Six

Days in a
Week.

49,500

49,500

47,700

49,600

34,300

49,600

46,900

49,500

49,600

47,800

38,100

38,600

49,500

47,700

49,560

50,000

47,600

Tempkra-
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FILTEATION OF WATEE.

During 1901-1902 five water filters were in operation at the station

receiving Merrimack River water ; one of these filters, No. 3B, for a short

time only, but the remaining filters throughout the entire period. The
filters were constructed of the same grade of sand but were of different

depths, and were used largely in comparative work to learn the efficiency

of each in removing the total number of bacteria and B. coli in the river

water when operating at approximately equal rates. The rates of filtration

were varied from time to time, and tests for B. coli were made in both 1

and 100 cubic centimeters of the effluent from each filter. Bacterial and

chemical examinations of samples of the effluent of the Lawrence city

filter, collected from different points on the supply system, and of river and

canal water were also made. During the larger part of the past four years

the turbidity of the river water has been observed daily, and tables are

presented showing this turbidity and also its effect upon the length of the

period of operation of the experimental filters between scrapings. These

tables give the number of days of each period, the rate of filtration of each

filter, the total volume of water filtered, presented in terms of gallons per

acre of filter surface, and the average turbidity of the river water during

each period.

One of the filters, No. 172, operated during 1901 and 1902, contained

approximately 13 feet in depth of sand, and figures are presented in this

report showing the efficiency of this filter at different depths, as well as

tables comparing its efficiency with that of much shallower filters. The

filters, the results from which are summarized in this report, are as

follows :
—

Filter No. 8A, ^^ of an acre in area, first put in operation during

1893, contained during 1901 27 inches in depth of sand of an effective

size of 0.23 millimeter, and during 1902 approximately 20 inches in depth

of sand.

Filters Nos. 142 and 143 are each ro^-^nr ^^ ^^ ^^^'^ ^^ area, and were

first put in operation in June, 1900. Each filter was constructed of sand

of an effective size of 0.23 millimeter, and when started Filter No. 142

contained 2 feet in depth of sand and Filter No. 143 5 feet in depth of

sand. During 1901 the average depth of sand in Filter No. 142 was 18

inches, and during 1902, 14 inches. The average depth of sand in Filter

No. 143 during 1901 was 55 inches and during 1902, 50 inches.

The average analyses of the effluents of all these filters for 1900 has

been presented in the report for that year.
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The following tables present the analyses of the applied water and

effluents of these filters during 1901 and 1902 :
—

Average Ayialyses of River Water and Effluents of Filters Nos. 8A, 142, 143 and

172. 1901.

Canal Water {Merrimack River).

[Parts per 100,000.]

Katk.
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Comparative Bacterial and B. Coli Efficiency of Filters Nos. 142,

143 AND 172.

For the past three years studies of the bacterial and B. coli efficiency of

these three filters, constructed of different depths of sand of the same

grade, have been made. The rates of operation of each filter during

different portions of this period have varied from 1,000,000 gallons to

5,000,000 gallons per acre daily, all three filters being operated as nearly

as possible at equal rates. In each instance the filters were operated

when first started at the lower rate, but the figures of efficiency at this rate

given in the table are somewhat misleading when compared with the

efficiencies at higher rates, as the filters were then new and had not at-

tained their normal condition.

The following table shows the results during different periods. It will be

seen from this table that the deepest filter. No. 172, containing during 1902

twelve or thirteen times as great a depth of sand as the shallower filter, was

by far the most efficient in regard to the removal of B. coli at each rate tried,

and most efficient at the two lower rates in regard to the removal of all

bacteria. During the period when operated at the highest rate its ap-

parent bacterial efficiency fell below that of the shallower filters, but this

was not due to the passage of bacteria through the filter, but to the in-

crease of one species in the lower layers of sand in the filter. Similar

results in regard to growths in the lower layers of filters have been noted

in earlier reports of the Board.

The figures in the table show that Filter No. 142, containing from Sept.

19, 1900, to June 30, 1901, only about 21 inches in depth of sand, gave as

good average results when operating at a rate of 2,500,000 gallons per acre

daily as Filter No. 143, containing during this period 57.5 inches in depth

of sand and operating at the same rate. With an increase in rate and a

decrease in depth of sand in each filter, and when operating at a rate of

5,000,000 gallons per acre daily from July 1, 1901, to Dec. 23, 1902, the

deeper filter gave much the best bacterial and B. coli efficiency. The effiu-

ent of the shallower filter during this period of eighteen months containing

six times as many bacteria as the effiuent of the deeper filter and B. coli

were found in 16 per cent, of the samples as against 6 per cent, of the sam-

ples of the effluent of Filter No. 143.
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Table shoiving the Relative Efficiency of Shallow and Deep Fillers when operated

at Equal Rates.
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Effect of scraping Filters of Different Depths upon Bacterial and

B. Con Efficiency.

A large amount of data has been gathered during the past three years in

regard to the efficiency of shallow and deep filters before and after scraping,

and this is presented in following tables. These tables give the average

bacterial and B. coli efficiency of filters Nos. 142, 143 and 172 for periods

of seven days before and seven days after scraping. Filter No. 142, at

the beginning of the period reviewed (July, 1900), contained 24 inches in

depth of sand. Filter No. 143, 60 inches in depth, and Filter No. 172, 165

inches in depth. At the end of the period the depths were as follows :

Filter No. 142, 12 inches. Filter No. 143, 50 inches, and Filter No. 172,

163 inches.

An examination of the tables shows that filters Nos. 142 and 143 each

gave very similar results during the first six months of this three-year

period, the shallow filter being as eflflcient as the deeper one. During 1901,

Filter No. 143, the deeper filter, gave much better bacterial efficiency, both

just before and just after scraping. The depths at this time averaged 21

and 57 inches, respectively. During 1902 this difference was still more

marked, the bacterial efficiency of Filter No. 143 never falling below 98

per cent, during these periods, while an efficiency below 90 per cent, was

often given by Filter No. 142. The approximate depth of each filter during

this period was 13 and 51 inches, respectively. During 1902, Filter No.

172, 165 inches in depth, apparently gave low bacterial efficiency, but the

bacteria found in its effluent were growths in the filter, and not bacteria

that had passed through the filter. The B. coli efficiency of this filter was

excellent.

Table showing Effect of Scraping on Bacterial and B. Coli Results.

Filter No. 142.

Period of Skvbn Days preceding Scraping.
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Table showing Effect of Scraping on Bacterial and B, Colt Results — Concluded.

Filter No. 1^2— Concluded.

r
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Table showing Effect of Scraping on Bacterial and B. Coli Results.

Filter Xo. 143.

Period of Seven Days
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Turbidity of Merrimack River Water.*

For several years determinations of the turbidity of the river water by

the platinum wire method have been made. These turbidity observations

have, during portions of the period shown in the following tables, been

made in the river opposite the experiment station and below the city, and

during portions of the period in the canal, as it is the river water that

comes to the station through the Essex Company's canal that passes to the

experimental filters. The water in this canal is taken from the river above

the city-

River readings have been generally slightly higher than the canal read-

ings, but all readings are included in the averages.

The first table following gives the average turbidity by months of all

readings from Jan. 1, 1899, to Dec. 31, 1902, inclusive; a second table

gives series of daily observations during months of maximum and minimum

turbidity of the river, and a third table, during months of maximum and

minimum flow.

These records are not as complete as could be wished, owing to the fact

that on several occasions the readings have been omitted for a number

of days at a time owing to various reasons, and at times these omissions

have been made when the turbidities have been high.

Monthly Averages of Turbidity of the Merrimack River at Lawrence.

1899. 1900. 1901.

January, .

February,

March,

April,

May,

June,

July,

August, .

September,

October, .

November,

December,

Average,

.0532

.0428

.0492

.0539

.0647

.0826

.0794

.0831

.0827

.0978

.1045

.1122

.0755

.1092

.1042

.0661

.0884

.0489

.0764

.0955

.0843

.0517

.0360

.0556

.0472

.0720

.0500

.0435

.0625

.0476

.0435

.0357

.0370

.0357

.0357

.0417

.0476

.0588

.0466

.0714

.0400

.0476

.0455

.0417

.0400

.0385

.0385

.0455

.0385

.0417

.0454

Turbidity determined by reading the number of Inches below the surface of the water that a

platinum wire, 1 millimeter in diameter, can be seen and recording the reciprocal of this number.



232 STATE BOARD OF HEALTH. [Pub. Doc.

Daily Turbidily oj Merrimack River at Lawrence during Months of Maximiim

and Minimum Average Turbidity.
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Daily Turbidity of Merrimack River at Lawrence during Months of Maxi-

vium and Minimum Flow.
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The Effect of the Varying Turbidity of River Water upon the

Period of Operation of Filters between Scrapings.

A study has beeu made of the experimental filters to learn whether or no

the varying turbidity of the river water has any particular influence upon

'the length of the period of operation of these filters between scrapings.

These studies have shown that the river generally has so low a turbidity

that the slight variations have little influence in determining the length of

this period ; other factors, such as amount of organic matter in the water,

slight variations in the depth of sand removed at times of scraping, etc.,

having a much greater influence. For example, the following table shows

the relation between average turbidity and the period of operation of Filter

No. 143 between scrapings during the past two and one-half years, Filter

No. 143 containing at the beginning of the period 5 feet in depth of sand,

with an effective size of 0.23 millimeter, and at the end of 1902 about 4

feet in depth. The rates of operation are given in the table.

Filter No. 143.
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Lawrence City Filter.

The Lawrence city filter is 2.5 acres in area and was constructed during

1893. Each year since its operation tables showing the average analyses

of the Merrimack River water applied to this filter, and of the filtered

water at different points upon the supply system, have been given in these

reports. The following tables give the results of chemical analyses during

1902, and bacterial results are given on subsequent pages in tables pre-

senting bacterial and B. coli efficiency :
—

Merrimack River Water as it floivs uj)on the Lawrence City Filter.

[Parte per 100,000.]

January,

February,

March, .

April,

May,

June,

July,

August, .

September,

October, .

November,

December,

Average,
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Waterfrom the Outlet of the Distributing Reservoir.

[Parts per 100,000.]

January,

.

February,

March,

April,

May,

June,

July,

August, .

September,

October, .

November,

Decenaber,

Average,

Tempera-
ture.
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Waterfrom a Tap at Lawrence Experiment Station.

[Parts per 100,000.]

January, .

February, .

March,

April,

May, .

June, .

July, .

August,

September,

October,

November,

December,

Average,
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B. coli, either when testing 1 or 100 cubic centimeters, and the total

number of bacteria present in these samples was only 75 per cubic centi-

meter, while the filter effluent, as pumped to the reservoir, contained B. coli

in 14 per cent, of the one cubic centimeter samples examined and also con-

tained 324 bacteria per cubic centimeter. Filter No. 142, containing only

about 1.5 feet in depth of sand during the year, gave, as wouM be ex-

pected, a much poorer bacterial and B. coli efficiency than Filter No. 143,

containing about 4 feet of the same grade of sand ; the bacterial efficiency

of these two filters being 96.4 and 99.5, respectively. Twenty-one per

cent, of the samples of Filter No. 142 showed B. coli when testing 1 cubic

centimeter and 32 per cent, when testing 100 cubic centimeters. With

Filter No. 143, however, the figures were 8 and 18 per cent., respectively;

that is to say, with only a difference of 3 per cent, in total bacterial effi-

ciency the deeper filter gave a B. coli efficiency fully twice as good as the

shallower filter.

Canal Water {Merrimack River Water applied to Experimental Filters)

.

[Average of Bacterial Analyses.]

Average
Number of
Bacteria
per c.c.

Number of
Samples
tested for

B. Coli.

Number of
Times

B. Coli was
found.

Average
Number of
B. Coli
per c.c.

Per Cent, of
Samples

containing
B. Coli.

January,
February, .

March,
April,

.

May, .

June, .

July, .

August,
September,
October,
November,
December, .

4,400
6,900

9,600

2,100
4,000
11,100
22,800
17,700

13,300
8,800
4,900
10,000

9,600 194

343
129
80
48

84

100
100
100
100
100
100
100
100
100
100
100
100

Filter No. 8A.

[Average of Bacterial Analyses.]

190^.



No. 34.] FILTRATION OF WATER. 239

Filter No. 142.

[Average of Bacterial Analyses.]
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Effluent of the Lawrence City Filler.

[Average of Bacterial Analyses.]

1902.
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Waler Jrom a Tap at Lawrence City Hall.

[Average of Bacterial Analyses.]

190S.
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On the Value of Tests for Bacteria of Specific

Types as an Index of Pollution,
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In recent years increased attention has been given by those interested

in sanitary problems, and especially water supply and water purification,

to methods for the determination of fecal bacteria in water, and to the

significance of their presence as a determining factor in judging the degree

of purity of a water.

During the past eight years the work at the experiment station along this

line has covered a wide field, and has included examinations of over 18,000

samples, including 4,700 samples of polluted river water, 9,100 samples of

filtered waters, 2,200 samples of other potable waters, including samples

from springs, curb wells, tubular wells, domestic wells, ponds and other

surface supplies, etc., and 2,100 miscellaneous samples, including shell-

fish, sea water, ice, milk, dust, excrement from men and animals, grains,

food stuffs, etc. Investigations have also been made upon the seasonal

distribution of B. coli, the elimination of B. coli from water by storage, as

in reservoirs, and studies upon the similarity between the length of life of

B. coli and B. typhosus under a variety of conditions.

The principal types of bacteria ysed as indices of the pollution of water

are the colon type, the sewage streptococcus type, the sporogenes type and

occasionally the two so-called paracolon types ; that is, the aerogenes, or

enteritidis, Gartner, type, and the chologenes type. The colon type is the

most numerous of these in normal sewage, and is, accordingly, considered

of the most value as a specific indication of pollution.

A number of investigators have published results seeming to show the

presence of bacteria of the colon type in samples from sources apparently

removed from pollution, and these results tend to discredit the value of

tests for organisms of this type as an indication of sewage pollution.

Nevertheless, the colon tests, correctly interpreted, are, undoubtedly a

valuable aid in the analyses of certain classes of water where the determina-

tion of suspected, pollution becomes necessary. That B. coli are widely

distributed is not to be disputed when we consider that this organism is

//
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found in the fecal discharges of men and the major animals widely used as

a dressing for arable soil, and in the intestinal contents of many of the

smaller animals, both domestic and wild, and in the evacuations from fowls

and some of the migratory birds. Flies and other insects may also act as

carriers of these germs, depositing them in places where we would least

expect to find them. Examinations of 48 flies at the experiment station

resulted in the finding of B. coli in or on nine of these, and bacteria of the

strepto type in or on three others. No relation could be traced between

the locality where these fliers were caught and the finding of the test

organism. Flies caught about the filter house at the station where sewage

is constantly present frequently failing to show the test organism, while

others, obtained from localities removed from sewers, privy vaults, stables

or any of the usual sources of contamination, gave positive reactions.

The work of many of the critics of the value of the colon tests is open to

the objection that their findings are not supported by sufficient data, or that

their cultural methods are inadequate when viewed from our own stand-

point. The fact that Klein and Houston^ found organisms similar to B.

coli in commercial food stuffs, and have been supported in their find-

ings by a number of other investigators, has been the basis of an attempt

to show that the colon bacillus is merely a member of a larger group of

saphrophytes of the so-called lactic acid group. These critics, however,

fail to note the fact that Klein and Houston also found in these same

samples of cereals bacteria of the sewage streptococcus type and of the

B. sporogenes type, both of which types are offered by them as indicating

sewage pollution. In other words, if we accept the fact that these observers

found B. coli, we must also accept the fact that, as shown by other bac-

terial tests made by them, the grains which they tested had at some time

been exposed to pollution. This is not to be wondered at considering that

B. coli is frequently found in the excrement from mice and rats, which

overrun grain elevators and grain ships, and also the possible chance of

contamination during the processes of harvesting, threshing and milling

the grain. At the experiment station a number of samples of grains have

been examined for B. coli, all of these samples, however, being carefully

collected directly from the fields where they were growing, and in no case

has any organism been found which would have been in an}^ way con-

founded with the colon type, notwithstanding the fact that 25 samples of

corn were examined which came from a municipal sewage filtration area to

which sewage was being applied daily.

For several years the B. coli work at Lawrence was almost entirely con-

fined to determinations of the numbers of the^ organism present in the Mer-

rimack River water and in the effluents of the filters receiving this water.

In these studies many thousand tests were made and the work of the Law-

rence city filter and of the different experimental filters, operated under a

variety of conditions and at varying rates, have been observed. Much of
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this work has been summarized in the reports of the Board since 1896,

in the chapters upon " Filtration of Water."

Attention has been drawn in these reports to the lower B. coli efficiency

of sand filters in winter than in summer, and to the fact that during a

disturbance of the city filter, severe enough to cause numerous cases of

typhoid fever in Lawrence, the poor quality of the filtered water was more

plainly indicated by the decreased B. coli efficiency of this filter than by

decreased bacterial efficiency, i. e., removal of the total number of bacteria

in the river water.

The fact that water as polluted as that in the Merrimack River shows

occasional coli after filtration has been commented upon, and the state-

ment made that the removal by a filter of all B. coli in a raw water is

probably an unnecessary degree of bacterial refinement, when the water to

be filtered is as polluted as that fiowing in the Merrimack River at Law^
rence. The truth of this statement can be shown in a number of ways,

but most strongly by the very low typhoid death-rate of Lawrence since

the construction of the city filter ; in fact, one of the lowest death-rates

from this cause of any of the cities of the State, notwithstanding the fact

that B. coli are found with more or less frequency in the filtered city water

when examining 1 cubic centimeter of this water.

In Table No. 1 are shown the results, by years, of examinations of the

water of the Merrimack River from three different locations at Lawrence :

1, the water as it flows upon the city filter ; 2, the water from the canal as

it flows upon the filters at the experiment station ; and 3, the water from
the river near the station after it has received a large proportion of the

sewage from the city. The results of examinations of the effluents of the

Lawrence city filter, operating at a rate of 1,500,000 to 2,500,000 gallons

per acre daily, and of experimental Filter No. 8A, operating at rates of

2,500,000 to 5,000,000 gallons per acre, are also shown.

Table No. 1.— Shoiving the Yearly cmd Total Averages of the Presence of B. Coli

in the Merrimack River and in the Effluents of the Lawrence City Filler

and Filter No. 8A.

Merrimack River at Intake of the Lawrence City Filter.
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Table No. 1 .— Showing the Yearly and Total Averages of the Presence of B. Coli

in the Merrimack River and in the Effluents of the Lawrence City Filler and

Filter No. 8 A.— Concluded.

Merrimack Riverfrom Essex Company's Canal.
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intake of the Lawrence city filter and in the water as it flows to the filters

at the experiment station, higher numbers of B. coli per cubic centimeter

have been found during the summer months than during the winter months

in four out of six years, and in the same water, after receiving the sewage

of the city of Lawrence, the numbers of B. coli have been higher in the

summer season in two out of three years. The average number for five

and one-half years at both of the first two locations is also higher for the

summer season.

A number of factors enter into the seasonal distribution of B. coli in

the river water ; we may assume that the polluting sewage from the cities

on the water-shed of this river is practically a constant during the two

seasons, increasing slowly and regularly as the population increases, and

the total amount of solid excrement turned into the river in the form of

sewage also increases slowly and regularly, but this increase may be

neglected in the comparison since it applies equally to both seasons. The
volume of sewage from a given population fluctuates, of course, through

wide limits, but the amount of solid excrement in the total volume of the

sewage is probably increasing very slowly. The first factor, then, assum-

ing that this solid matter is a constant, is the dilution. A study of the

weekly flow of the river and of the averages of the weekly analyses for B.

coli show us that as the flow of the river increases the numbers of B. coli

diminish ; in other words, the greater the dilution, the less the numbers of

B. coli, and the periods of flood in the Merrimack River, as contrasted

with the periods of low water, have almost uniformly occurred during the

winter months. Another factor is the temperature. Owing to the low

temperature of the water in winter, bacterial life within it is dormant, and

the solid particles entering the river in the sewage and settling out before

the flow of the river carries them to Lawrence are not decomposed quickly

by bacterial action, and enclosed bacteria liberated, as is the case in sum-

mer. Moreover, cold is itself inimical to the life of B. coli, as will be

shown later. The factor of dilution is, of course, important also in the

filtration of this water. The more bacteria of a certain type in the raw
water the more often we would expect, other conditions being equal, to find

that type present in the effluent from a sand filter to which that water was
being applied. To offset the generally lower numbers in the river water in

winter on account of dilution and low temperature, however, the high

temperature of summer operates strongly as favoring the reduction in num-
bers of B. coli by the filter during this season. That is, in the winter the

water is cold and the biological processes, which are largely responsible for

the purification of the water and the death of organisms of the fecal type

while passing through the filter, are sluggish, and the efficiency of the filter

is less than during the summer season, when all biological processes are

active. Samples from ponds and lakes which have been tested regularly

for B. coli during the preceding three years show that B. coli is more fre-
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quently found in summer than in winter in seven of the eight sources.

About three times as many samples have been collected from these supplies,

however, in summer as in winter, which would, in a measure, influence the

result, and the shores of a number of these lakes are used as pleasure

resorts during the summer.

The yearly results of the analyses of the river water are shown in Table

No. 2, and the results of the analyses of the filtered waters are shown in

Table No. 3. The results of tests in both 1 and 100 cubic centimeters

are shown for the filtered waters. The significance of tests in these two

volumes will be discussed further on in this paper.

Table No. 2. — Showing Relative Distribution of B. Coli in Merrimack River

during Five Months ending March 31 and Seven Months ending October 31.—
1898 1903 inclusive.

At Intake of Lawrence City Filter.
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Table No. 3.— Showing Relative Distribution of B. Colt in the Effluentfrom the

Lawrence City Filter and in the Effluent from Filter No. 8A during Five

Months ending March 31 and Seven Months ending October 31. — 1898-
1903 inchisive.

Effluent of Filter Xo. 8A.
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Of the 6 samples collected directly from the springs, in which B. coli

was found, 1 was from a source which inspection and chemical analysis

showed to be unpolluted ; 1 was from a source surrounded by cultivated

fields, but without buildings in the immediate vicinity (the chlorine in this

sample was about normal for the region, however) ; the other 4 samples

were from locations with either buildings, barn-yards, vaults, etc., in the

immediate vicinity, and in which the chlorine was above the normal in each

case ; in other words, in an examination of 282 samples of spring waters,

B. coli was found in less than 5 per cent, of the samples, and in most of

those samples collected by employees of the Board in which it was present,

evidence of probable pollution was shown by inspection of the surround-

ings as well as by chemical analysis.

Samples from Public Tubular and Curb Wells.

During the past two or three years 170 samples from twenty-five sets of

tubular wells and nineteen curb wells, used as sources of public water

supply, have been examined for B. coli. Of the 128 samples from tubular

wells which have been examined, only 1 has given a positive test for B.

coli, and that when testing 100 cubic centimeters of the water. Of the

42 samples from curb wells, 1 has given a positive test for B. coli when

testing 1 cubic centimeter, and 3 when testing 100 cubic centimeters. The

waters in these wells are, however, as shown by chemical analysis and the

health of the people using them, probably of a good and safe quality. In

the curb wells, many feet in diameter, there is, perhaps, a chance for

accidental contamination by B. coli to which the tubular or driven wells

are not subject. In the one instance where a positive test was obtained in

a sample of water from a tubular well, this water had been shown to be

suspicious by many chemical analyses, and these wells are near one of the

most polluted rivers in the State.

Besides the samples from tubular wells, already enumerated, positive

tests were given for B. coli in several samples of water from a supply

system drawn from tubular wells, this water having become accidentally

contaminated by the introduction of polluted surface water at this time,

chemical analysis and determination of numbers of bacteria failing to detect

this pollution.

Samples from Domestic or Private Wells.

Five hundred and fifteen samples of water from one hundred and eighty-

six private or domestic wells have been collected and examined during the

past two years. Of these, 14, or 2.7 per cent., have given a positive test

for B. coli when taking 1 cubic centimeter, and 17, or 3.3 per cent., when

taking 100 cubic centimeters of the water.

Studying the chemical analyses of the water from these wells, and the

determinations of numbers of bacteria present, we find that many of the
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most polluted wells in respect to high chlorine, unoxidized nitrogen in the

form of free ammonia, and oxidized or partially oxidized nitrogen in the

form of nitrates and nitrites, did not show B. coli in the examinations

made, in the volume of water tested for this germ.

In studying the complete chemical and bacterial analyses of all these

samples, it is evident that gross previous or present pollution of the water

and positive tests for B. coli in conjunction was the exception rather than

the rule. That is to say, waters that at any time might become dangerous

to those using them were more clearly indicated by single chemical analyses

than by one or two B. coli tests, and more clearly than by determinations

of the number of bacteria present.*

Examinations of "Waters from Ponds and Lakes.

During the past three years 432 samples from ponds and lakes, within

twenty miles of the experiment station, have been examined bacterio-

logically.

In the B. coli work on samples of these waters collected during 1901 and

1902, tests, when using both 1 and 100 cubic centimeters of each sample,

were made, and during 1903, besides these tests, many others, when using

1,000 cubic centimeters of each sample, have been made.

Of these 432 samples, only 10 gave positive tests for B, coli when taking

1 cubic centimeter of the sample for examination. Out of 30 samples

collected from the lake with the greatest population per square mile of

water-shed, 5, or 13.3 per cent, of the number collected, gave positive

tests. This lake is used largely for boating, fishing, etc., but not as a

source of public water supply.

Lake No. 2, with the next greatest population per square mile of water-

shed, gave positive tests in 1 out of 29 1 cubic centimeter samples examined.

This lake is used as a source of water supply, but its shores are more or

less carefully guarded, and little boating or fishing is allowed upon it.

Of the two remaining lakes, samples from which gave positive tests for

B. coli in 1 cubic centimeter of water, both have a comparatively small

population per square mile of water-shed, but both are used more exten-

sively than any of the other lakes (except, perhaps. No. 1) for boating and

fishing. Both, also, are surrounded by cultivated land and have picnic

grounds upon their shores, those upon Lake No. 6 being liberally patron-

ized during the summer season, and Lake No. 7 having a house of a country

club, with a considerable membership, upon its shores. This house is

used, more or less, every pleasant summer afternoon, and quite extensively

upon Saturdays and Sundays. Much boating and fishing take place.

Studying the results of tests for B. coli in these waters when taking

* An article, presenting a thorough discussion of all the results of inspection of the wells and their

surroundings, together -with chemical and bacterial analyses of these well waters, is to appear in a

subsequent report of the Board.
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larger volumes than 1 cubic centimeter for examination, it will be seen,

that with one exception, even those lake waters not responding positively

to this test when taking 1 cubic centimeter gave occasional positive tests

when as large a volume of water as 100 cubic centimeters was taken, and

that when 1 liter was taken, the percentage of positive tests again increased

in every instance but one. The results show with considerable clearness

that in the examination of surface waters from inhabited localities, the

question of obtaining positive tests for B. coli is only one of taking a

sufficient volume of water for the test. They also indicate that the degree

of contamination of these waters varies inversely as the volume required to

give a positive test for B. coli.

A list of these lakes by number, with data in regard to the area of water

surface of each lake, area of water-shed, population per square mile of

water-shed and total population upon the water-shed, together with the re-

sults of tests for B. coli in different volumes, and the excess of chlorine

above the normal, are shown in Table No. 4.
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On the Change in the Numbers of B. Coli in Water during Storage.

As many examinations for B. coli have been made of samples of waters

from storage reservoirs or impounded waters, some knowledge of the

change which takes place in the number of B. coli in waters of this class

during the period of storage has been gained. These data have been col-

lected in four tables, as follows: 1, the change which takes place in a

body of water considerably polluted and which has a continuous but irreg-

ular flow of water through it ; 2, the change which takes place in a storage

reservoir through which there is a nearly constant flow of water; 3, the

change which takes place in a storage reservoir which, being once polluted,

stands stagnant without further pollution.

1. As a type of the first class we have the Merrimack River above

Lawrence. The distance from the Lowell sewer outfalls to the Lawrence

dam is approximately ten miles, and from a point about one and one-half

miles below the sewers to the Lawrence dam there is only a slight fall, so

that during periods of low water all of the water is held back by flash-

boards on the dam and passes through the Essex Company's canals. A
number of series of samples have been taken at different points along the

river between Lowell and Lawrence, and the analyses of these samples, as

far as the data concern the colon problem, have been collected in Table

No. 5.

At each location covered by the investigation a number of samples were

taken from the surface, from near the bottom and from a depth midway

between the surface and the bottom, at two or three points directly across

the river. Analyses of all of these samples were then averaged, and the

averages are the figures that appear opposite the various distances in the

table. In the series numbered I. the numbers of B. coli are averages of

three such samples. In each of the other three series quoted the numbers

of B. coli are averages of six samples in each case. At the times when

these series were taken the water in the river was low and there was only

a slight current, caused by the draught of water by the mills, upon this

storage basin.

The results did not show any regular difference between samples at the

surface and at the bottom of the river, or between samples taken near the

shores or in mid-stream. The average results as quoted are very erratic,

and show no regular decrease in numbers of B. coli in the distance of nine

miles covered by the investigation. The numbers are slightly higher in

three out of the four series in samples collected at a distance of three miles

below the sewers than at one and one-half miles, and in two out of four

series the results are higher at a distance of five miles below the sewers

than at the two locations nearer the sewers. In one series the highest

results were obtained at a point seven miles below the sewers. Series

number II. illustrates the effect of a sudden influx of water. Three of the
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locations had been covered on the date on which it was intended to take

this series. Before samples were obtained from the two points farthest

from the sewer outfalls, the work was interrupted by a heavy rainfall, and

the samples from these two points could not be taken until some eighteen

hours later. The decrease in numbers of B. coli in these last two results

over the three preceding results is verj' marked. The results of these

series are shown in Table No. 5 :
—

Table No. 5.— Shoiving Numbers of Bacteria of the Colon Type in the Merri-

mack River at Various Distances below the Lowell Sewer Outfall.
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the applied water during the first five weeks. Beginning with the seven-

teenth week of the experiment, a small portion of sewage was mixed with

the Merrimack River water applied to the tank to increase the numbers of

B. coli, this being continued during four weeks. The average number
of B. coli in the influent during this period was 615 per cubic centimeter,

but the numbers of B. coli in the samples of reservoir water remained

very low throughout, and the organism was found in only 10 per cent, of

the samples from each of the three points, namely, surface, six feet deep

and twelve feet deep. The averages of results obtained during this experi-

ment are shown as follows, in Table No. 6 :
—

Table No. 6.— Shoiving Change in the Number of Bacteria of the Colon Type
in a Storage Reservoir having a ContiJiuous Infloio and Oulfloio.
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be expected, a considerably greater number of samples contained B. coli

in the larger volume than in the smaller volume, but the ratio between the

influent and the effluent of the reservoir remained practically the same,

whichever volume was used as a means of comparison. In this instance

the water was one from which the normal bacteria had been largely re-

moved by filtration, and one whose chemical contents had been changed to

a considerable extent by biological processes, so that it contained much of

its nitrogen in a different form from that in Merrimack River water, and

which might be supposed to be in a condition to support a development of

bacterial life in the storage reservoir ; nevertheless, a constant elimination

of germsof the colon type occurred. The yearly averages of analyses of

influent and effluent of this reservoir are shown as follows, in Table No. 7 :
—

Table No. 7.— Showing Change in the Percentages of Bacteria of the Colon Type

in Water before and after passing through the Lawrence Storage Reservoir.

1898, .

1899, .

1900, .

1901, .

1902, .

1903 (6 months only),

Average,

Per Cent, of Samples costaining Bacteria of the Colon Ttpb.

In 1 CcBic Centimkter..

Effluent from
City Filter.

Outlet of
Reservoir.

In 100 CcBic Centimeters.

Effluent from
City Filter.

Outlet of
Reservoir.

38
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difference in the bacterial contents of water from different portions of the

tank. After eleven days B. coli were found in only one sample, this being

collected near the bottom of the tank. On the twelfth day and later B. coli

were not found in the water from any portion of the tank, and on emptying
the tank on the fifteenth day, analyses of scrapings from the bottom of the

tank showed the complete absence of the organism. The average daily

results of analyses of water from three levels in this tank are shown as

follows, in Table No. 8 :
—

Table No. 8. — Shotving the Change in Numbers of Bacteria of the Colon Type

at Various Depths in a Stagnant Storage Reservoir.

Elapsed Time.
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species may evidently destroy the B. coli before laboratory examination is

possible.

A following table shows the number of samples of shell-fish examined,

together with a more or less accurate statement as to the character of the

source from which these fish were taken.

Table No. 9.— Showing Results of Tests for B. Coli in Shell-fish and Sea Water

from Polluted and Non-polluted Sources.
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Table No. 10.

—

Showing Results of Testsfor B. Coliin Shellfish collected at

Known Distances from a Seiver Outlet.
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asthenae, Dawson, from fowls' intestines ; Bx. chologenes, Kruse, from

Angio-colitis ; and B. No. 56, Gage, from water.

Seven species belong to the so-called paracolon (A) type, or the aero-

genes, or enteritidis, Gartner, groups ; that is, bacteria identical with the

colon type with the exception that indol is not produced in pepton solutions.

These are Bact. aerogenes, Escherich, B. coli-immobilis, Kruse, B. No.

133, Gage, from feces; Bx. enteritidis, Gartner, from decayed meat;

Bact. fermentationis, Chester, from soil; Bact. pallescens, Heurici, from

cheese.

Thirteen species would give positive reactions by the presumptive test,

in which the descriptions are not suQiciently well worked out to identify

them with or exclude them from the three preceding groups. These are

Str. mesenteroides (Cienkowski), Migula, from saccharose solutions; Str.

agalactse, Adametz, from mastitis of cows; Bact. acidi-formans, Stern-

berg, from yellow fever cadaver ; Bact. emphysematosum, Kruse, from

gaseous phlegmon; Bact. chinense (Hamilton), Chester, from India ink;

Bact. Wrightii, Chester, from broncho-pneumonia ; Bact. endometriditis,

Kruse, from abscess of the liver; Ps. ambigua, Wright, from water; B.

Marsiliensis, Kruse, from swine plague ; B. Wardi, Chester, from milk

;

B. muripestifer, Kruse, from mice plague ; B. thermophilis, Chester.

Besides these there are 23 species which would show positive results when
tested by the presumptive test alone, which would be readily thrown out by
subsequent tests and would never be included in either of the first three

groups. These are Ps. monadiformis, Kruse, Bx. icterogenes, Kruse, from

feces ; Bx. aerogenes, Schow, from urine ; Ps. sinuosa, Wright, from water;

Bact. No. 110, Gage, from ground water, and Bact. No. 117, Gage, frotn

filtered water ; Bx. muscoides-colorabilis, Ucke, from soil ; Bact. sputige-

num (Herla), Chester, from sputum; Bact. pneumoniae, Zopf, from saliva;

Bact. ozsense (Abel), Lehman-Newman, from nasal mucus ; Bact. viscosum,

Van Laer, from beer, yeast and bread ; Bact. Nos. 62 and 136, Gage, from
shell-fish ; Bact. Bordonii (Trevisan), Chester; Bx. loxiacida, Tartakowsky,

from disease of birds ; Bx. murium, Loflfler, Bx. Poelsii, Chester, B. Silber-

schmidii, Chester, and B. Breslaviensis, Kruse, from decayed meat; B.

levans, Lehman-Wolflfin, from sour dough ; B. columbarum, Chester, from
pigeon cholera ; B. Salmonii, Trevisan, from hog cholera; and Spirochaeta

febris, Chester, from recurrent fever.

In the Lawrence work, species belonging to the first-mentioned or colon

group only are included under the name " B. coli," that is, only those cul-

tures responding positively to all the tests included in the "Lawrence B.

coli methods," first described in the report for 1898, page 533 ; and again,

with minor changes due to continued studies, in the report for 1901, page
397.

In studies previously reported ^ it was shown that the presumptive test

had an efficiency of from 40 to 60 per cent, as an indication of the presence
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of B. coli. This factor has varied greatly with the character of the sample

and with the degree of pollution. For filtered waters the presumptive test,

followed by the litmus lactose agar plate and the appearance of the growth

on the agar streak, would enable an experienced observer to judge very

closely as to the presence or absence of B. coli. For a person without wide

experience, however, the error of such judgment might be considerable.

The presumptive test in itself, without these confirmations, would, even to

the experienced observer, be very difficult of interpretation. In the exam-

ination of surface water supplies, as previousl}" shown in Table No. 4, the

presumptive test in small volumes would appear to be of little value. As
the volume was increased, however, to 100 cubic centimeters the presump-

tive test gave results which agreed very closely with the probable pollution

as indicated by the population on the water-shed of the various lakes, and

with liter samples this connection between the probable pollution and the

presumptive test was even closer.

In an examination of well waters of different types the presumptive test

frequently gave positive results where the absence of B. coli, and the

general character of the samples from all stand-points, showed the samples

to be entirely above suspicion. In the examination of shell-fish the pre-

sumptive test alone would lead to very erroneous results. In TableNo. 10

it is shown that even with the shell-fish from sources known to be grievously

polluted a positive result was obtained with the presumptive test in about

80 per cent, of the samples. In Table No. 9 the positive presumptive test

with samples which were known to be remote from pollution were very mis-

leading, 25 per cent, of the examinations of the intestines of shell-fish from

such sources, and 3 per cent, of the samples of sea water from those sources,

giving a positive presumptive test, although B. coli or other fecal bacteria

were not found. In the examination of milk over 14 per cent, of the sam-

ples showed a positive presumptive test, but something less than 4 per cent,

of the samples showed fecal bacteria when the tests were concluded.

In Table No. 11 we find that 5 per cent, of the samples of ice gave us a

positive presumptive test in 1 cubic centimeter, as compared with 3 per

cent, positive in 100 cubic centimeters. The findings of B. coli, however,

were 1 per cent, in 1 cubic centimeter and 2 per cent, in 100 cubic centi-

meters, probably nearer the true relation.

Significance of the Various Test Types.

Of the various forms of bacteria used as indices of sewage pollution, the

principal ones are B. coli, the sewage streptococcus and B. sporogenes.

Of these, B. coli has formed a basis for the greatest amount of work

;

nevertheless, the other two have considerable standing among various ob-

servers in different parts of the world. B. coli is supposed to show present

or past pollution, usually, recent pollution. The streptococcus type, it is

stated, should show only very recent pollution by sewage ; evidence as to-
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this, however, has not been forthcoming. The Bacillus sporogenes, being

a spore-forming organism, may show present pollution and it may also

show pollution which has occurred at some previous time, and from which

the danger has now entirely ceased. The two so-called paracolon types,

that is, the aerogenes, or enteriditis, Gartner, type and the chologenes type,

are introduced here merely because in some laboratories one- or the other

is included under the colon type. As to the distribution of the colon,

aerogenes and chologenes types, there is a large amount of data. The

data concerning the streptococcus type is not as complete. Houston^ de-

scribes twenty-one cultures, among which there appear to be at least seven

distinct species, while the same number of species have been isolated and

described at the experiment station.^ Winslow and Hunnewell^ report

the finding of sewage streptococci in a variety of apparently unpolluted

samples. It certainly is a fact that micrococcus forms in general are

abundant in the air and in soil, and it is probable that more extended study

will show them to be of as wide variety as are the other forms of bacterial

life. The data concerning B. sporogenes, belonging as it does to that

restricted and little studied group of bacteria, the pathogenic, spore-form-

ing, obligate anaerobes, are very meagre indeed. While at present we know

of only two other species which would be included by the usual sporogenes

test, more study is required before we accept this test as final.

In examinations of water or other substances for present pollution, tests

for the specific organism which is believed to be the best index of pollu-

tion, which is most numerous in sewage and for which the tests are most

exact, will be of the most value, always assuming that this organism is

characteristic of sewage and is not found, or at least only occasionally

found, in sources removed from pollution. Examinations of sewage at the

experiment station show that in dilutions of ^^^,3^ we may expect to find

B. coli in 95 per cent, of the samples, and that we may identify the sewage

streptococcus in 67 per cent, of the samples. A dilution of yo-g-Q^ cuts the

percentage of positive tests for B. coli to 78 per cent, of the samples, and

the percentage of streptococcus to 6 per cent, of the samples. In dilutions

of Towoo ^- ^^^^ ^^^ found in 40 per cent, of the samples, and in a dilu-

tion of iQo^ooo B. coli was found in 6 per cent, of the samples. The
sewage streptococcus could not be identified in dilutions greater than -57^^^^^.

B. sporogenes can usually be detected in dilutions of -^ to y^g^, but in

dilutions greater than this it is only very rarely detected. In other words,

we may expect to obtain a diagnosis with B. coli in such dilutions that the

presence of B. sporogenes or of the sewage streptococcus could not be

detected.

During a period of six months in 1902 and 1903, daily examinations

were made for these three organisms in the Merrimack River water and in

the effluent from the Lawrence city filter. In the polluted river water, and

when taking 1 cubic centimeter, B. coli were found in 99 per cent, of the
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samples examined, bacteria of the sewage streptococcus type were found

in 45 per cent, of the samples and B. sporogenes was found in only 24 per

cent, of the samples. In one month, when B. coli were found in 100 per

cent, of the samples examined, B, sporogenes was found in only 4 percent,

of the samples, and in another month, when B. coli was found in 96 per

cent, of the samples, the sewage streptococcus was not found. In the

filtered water, B. coli was found in 5 per cent, of the 1 cubic centimeter

samples and in 10 per cent, of the 100 cubic centimeter samples. The

sewage streptococcus was not found when taking volumes as large as 100

cubic centimeters. B. sporogenes was not found in 1 cubic centimeter,

but was found in 14 per cent, of the 100 cubic centimeter samples. The

ratio between positive results in 1 cubic centimeter and 100 cubic centi-

meter samples for B. coli was as 1 is to 2, which is approximately the ratio

we have found normally occurring with filtered waters. The ratio between

the 1 cubic centimeter and 100 cubic centimeter tests for B. sporogenes was

as to 14.

During a period of four months in 1903, samples of milk from Lawrence

dealers were tested daily for fecal bacteria. B. coli was found in 4 per

cent, of these samples and bacteria of the sewage streptococcus type were

found in 3 per cent, of the samples. Bacteria of the chologenes type were

present in 1 per cent, of the samples and bacteria of the aerogenes type

were not found. Organisms giving all the characteristics of B. sporogenes

were found in 10 per cent, of the samples, these sporogenes tests, however,

not being confirmed by animal inoculation.

The relative distribution of these various type forms, with the exception

of B. sporogenes, in nearly 3,000 samples of eleven different kinds during

one year is shown in Table No. 11.
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RELATIVE VIABILITY OF B. COLI AND B. TYPHOSUS.

While we interpret our colon tests only in the light of their indication of

fecal pollution, many bacteriologists have an underlying if not freely ex-

pressed opinion that B. coli has a greater signiQcance. That this opinion

is prevalent is indicated by the numerous articles in which B. coli and B.

typhosus are compared, especially by bacteriologists working along patho-

logical lines, many of whom have sought to show an interrelation between

the two species, with allied species or races filling in the gap between the

two, until we have a gradation of forms from one to the other, and the

introduction of the terms paracolon and paratyphoid.

Furthermore, it is believed by many that B. coli and some of the so-

called paracolon types are in themselves the cause of intestinal and diges-

tive disorders, and even of maladies closely approaching typhoid fever.

In the recent epidemic of typhoid at Ithaca, N. Y., attending physicians

diagnosed no less than 16 cases as paracolon fever, and one death from

that cause was given. Allen", in a recent paper, reviews at length the

various supposed paracolon infections in the United States. Valagressa*

has traced the cause of epidemic diarrhoea in Italy to the toxins of B. coli

and allied types (paracolon?), and has succeeded in producing a similar

infection in animals by inoculation with the toxins from experimental cul-

tures of these germs. A report from Russia'' announces an epidemic disease

of horses undoubtedly caused by B. coli. Curtice^*' reports an epidemic

disease among fowls in which the colon bacillus was constantly present,

together with another pathogen in the feces of all cases examined. Other

reports have ascribed to B. coli as the cause or accompaniment of various

maladies, as spinal meningitis, brain disorders, etc

While the position taken by some writers, that B. coli and B. typhosus

are identical, or are strains or races from the same original stock, is unten-

able in the light of all present knowledge of the subject, nevertheless, cer-

tain points of similarity do exist in the biological history of the two species,

and especially in the behavior of laboratory cultures of these germs towards

certain adverse conditions.

The following studies concerning the relative behavior of the two species

have been made at Lawrence : as regards

1. Removal from water by sand filtration.

2. Persistence in the filtering material of a sand filter through which a

current of water is constantly passing.

3. Their viability when subjected to cold without freezing.

4. Their elimination by the formation of ice upon a body of water.

5. Their elimination by complete freezing of a body of water.

6. Their viability in ice.

7. Their resistance to heat.

8. Their resistance to sunlight.
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The Relative Behavior of B. Coli and B. Typhosus in Watek dur-

ing Sand Filtration.

In 1892," the removal of B. typhosus by sand filters was studied at Law-

rence, a decrease in the numbers of these germs after filtration of between

99 and 100 per cent, being noted.

In 1900,^- two experimental filters were operated with water enriched with

both B. coli and B. typhosus, the studies being so conducted, first, as to

show the relative removal of the two types by filters in normal condition,

when the type organisms were continuously present in considerable numbers

in the applied water ; and, second, to determine how long the test germs

would continue to be present in the effluents from the filters after the infect-

ing material ceased to exist in the applied water.

1. Relative Removal from Water by Sand Filtration.

During the first portion of the experiments, the average daily number of

B. coli per cubic centimeter in the applied water was 525 and the number of

B. typhosus was 282. The number of B. coli was greater than we have ever

found to be present in the Merrimack River, while the number of typhoid

germs was undoubtedly greater than would ever be present in any water

which was to be purified for domestic use. For this reason the tests of the

filters were unusually severe. During this period the intermittent filter re-

moved 98.7 per cent, of the total bacteria, 99.9 percent, of the B. coli and

100 per cent, of the B. typhosus. B. coli was found in 26 per cent, of the

samples and B. typhosus was not found at all.

In the continuous filter, 98.7 percent, of the total bacteria were removed,

99.8 per cent, of the B. coli and 99.9 per cent, of the typhoid germs, B.

coli being found in 22 per cent, of the samples and B. typhosus in 4 per

cent.

2. Persistence of the Two Species in the Filtering Material.

In order to determine the persistence of the test germs in the effluents,

after the infection of the applied water had ceased, immense numbers of

each were mixed with the water for some days, until the germs were uni-

formly present in the effluents ; water free from both germs was then turned

on to the filters and tests made until the germs were found not to be present

in the filtered water. In the case of the intermittent filter, B. coli was

found to be present in the effluent during twenty-four to thirty-six hours

after the infection had ceased, while all of the B. typhosus were eliminated

in a few hours. With the continuous filter, B. coli persisted in the eflluent

four to six days, while the typhoid germ was not found after the second day.

The Effect of Cold on B. Coli and B. Typhosus.

Considerable literature exists with regard to the effect of cold and

freezing upon B. typhosus, and a few papers include results of the investi-
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gations also with B. coli. Sedgewick and Winslow^^ give a very complete

bibliography of the subject up to 1901 ; recent contributions by Park"

and Brehme,^^ and an article^'' in the report of the Board for 1900, have

added valuable data on the subject.

The studies of the effect of cold on B. coli and B. typhosus at the

Lawrence Experiment Station have been carried out in three different

experiments ; first, the viability of the organisms in water when kept at a

temperature just above the freezing point, this being the condition which

exists in our rivers in cold climates during the winter season ; second, the

elimination of the germs by freezing ; in this case we have the combined

effect of the cold, more intense than is possible with a water culture, and

the mechanical effect of freezing, either the mechanical throwing out of

extraneous matter when the freezing occurs in the open, or the crowding

effect which takes place when the whole body of the liquid is frozen ; third,

the longevity of the germs in the frozen condition.

3. Viability when s^ibjected to Cold without Freezing.

The results illustrating this phase of the study have been compiled from

two sources. In a considerable number of our experiments on the elimi-

nation of bacteria by freezing, frequent analyses were made of samples of

the water from under the ice. The numbers of bacteria in this water have

been subjected not only to the effect of low temperature but also to the

effect of sedimentation, and to a slight increase during the elimination of

the bacteria on the surface layers in the formation of ice. The effect of

sedimentation in clear waters, snch as the ones used in these experiments,

is very slight, as has been shown before. As a control, however, experi-

ments were also made with water in bottles suspended in tanks at a tem-

perature just above freezing. The results obtained have varied among
themselves very considerably.

With B. coli, in one instance no living germs were found on the twelfth

day, in another instance they had disappeared on the fifteenth day, while

in another instance they did not disappear until the twenty-first day. In

two experiments 99 per cent, of the B. coli had disappeared on the fourth

day, while in another instance the number of germs found on the eighth

day was greater than at the start.

With B. typhosus, in one experiment the germs had disappeared on the

fifth day, in another they had disappeared on the eighth day, while in two

other instances the germs were found to be present in small numbers on

the tenth and twelfth days, respectively. The results of these experiments

are shown in Table No. 12. Experiments so few in number, however,

have no great significance, and the fact that B. coli and B. typhosus can

live for much longer periods under more adverse circumstances is shown by

further experiments.
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^ Table No. 1"2. — Showing the Relative Viability of B. Goli and ^, Typhosus in
^' Water at a Temperature of 33° F.
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About 50 per cent, of the B. coli and 75 per cent, of the B. typhosus

were removed by fifteen minutes of complete freezing; at the end of one

hour about 95 per cent, of the B. coli and 97 per cent, of the B. typhosus

had disappeared from the ice, and in from three to seven hours over 99 per

cent, of both germs were eliminated. The complete results of two experi-

ments with each germ are given in Table No. 14.

Table No. 14.— Showing Reduclio7i in Numbers of B. Coli and B. Typhosus, in

Ice during the First Few Hours of Freezing.

Start,

15 minutes,
30 minutes,
45 minutes,
1 hour, .

"iii hours,
1^2 hours,
IX hours,
2 hours, .

2% hours,
3 hours, .

4 hours, .

5 hours, .

6 hours, .

7 hours, .

24 hours, .

70,800
61,200
12,400
8,200

3,300
4,000
5,000

5,400
4,300

5,800
785
600

4,200
501
395

57,400
14,200
6,600

7,500
2.600
3,200
2,900
3,500
2,400

1,300
705
560

1,800
155
283

Average
Per Cent.
Reduction

49
85
88
95.3
94.3
94
93
95
94.3
99
99
95.3
99.5
99.5

B. Typhosus.

I.
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If larger volumes of ice be examined the germs will be found alive for

longer periods, B. typhosus being found alive in two experiments after two

hundred and eighty days' exposure in the frozen condition. After long ex-

posure to cold by retention in the ice the morphological and cultural charac-

teristics of both of these cultures of B. coli and B. typhosus became so

changed that we should never have recognized the organisms as the ones

with which the experiments were started unless we had known positively

that we were dealing with pure cultures. Both germs reverted to a common
type, entirely different from the stock culture, and even by the most ex-

tended courses of cultivation on the laboratory media we were unable to

bring these cultures back to the original type. The results of these experi-

ments on long-continued storage of cultures in frozen condition is shown in

Table No. 15.

Table No. 15. — Showing Viability of B. Coli and B. Typhosus in Ice.
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7. Resistance to Heat.

While the thermal death point of both typhoid and B. eoli have been

determined by varions observers, very little literature exists as to the

diminution in numbers of the two organisms when submitted to various

degrees of heat for short periods of time. In our experiments, equal

volumes of water dilutions of virulent broth cultures were placed in small

tubes, these being carefully selected for uniformity as to bore and thick-

ness of glass. These tubes were then submitted, one at a time, to a

different temperature for a period of five minutes, after which one cubic

centimeter of the water was plated out immediately, and after incubation

at body temperature for twenty-four hours, the number of organisms

present in the sample were counted. The temperatures ranged from 30°

C. to 100° C, tests being made at intervals of five degrees. Thermometer

readings, with the thermometer inside the tube, showed that the contents

of the tube reached the temperature of the bath in about one-half minute, the

five-minute exposure, however, being reckoned from the time of immersion.

The results of the different tests agreed fairly well, both as regards duplicate

determinations with the same species and as comparisons of the two species.

From 30° to 45° C. both species diminish gradually in numbers, the per-

centage reduction being greater for typhoid than for B. coli, about 88 per

cent, of the former and 30 per cent, of the latter being eliminated at 45°.

At 50° there was only a slight additional decrease in the numbers of typhoid

germs, the B. coli being all destroyed with the exception of a few stray

individuals. At 55° all of the typhoid germs, with the exception of some
half a dozen individuals, were destroyed. At 55°, 60°, 65°, 70° and 80° a

few individuals of each species were found to survive. At 85° both cul-

tures were completely sterilized. The results of two experiments with

typhoid and two with B. coli are shown in Table No. 16.

Table No. 16. — Showing the Number of Oernis per Cubic Centimeter in Water

CuliMres of B. Coli and B. Tijphosus after Five Minutes' Exposure to Various

Temperalures.
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8.
' Resistance to SunligJit.

While it is generally known that many bacteria are destroyed by expos-

ure to sunlight, very little, if any, data exist concerning the exact quantita-

tive reduction in the numbers of the germs during their exposure to the

sunlight. A number of experiments along this line have been made at

Lawrence, the same cultures of typhoid and B. coli being used as were

used in the experiments heretofore mentioned.

In two experiments, each with typhoid and B. coli, water dilutions were

made from fresh cultures of the germs, 1 cubic centimeter of this water be-

ing placed in Petri dishes in the sun for definite periods. After exposure

the water in the plates was mixed with agar and all plates were incubated

twenty-four hours at 38°, after which the number of colonies was counted.

In one experiment. No. 26, the water dilution of typhoid was mixed with

melted agar and plates made as usual. After the agar had set, these plates

were then exposed to the sunlight. In one experiment with B. coli. No.

-81, the water culture was not exposed to the sunlight in plates, but the

exposure was made in a clear, white glass bottle of the Blake pattern,

holding 100 cubic centimeters, samples being taken from this at the proper

intervals and plated as usual.

In all cases control cultures were made under exactly the same conditions

as were the cultures exposed, these, however, being protected from the sun-

light by a heavy, opaque cloth, or some similar material. The temperature

of these cultures was, of course, considerably lower than was the tempera-

ture in the sun. The numbers of bacteria in the controls showed the usual

variation to be expected under the circumstances, usually a slight reduction

in numbers being noted during two or three hours' standing, although in

one instance the numbers increased quite materially. The data of these

control cultures are not shown in the accompanying tables.

The brightness of the sun also varied considerably, and attempts were

made to measure the amount of light by photographic means, but these

measurements were unsatisfactory, and the data are not included here.

With typhoid, from 95 to 99 per cent, of all the germs were destroyed by

ten to fifteen minutes' exposure to direct sunlight. A few germs may resist

the sunlight for a somewhat longer time ; usually, however, all the germs

were destroyed by three or more hours' exposure to bright sunlight. The
results of the experiments with typhoid are shown in the following tables,

in Table No. 17, experiments 24 and 25 being the ones in which the water

cultures were exposed to the sunlight. Experiment No. 26, Table No. 18,

being the one in which the agar plates were exposed.
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Table No. 17. — Showing Elimination of Typhoid Oerms in Water 07i Exj)osure

to Sunlight.
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being entirely overcast. In experiment No. 79, about 96 per cent, of the

germs were eliminated at the end of fifteen minutes and after thirty

minutes all of the germs were destroyed. In these two experiments the

water cultures were exposed in plates, the results being shown in Table

No. 19.

Table No. 19. — Showing Elimijia'Aon of B. Colt in Water Cultures on Exposure

to Stailight.
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Summary and Conclusions.

The principal types of bacteria used as indices of pollution are the colon

type, the sporogenes, sewage streptococcus type, and occasionally the

aerogenes and the chologenes types. The colon type has received the most

study ; it is widely distributed in nature and since it is the most numerous

of these types in normal sewage, it is of the most value as a positive indi-

cation of sewage pollution. The streptococcus type and sporogenes types

have not yet received the study necessary to determine their value as indi-

cations of pollution. The aerogenes and chologenes types have no specific

value, but are included by the tests applied in some laboratories under the

colon type.

In the filtration of a polluted water, such as that of the Merrimack River,

bacterial tests are, as is well known, of more value than chemical analyses.

The filtered water may be changed but little from the raw water by filtra-

tion, as far as chemical analyses can determine, and yet a source of danger

be absolutely removed, as shown or strongly indicated by bacterial tests.

Long-continued comparisons of the bacterial examinations, as applied to

raw and filtered waters, have shown that the B. coli test is a more delicate

indication of filter efficiency, when filtering water as polluted as that of the

Merrimack River water, than tests of the total number of bacteria present

in the filtered and unfiltered waters. Disturbing factors in filtration shown

slightly or not at all by ordinary bacterial counts and comparisons are often

shown strongly by B. coli tests.

In the examination of spring waters the degree of purity of samples,

collected in a careful and proper manner from properly guarded springs, is

almost absolutely shown by chemical analysis. B. coli was found in only

six of all the spring water samples examined that were collected directly

from the springs by employees of the Board, and in four of these waters

both inspection of the surroundings of the spring and chemical analysis

would alone have condemned the waters. In one case the entrance of B.

coli occurred, and pollution was not otherwise shown by either inspection

or chemical analysis. This accidental pollution was evidently only appli-

cable to this sample, however, and not to the general flow of water from

this spring. It is evident, of course, that however pure the water might be

as coming from the ground, accidental contamination from the person col-

lecting or bottling the water might introduce B. coli into the spring itself

and this contamination not be shown by chemical analysis, and this was

probably the case in this instance.

In the samples of spring waters, as sold upon the market, the chemical

analyses did not and could not reveal such slight accidental contamination

as might introduce B. coli, shown by the detection of this germ, and this

contamination might be of considerable moment. The determinations of
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numbers of bacteria in these samples were of little significance, as the

waters had been bottled for indefinite periods of time, with a plentiful

chance for the increase of the bacteria normally present in them when

drawn from the springs.

In the examination of ground waters from driven wells, comparisons of

the chemical, bacterial and B. coli analyses show that in all of 128 samples

quoted in this article, the chemical and bacterial, including B. coli, exam-

inations were in agreement. In the one instance, out of the 128 examina-

tions recorded, in which B. coli was found in a tubular well water, chemical

analyses also showed the water to be of a poor quality. In one instance,

as has already been stated, accidental pollution of driven well water, to

such an extent that the health of the people using this water was seriously

affected, as shown by many cases of typhoid fever, was not indicated by

either chemical or bacterial tests, but was indicated by the presence of B.

coli in a water that had never before given positive tests for this germ,

and in which subsequent tests, after the passing away of this pollution,

again gave negative results.

Eighteen samples of water from filter galleries showed no evidence of

pollution by B. coli tests in 1 and 100 cubic centimeters.

The complete analyses of samples from a large number of domestic wells

show that polluted waters that might become unfit for consumption at any

moment are more plainly indicated by single chemical analyses than by

single determinations of B. coli. The presence of B. coli at the time of

examination may indicate actual danger to health and its absence even in

the most polluted of these waters— chemically— may indicate lack of

imminent danger, but the chemical analyses are certainly the more decisive.

The results of the examination of samples from ponds and lakes show
with considerable clearness that in the examination of surface waters from

inhabited localities, the question of obtaining positive tests for B. coli is

only one of taking a sufficient volume of water for the test. They also

show with considerable clearness that the degree of contamination of these

waters varies inversely as the volume required to give a positive test for B.

coli.

The number of B. coli in a river as polluted as the Merrimack varies in

inverse ratio with the dilution of the entering sewage by the river water,

and is affected by the temperature, the numbers of B. coli being larger dur-

ing the warm weather than during cold weather. In effluents from water

filters the efifect upon filter efficiency of dilution of the raw water in winter

is less marked than the effect of high temperature in summer, the work of

a filter in warm weather, when biological processes are active, being far

more satisfactory than during cold weather.

The number of B. coli in a water is reduced quite appreciably by storage

of the water.
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In the examination of shell-fish from suspected sources, the determina-

tion of fecal bacteria, such as the colon bacillus, is of considerable impor-

tance, as showing the purity or pollution of these sources.

As an indication of the presence of B. coli the presumptive test, so called,

has, judging from our own work, little value unless supported by subsequent

confirmatory tests. In a few instances, where one is dealing with a given

kind of water continuously, the observer may become so expert as to be

able to judge the presence of B, coli by the presumptive test, followed by

the litmus lactose agar plate and the appearance on the agar streak, but

if the classes of water are varied, even the most expert observer will fall

into serious errors if he depends on those tests alone. The presumptive

test includes at least 58 well-described species of bacteria, of which 12

would be included in the colon type, as determined at Lawrence, 7 species

are of the aerogenes type, 3 species are of the chologenes type and 13

species are not sufficiently well described to identify them with or exclude

them from the three preceding groups. Besides these, there are 23 species

which would show positive results by the presumptive test alone, which

would never be included in the fecal group.

Results of examinations for B. coli in different volumes of water show

that tests in both 1 and 100 cubic centimeters are of value, the tests in the

larger volumes being confirmatory of the tests in the smaller volume. In

cases where a considerable number of samples are taken from the same

source, the tests in the larger volume frequently give more information as

to the quality of the water than do the tests in 1 cubic centimeter.

Outbreaks of typhoid fever coincident with the finding of B. coli in nor-

mally pure waters, i. e., in water known to be safe under ordinary condi-

tions but becoming polluted by the entrance of polluted water, have occurred

in at least three instances within the observation of the writers, where the

danger was not indicated by chemical tests or by a significant increase in

the numbers of bacteria beyond the usual limits of variation for waters of

their class.

Comparative tests for the relative viability of B. typhosus and B. coli

show us that there is a very great similarity between the length of life of

the two germs under a great variety of conditions. Both germs appear to

follow the general laws of the removal of bacteria by sand filters, a some-

what greater viability being noted in the case of B. coli than of B. typhosus.

Most organisms of both types are destroyed quite rapidly by the effect of

cold either in fluid culture or when frozen in ice. When caught in ice,

both germs will live, in slowly reducing numbers, for a considerable length

of time, and under these conditio~ns the morphological and cultural charac-

teristics of the species may lose their identity and appear to merge into

a common type which there are reasons to believe would be non-

pathogenic. When subjected to heat, both species appear to follow about

the same rule, the majority of the typhoid germs being destroyed by five
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minutes' exposure to a temperature of 45° C. and nearly all of the B. coli

being destroyed by five minutes at 50° C, a few individuals of each sur-

viving exposure to temperatures up to and including 80° C. The thermal

death point appears to lie between 80° and 85° C, a point somewhat higher

than has usually been set for these species. Both species are rapidly de-

stroyed by sunlight, an exposure of thirty minutes to one hour usually

being sufficient to sterilize the culture when spread out in a thin layer.

Both show the same phenomena noted in other experiments, that while the

larger numbers of germs are destroyed in a very short time, a few indi-

viduals nearly always appear to be more resistant to unfavorable conditions.
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AND THE

EFFECT OF SEWAGE DISPOSAL IN MASSACHUSETTS.

Office of State Board of Health, State House,

Boston, Aug. 20, 1903.

To Hiram F. Mills, A.M., C.E., Chairman of Committee on Water Supply and

Sewerage of the State Board of Health.

Sir: — Herewith is submitted a report upon the results of examinations

of the main outlets of sewers and drainage of the cities and towns of the

Commonwealth and the effect of sewage dis[)Osal made during the year

1902 under the provisions of chapter 104 of the Acts of the year 1901.

REPORT.

The first sewers in the State were built in the city of Boston, probably

more than two hundred years ago. The early sewers were evidently for

the most part drains for removing ground water or storm water and sink

drainage, and were built or owned by private individuals or associations of

citizens living on a single street or in a small district. It appears from

records and reports as to the sewerage of Boston that about the year 1823

the city took control of the sewers, but that for several years after that

time faecal matter was rigidly excluded from them. In 1857 only about

6,500 water-closets were connected with the sewers, and in 1885 the num-

ber connected was about 100,000. At the present time it is about 160,000.

The history of the growth of sewerage in many of tiie other large cities

and towns in the State has been similar to that of the Boston S3'stem. The
sewers were at first intended to serve chiefly as drains, for the drainage of

streets, cellars and wet places, or for the removal of standing water, and

were subsequently used as places of disposal for sink wastes.

The common, and practically the only, method of disposing of drainage

and of such sewage as might be mingled therewith before public water sup-

plies came into general use was to discharge it into the nearest body of

water, and this method of disposal probably did not create seriously objec-
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tionable conditions when the quantity of sewage mingled with the drainage

was small, and consisted chiefly of sink wastes ; but, after the introduction

of public water supplies, water-closets and other water fixtures rapidly came

into general use, the amount of house sewage and polluted water requiring

disposal greatly increased, and nuisances were created at the outlets of the

drains. Moreover, with the use of the drains as sewers more careful

methods of construction and maintenance became necessary, in order to

prevent foul odors and other objectionable conditions arising from the

drains themselves.

The plan of keeping sewage separate from storm and drainage water,

now known as the "separate" system of sewerage, in contrast with the

earlier plan of receiving all sewage and drainage into the same pipes, known

as the "combined" system of sewerage, has now been in use for about

twenty years. At the present time combined systems of sewerage exist

mainly in the larger cities and towns, in which sewers were gradually de-

veloped from drains in the manner indicated, or in which sewerage systems

were begun twenty or more years ago ; while in towns in which sewerage

systems have been constructed within the last fifteen or twenty years the

separate system has been employed in nearly all cases. Cities and towns

having combined systems of sewers generally, however, until recently, have

continued to employ this system in making extensions ; but the further

extension of the combined system of sewers has been practically discon-

tinued in many of the places in which it has hitherto been exclusively used,

and the separate system is now used in the sewerage of new areas. In

some places having combined systems the work of separating the sewage

from the storm water— that is, of providing a separate system of sewers

to replace a combined system— has been begun.

In this report, when reference is made to combined systems of sewers it

is to be understood to mean a system which receives both sewage and the

surface water from streets and other areas, together with cellar or other

drainage from the ground. Where the separate system of sewers is referred

to it is to be understood that the sewers of such systems receive sewage and

manufacturing wastes, but do not receive storm water or ground drainage,

except such ground water as leaks into the sewers from defective joints and

connections, — which, it may be said in passing, may amount to nearly as

much, and in extreme cases to more, than the actual quantity of sewage.

Drainage isjto be understood to mean the water flowing in drains provided

for the reception of water from streets, roofs, etc., and from cellars or wet

grounds, and other clean water, such as waste water used for cooling, etc.,

in some mechanical or manufacturing processes, which is not polluted.

In presenting the results of the examinations it has been found neces-

sary to divide the outlets into two general classes: (1) those which dis-

charge into the sea or into harbors or tidal estuaries along the sea coast

;
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and (2) outlets into rivers and other inland waters ; since those in the for-

mer class are largely independent of each other, while in the case of river

outlets it has been essential to consider also the condition of the rivers,

some of which receive sewage from many outlets in different cities and

towns.

PART I. — SEWER OUTLETS INTO THE SEA OR INTO HAR-
BORS OR BAYS ALONG THE SEA COAST.

The total population in the cities and towns discharging sewage into the

sea amounted by the census of 1900 to 1,392,721, almost one-half the total

population of the State.

The outlets into the sea were examined last year with special reference

to the effect of such outlets upon flats or waters from which shell-fish are

taken for food ; and the results of the investigations relating to the pollu-

tion of shell-fish by sewer outlets were presented in last year's report, and

will not be referred to in the present report. Further investigations along

these lines are now being made, but additional results of importance are

not yet available.

Each outlet into the sea has been examined with reference to the exist-

ence of offensive odors or other objectionable conditions, and in the case

of some of the more important outlets observations of the movement of the

sewage have been made, and samples of the harbor waters have been

analyzed to determine the extent to which such waters are affected by the

sewage. The results of the investigations of outlets into the sea or into

harbors or tidal estuaries along the sea coast will be presented in alpha-

betical order under the names of the cities and towns controlling the

various outlets, except that the outlets of the city of Boston and the

metropolitan districts will be first presented.

The following table contains a list of the cities and towns having outlets

into the sea which have been examined during the year :
—

CiTT, Tows OR District.

Boston ranin drainage and south met-
ropolitan sewerage districts.

North metropolitan sewerage district,

Beverly

Fairhaven

Fall River

Gloucester

Hlngham

Hull,

Population
in 1900.

612,371

422,625

13,884

3,567

104,863

26,121

5,059

1,703

CiTT, Town or District.

Lynn, .

Nah.int,

New Bedford

Newburypor

Plymouth,

Revere, .

Salem, .

Total,

Population
in 1900.

68,513

1,152

62,442

14.478

9,592

10,395

35,956

1,392,721
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BOSTON MAIN DRAINAGE AND SOUTH METROPOLITAN SEWERAGE
DISTRICTS.

These districts include the following cities, towns and districts : —

City, Town or District.

Boston (proper), . . . .

South Boston (district of Boston),

Roxbury (district of Boston),

Dorchester (district of Boston),

West Roxbury (district of Boston),

Watertown,

Waltham

Newton

Brighton (di-trict of Boston),

Brookline

Dedham

Hyde Park,

Milton,

Quincy

Total,

Population
ill 1900.

167,257

67,809

105,393

77,483

37,263

9,706

23,481

33,587

19,279

19,935

7,457

13,244

6,578

23,899

Kind of Sewerage
System

612,371

Combined.

Combined.

Combined and separate.

Combined and separate.

Combined and separate.

Separate.

Separate.

Separate.

Combined and separate.

Combined and separate.

Separate.

Separate.

Separate.

Separate.

Description of Systems.

Boston Main Draiyiage District. - The sewage of the city of Boston
previous to the year 1884 was discharged into the waters about the city at
a great many outlets. The great nuisances resulting at many of these out-
lets led to the adoption in 1876 of a plan for the collection and disposal of
the sewage at an outlet into the sea at Moon Island in the southerly portion
of Boston harbor, a point remote from the thickly populated portions of the
city

;
and the necessary sewers and other works constituting the so-called

main drainage system of the city were completed at the beginning of 1884.
By means of these works the dry-weather flow of sewage of the main
portions of the city and of the districts of Roxbury, Dorchester and West
Roxbury since that time lias been conveyed to the Moon Island outlet.
The Brighton, Charlestown and East Boston sections of the city were not
included in this system.

>

Prax2tically all of the sewers of the Boston main drainage district are
constructed on tiie combined plan, and, since it would have been impracti-
cable to construct works of sufficient size to take all of the flow of the
various sewers at times when the flow is increased by heavy rains, the sys-
tem was designed to intercept and remove all the sewage flowing in the
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sewers in dry weather and the sewage and rain water at times of light

rain, allowing the excess of flow at times of heavy rain or when snow is

melting rapidly to discharge at tiie original outlets. There is a great

number (about 100) of these storm overflow outlets from which dilute

sewage is discharged at intervals into the waters about the city.

South Metropolitan District. — In 1892 the Charles River valley metro-

politan sewer was completed and connected with the Boston main drainage

system; and since that time the sewage of Waltham, Watertown, Newton,

Brookline and the Brighton district of Boston has been discharged at the

outlet at Moon Island in Boston harbor, through this sewer and the Boston

main drainage works. The sewers of Watertown, Waltham, Newton and

a part of those of Brighton and Brookline are constructed on the separate

plan ; and there are no local outlets for sewers in the first three of these

places, but in the last two there are storm overflow outlets from combined

.systems which discharge dilute sewage at intervals into the Charles River

and some of its tributaries.

In 1895 the Neponset valley metropolitan sewer was completed and

connected with the Boston main drainage system, and sewage from the

towns of Dedham, Hyde Park and MilLou, together with sewage from por-

tions of the town of Brookline and of the West Roxbury and Dorchester

districts of Boston, is conveyed to the outlet at Moon Island through the

Neponset valley sewer and the Boston main drainage system. The sewers

in the towns and districts connected with the Neponset valley sewer, ex-

cepting a small area in Dorchester, are built upon the separate plan, and

there are no local outlets in the fresh water portion of the Charles or Nepon-
set rivers from the sewers of this district.

In 1899 works were completed by which the sewage of the city of Qiiincy

is pumped into the Boston main drainage sewer at Squantum near Moon
Island, and since that time sewage from the city of Quiucy has found an

outlet through the Moon Island works of the Boston main drainage system.

The sewers of the city of Quincy are built upon the separate plan, and
there are no local sewer outlets, though relief valves have been placed on
main sewers near the pumping station, by means of which sewage could be

discharged into local water courses at a few places in case of accident to

the pumps or other emergency.

In 1899 the south metropolitan sewerage system was created, which in-

cludes the territory formerly tributary to the Charles River valley sewer

and the Neponset valley sewer, with other areas in the southerly parts of

the city of Boston ; and provision was made for the construction of a large

main sewer to receive the sewage of the two metro[)olitan sewers, the sew-

age of the Quincy sewerage system and of areas in the valley of Stony
Brook in the West Roxburj' and Dorchester districts of the city of Boston.

The outlet of this sewer is to be located near Peddock's Island in the south-

easterly partof Boston harbor, and this sewer is now approaching comple-
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tion. Upon the completion of this sewer much of the sewage from cities,

towns and districts which now finds an outlet at Moon Island will be diverted

to the new outlet.

Description of Sewer Outlets.

The Moon Island outlet was very thoroughly examined in 1899 and 1900,

and the conditions about this outlet are described in the report of the State

Board of Health upon the " Discharge of Sewage into Boston Harbor," in

the latter year.

The sewage of the Boston main drainage and south metropolitan sewer-

age districts is all pumped to collecting reservoirs at Moon Island, from

which it is discharged into the sea upon the outgoing tide. This sewage

when discharged covers a large area between Moon Island and Long Island,

and is offensive to those sailing through this part of the harbor in boats.

Its presence on the surface of the water can be detected easterly as far as

Rainsford Island, by the greasy scum, or " sleek," upon the water, but the

sewage does not approach the shore of the main land at any point.

The conditions about the Moon Island outlet are not seriously objection-

able at the present time; and, while deposits of matters from the sewage

have taken place along the shore near the outlet in the past during a time

before the recent enlargement of the reservoirs, when it was necessary to

discharge sewage at unfavorable stages of the tide, the conditions causing

these deposits have now been removed, and further deposits do not appear

to be taking place. The quantity of sewage now conveyed to this outlet

is rapidly nearing the capacity of the works and the capacity of the tidal

currents into which it is discharged to quickly remove and dispose of it.

Upon the completion of the high-level sewer now under construction much

of the sewage discharged at this outlet will, as already stated, be discharged

at the proposed new outlet at Peddock's Island.

Other Outlets for Sewage in the Boston Main Drainage and South

Metropolitan Sewerage Districts.

The storm overflow outlets from which the excess of mingled sewage and

storm water, above the capacity of the metropolitan and main drainage

sewers, is discharged into waters about the city at times of rain, do not

appear to cause serious objection at the present time, except in cases where

such outlets discharge into small water courses. A large number of such

outlets discharge into Stony Brook, and the storm overflows into this stream

contribute to the nuisance in the Back Bay Fens, through which Stony

Brook flows.

The most .serious nuisance existing at the present time in the Boston main

drainage or south metropolitan sewerage districts by reason of the disposal

of sewage is in the basin of the Back Bay F'ens in the city of Boston. In-

vestigation shows that, while the water of. this stream is clean and unobjec-
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tionable to sight or smell at its entrance to a covered channel at Jamaica

Plain, it is filthy in appearance and has an offensive odor at the point from

which it emerges from the covered channel at Huntington Avenue, through

which it flows in its course below Jamaica Plain. It is evident that much

sewage is discharged into this covered channel at all times, greatly pollut-

ing the brook, and it is to this sewage that the nuisance in the Back Bay

Fens is chiefly due. This nuisance could be prevented by removing all con-

nections through which sewage or objectionable manufacturing waste is dis-

charged into the Stony Brook channel, and discharging this sewage or waste

into local sewers. If this channel is to continue to be used as a sewer, it

should be treated as such, and the dry-weather flow discharged into the

metropolitan or main drainage sewers.

There is also an old Stony Brook channel passing through Roxbury

which discharges on the northerly side of Beacon Street at the edge of the

Charles River. This stream receives, evidently, much sewage and con-

siderable foul drainage, and constitutes, in effect, a separate sewer outlet.

The outlet is so located that it is partially exposed at times of low water,

when an objectionable odor issues from it. Plans have been prepared by

the street department of Boston for rebuilding this channel, eliminating

the sewage and using it for drainage only. Unless this change is made,

this outlet should be treated as are other outlets for sewage, and made a

part of the general sewerage system.

There are several cases in which overflows from sewers discharge upon

flats exposed at low water, which may create objectionable conditions at

times, but the investigations have not shown the existence of serious nui-

sances at such outlets at present.

THE NORTH METROPOLITAX SEWERAGE DISTRICT.

The cities, towns and districts included in the north metropolitan sewer-

age district are the following :
—

CiTT, Towx OR District. Population
in 1900.

Kind of Sewerage
Sj-stem.

East Boston (district of Boston),
Charlestown (district of Boston),
Somerville
Chelsea,
Everett
Cambridge, ....
Maiden
Medford,
Winthrop,
Melrose,
Arlington
Belmont
Lexington, ....
Winchester, ....
Wobnrn
Stoneham
Wakefield

Total,

45.7.56

40,652
61,643
34,072
24.336
91,886
33,664
18,244
6,058

12,962
8,603
3,929
3,831
7,248

14,254
6,197

9,290

422,625

Combined.
Combined.
Combiiied and separate.
Combined and separate.
Combined and separate.
Combined and separate.
Separate.
Separate.
Separate.
Separate.
Separate

j

Separate.
Separate.
Separate.
Separate.
Separate.
Separate.
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The north metropolitan sewerage district was established in 1889, and

the works were completed and first operated in 1895. Sewerage systems

existed in Cambridge, Somerville, Chelsea, Charlestown and East Boston,

and in some other parts of the district, for many years before the metropol-

itan system was built ; and the sewage from the places mentioned was dis-

charged at numerous outlets into the Charles and Mystic rivers and the

harbor or their tributaries.

In the case of this system, as in that of the Boston main drainage sys-

tem, it was impracticable to build sewers of sufficient size to remove all

the sewage and storm water from the areas served by combined systems,

and provision was made for taking all of the flow of sewage in dry weather

and a portion of the excess of flow caused by rain in wet weather, allowing

the further excess beyond the capacity of the works to discharge at the old

sewer outlets, or at outlets provided for the purpose. In towns in the

upper part of the district served by separate systems of sewers such outlets

are unnecessary, and local outlets do not exist.

In East Boston and Chelsea there are several outlets at which sewage is

discharged continuously.

Description of Main Outlet of the North Metropolitan Sewerage
System.

The main sewer outlet of the north metropolitan sewerage system is

located near Deer Island Light, on the outer end of the Deer Island bar,

and on the northerly side of the main ship channel of Boston harbor, where

the sewage discharges at about the level of low tide. The sewage of this

district is not collected in reservoirs, but is discharged continuously at all

stages of the tide.

During the outgoing tide the sewage flows to sea in a comparatively nar-

row stream, less than half a mile in width at the widest place, and disap-

pears in comparatively calm weather in a distance of a little over one and a

quarter miles. On the incoming tide the sewage flows in a similar stream

in a westerly, and, toward the latter end of the incoming tide, in a north-

westerly, direction, and near the time of high tide covers a somewhat larger

area than on the outgoing tide. At times of strong wind sewage from this

outlet disappears at very much less distances from the outlet than those

described above.

This outlet was very thoroughly examined in the years 1899 and 1900,

and the results of the examinations are presented in the report upon the

" Discharge of Sewage into Boston Harbor," already referred to.

It does not appear that any material change has taken place since that

time in the conditions about this outlet, judging from the more recent ex-

aminations.

The sewage discharged at Deer Island spreads over a smaller area than
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at Moon Island, and none of it approaches any inhabited shore. An odor

of sewage from this outlet is noticeable to persons in boats or vessels sail-

ing in the immediate neighborhood of the outlet.

Other Octlets in the North Metropolitan Sewerage District.

East Boston. — Population in 1900,45,756. The first sewers in East

Boston were built manj' years ago, and the combined plan has been used

in the construction of all the sewers. Nearly all of the sewers are now
connected with the metropolitan sewerage system, but there are still about

seven independent outlets, chiefly for small areas, which are not connected

with the metropolitan system. It appears that one of these sewers was

formerly connected with the metropolitan system, but was shut off on ac-

count of danger from gas or other inflammable matter, which finds its way
into the local sewer.

Two of the outlets discharge into the Chelsea River, one at the foot of

Glendon Street and the other at the foot of Putnam Street. Both of the

areas from which sewage is discharged at these outlets are small. At
Glendon Street the sewage is discharged at the edge of the street, and at

low tide flows across flats for a distance of more than 100 feet to the water.

The conditions about this outlet are offensive. The Putnam Street outlet

is carried to the end of a long wharf, where it is discharged at the edge of

the water at low tide. This outlet is at a greater distance from dwelling

houses than the Glendon Street outlet, and the odors from it are probably

not noticeable at any dwelling house in the neighborhood. The conditions

are objectionable about the outlet, however, on account of the deposit of

sewage upon the flats in its neighborhood.

The principal outlet discharging into Boston harbor at East Boston is at

the easterly end of Moore Street, where a sewer discharges under the nor-

therly end of the Boston, Revere Beach & Lynn Railroad bridge. This

outlet discharges upon a wide area of flats exposed at low tide, and the

sewage flows several hundred feet before reaching the water. A deposit

of sewage along the surface of the flats about the outlet renders them filthy

and offensive.

There is a small outlet at the extreme northerly end of Coleridge Street

which evidently discharges a very small quantity of sewage, and the wide

areas of flats about this outlet do not appear to be very seriously polluted

from this cause.

There are three other small outlets at the extreme northerly end of East

Boston, in the neighborhood of the Boston, Revere Beach & Lynn Railroad

bridge. These outlets discharge into tidal waters flowing from the Chelsea

River to the harbor, and objectionable conditions were not found in this

neighborhood.

The objectionable sewer outlets in East Boston could be abolished by
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connecting the sewers with the metropolitan main sewers, which were de-

signed to receive the sewage from all of the sewers in the district. Sewers

of considerable length will be required to connect some of these outlets

with the metropolitan system.

Chelsea. — Population in 1900, 34,072. The construction of sewers in

Chelsea was begun many years ago, and the greater part of the city is pro-

Tided with sewers built upon the combined plan ; but the separate system

has been adopted for the sewerage of portions of the city, and this was one

of the first places in the State to employ the separate system.

The city is included in the north metropolitan sewerage system, and this

system, with its branches, is available for the removal of all of the sewage

excepting the excess of flow from the combined sewers at times of heavy

rain ; but, notwithstanding that the metropolitan sewers have now been

available for many years, the sewage of nearly a third of the area of the

city, probably containing nearly half of its population, is discharged directly

into the adjacent waters at several outlets, at some of which there are very

offensive nuisances at the present time.

A sewer in Spruce Street, which receives the sewage of a very large and

densely populated section of the city, now discharges into the Island End
River at the northerly boundary of the United States hospital grounds, op-

posite the works of the New England Gas and Coke Company. There are

large areas of flats adjacent to this sewer outlet, and the conditions about it

are extremely foul. There are no dwelling houses in its immediate neighbor-

hood, but the locality is not far from a dense population, and large numbers

of people use the unoccupied land about this outlet as a pleasure resort in

summer. As already stated, this sewer was at one time connected with the

metropolitan sewerage system, but it appears that the connection was shut

ofif by the Chelsea authorities in the spring of 1898.

Another of the principal sewers of Chelsea discharges into the Chelsea

River at the foot of Pearl Street, under the northerly end of the bridge

leading to Meridian Street in East Boston. This outlet is located in a

densely populated district, and at times of low water the odor about the

outlet is very offensive. A considerable deposit of sewage has taken place

in the neighborhood of this outlet ; but very little of this deposit or of the

bottom of the river in this neighborhood is exposed at low water, so that

the nuisance created is slight, as compared with the nuisance at the Spruce

Street outlet described above. This nuisance could also be removed without

difficulty by discharging the sewage into the metropolitan sewerage system,

which was designed to receive it, and with which a connection has already

been made ; but this connection was sealed by the Metropolitan Sewerage

Commission in 1898, on account of the neglect of the Chelsea authorities to

maintain this sewer in proper condition, and the connection does not appear

to have been used since that time.

Opposite the end of Highland Street there is an outlet for a sewer drain-

ing a considerable district which discharges into a dock, the greater portion
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of the bottom of which is exposed long before the water reaches low tide.

The dock is used as a place of storage for old vessels and piles. The sew-

age discharges at the sea wall at the edge of Marginal Street in a thickly

populated district, and when the tide is low finds its way through various

channels in the mud to tide water. Much matter from the sewage has de-

posited upon the bottom of the dock, and the conditions about this outlet

are extremely offensive at times of low tide. This sewer could evidently

be connected with the metropolitan sewer in Marginal Street without

serious difficulty or expense, and the discharge of sewage into the dock

avoided.

The sewage of a considerable district in the south-easterly part of Chel-

sea discharges into a small tidal creek near the northerly side of the Boston

& Albany Railroad at Chester Avenue, and finds its way through the creek

to the Chelsea River, a distance of several hundred feet. The bottom of

the creek is uncovered at times of low tide, so that this outlet is an open

sewer for a distance of a quarter of a mile or more. This outlet is an

offensive one, but there is no considerable population in the immediate

neighborhood. It could be discontinued without special trouble by making

a connection with the metropolitan sewer in Eastern Avenue, which crosses

the creek through which the sewage now flows.

Sewage from two small areas, which are provided with sewerage upon

the separate plan, now discharges into Mill Creek at the northerly side of

Chelsea. One of these outlets is a small one for a few houses along a

single street, and the metropolitan sewer now being constructed to receive

the sewage of Revere will soon be available for the removal of sewage

from this outlet. The remaining outlet into Mill Creek is located at a long

distance from dwellings. It could be abolished without difficulty by a con-

nection with the metropolitan sewer, which this sewer crosses just above

its outlet.

BEVERLY.

Population in 1900, 13,884. The construction of a combined system of

sewers in Beverly was begun in 1894, but the sewerage system is probably

used at the present time by only about 1,000 people. The main outlet dis-

charges into Beverly harbor east of Stone Street about 700 feet from the

shore, and at the times it has been examined the presence of the sewage

was not noticeable. Much of the sewage of the easterly portion of the

city, including that from several factories, employing in the aggregate

about 1,000 operatives, in the neighborhood of the railroad station is dis-

charged into a system of storm-water drains which has an outlet into a

small tributary of the Bass River on the easterly side of the eastern division

of the Boston & Maine Railroad, just south of the junction with the

Gloucester branch. The conditions about this outlet were objectionable

at the time it was examined, and an odor from the sewage was noticeable

in the vicinity. A proper outlet for this sewage should be provided.
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FAIRHAVEN.

Population in 1900, 3,567. The town of Fairhaven is located on the

easterly shore of New Bedford harbor, and sewers were first constructed in

1891, and have been extended through the greater portion of the main vil-

lage. It is estimated that about 1,500 persons are connected with the

sewers. Sewage from the main portion of tlie system, which was con-

structed in 1895, is collected in a system of separate sewers, and pumped
by paeans of compressed air to an outlet at the end of Union Wharf in New
Bedford harbor. This outlet is apparently completely submerged at all

times, and objectionable odors from it are probably not noticeable except-

ing to those who use the wharf. There is only one storm-water drain in

this area, storm water being allowed to flow through the gutters to the

nearest water courses.

In 1900 the south side sewer, so called, was constructed, and discharges

at the wharf of the Atlas Tack Company into deep water. The system

draining to this outlet is constructed ou the combined plan, and drains a

territory of about 80 acres, in which there is a population of about 500.

A little over one-fifth of the dwelling houses are connected with the sewers.

The outlet is not objectionable. At about the time this system was com-

pleted a drain was constructed in the new boulevard, which discharges at

an outlet under the Fairhaven and New Bedford bridge. This drain was

built primarily for surface water, and the outlet is not an objectionable one

for this purpose.

FALL RIVER.

Population in 1900, 104,863. The city of Fall River is situated on the

easterly shore of Mount Hope Bay, at the mouth of the Taunton River, be-

tween the bay and the Watuppa lakes. The Quequechan River, the outlet

of these lakes, flows down to the bay through the central portion of the

city. The natural drainage of most of the city is toward Mount Hope Bay,

but the central portions drain toward the Quequechan River, and part of

the densely populated portions is on the slope toward the North and South

Watuppa lakes. The main sewer outlets discharge into tlie Taunton River

and Mount Hope Bay.

Sewers were first built in Fall River about fifty years ago, but only about

three miles had been constructed previous to 1873, most of which were in-

tended for the removal of storm water. A general system was designed in

1873, and has been constructed and gradually extended since that time.

At the present time nearly all of tiie thickly settled portions of the city are

provided with sewers constructed on the combined plan, and it is estimated

that the sewers are used by about 75,000 persons.

In the portion of the city draining toward the Quequechan River there are

several separate storm-water drains discharging into the river ; and some of

the sewers in this portion of the city are intended for sewage only, and only

a few catch-basins are connected with them, chiefly for flushing purposes.
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There are four storm-water overflows through which sewage aud storm

water are discharged at times of rain, one discharging into the Quequechan

River at Quequechan Street, another into the Quequechan River at Plymouth

Avenue, a third into the Quequechan River under Rock Street bridge, and

a fourth discharging into " The Creek," so called, — a part of the Queque-

chan River, near its mouth. A small quantity of sewage is also discharged

continuously at the latter place.

About one-third of the fifty mills in Fall River are connected with the

city sewers, while the remainder discharge their sewage through private

drains into South "Watuppa Lake, the Quequechan River and the harbor.

There is also a large quantity of sewage discharged through other private

drains into the waters about the city.

The sewage from the city sewers is discharged into the Taunton River

and Mount Hope Bay, at the mouth of the Taunton River, through ten out-

lets between the northerly and southerly ends of the city, the distance be-

tween the extreme outlets being about three and one-half miles.

"With three exceptions there are objectionable conditions at all of the Fall

River sewer outlets at the present time, and several of them in the southerly

portion of the city discharge at a considerable distance back from high

water, and the sewage flows in an open stream a distance, in some cases,

of several hundred feet to Mount Hope Bay. Provision appears to have

been made for the extension of two of the most objectionable of these out-

lets — the Globe, or Riverview, Street outlet and the Birch Street outlet—
to the bay.*

There is a good current with each tide through the Taunton River and

Mount Hope Bay opposite the city, and the width of the river at the nar-

rowest point opposite the city is about a quarter of a mile, while the width of

the bay at the southerly end of the city is about one mile. The sewer out-

lets, however, are so close to shore that the sewage from all of them moves

along the shore in the direction of the tidal flow, allowing matters from the

sewage to deposit as the tide recedes. These objectionable conditions

could probably be obviated by extending the sewers to points of discharge

beneath the water at a sufficient distance from the shore so that the sewage

would become thoroughly diluted before reaching the shore. The excess

of flow of mingled sewage and storm water during rains might be allowed

to discharge at the edge of the water without causing serious objection.

It is also desirable that all private drains now discharging through private

outlets should discharge into the city sewers.

Description of Sewer Outlets.

Cove Street Outlet. — Located at the southerly entrance to Brightman's

Cove, approximately at low tide, and sewage from the outlet is carried by

the tide into the cove, in which there is an area of about four acres of flats

* The extension of the Riverview Street outlet was completed toward the end of this year.
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exposed at low water. This outlet originally discharged into the cove, but

was subsequently extended a distance of 200 feet, so as to discharge at the

outlet to the cove. A bar has been formed near the mouth of the sewer by

material brought down at times of storms, and this bar is exposed at low

water. There are no dwelling houses in the immediate neighborhood, but

there are noticeable odors from the flats when they are not covered with

water.

Brightman Street Outlet.— Located at the edge of low-water mark, on a

rocky and gravelly shore, and matters from the sewage collect among the

rocks along the shore for a considerable distance on both sides of the out-

let, making the shore offensive at times of low water. The shore near this

outlet is thickly populated. This outlet formerly discharged farther back

from low water, but was extended to its present location in 1900.

President Avenue Outlet. — Located beneath a wharf. The conditions

about it were not offensive at the time it was examined. It appears that

deposits of gravel and sand brought down by the sewer take place here,

and have to be removed from time to time by dredging.

City Wharf Outlet. — Located beneath the city wharf. The conditions

about it do not appear to be objectionable at the present time.

Ferry Street Outlet. — This outlet, the largest in the city, is located under

the wharf at Ferry Street, having been extended in 1898 from a point nearer

shore. The incoming tide carries the sewage into the old ferry slip near by,

and greatly discolors the water for a long distance. South of the outlet

there is a beach along which there are numerous boat houses, and on the

outgoing tide the sewage is carried along the shore in front of this beach,

creating objectionable conditions.

William Street Outlet. — This outlet discharges under the Newport branch

of the New York, New Haven & Hartford Railroad, and the sewage finds

its way through an open channel to the river, which it joins near the

southerly end of the beach referred to above. On the incoming tide this

sewage flows along the edge of the beach. The outlet itself is a very objec-

tionable one, and causes a serious nuisance in the neighborhood.

Middle Street Outlet. — This outlet is also located at the edge of the rail-

road, and the sewage flows in an open stream to the beach. The sewage is

highly colored by dyes, and the odor is very offensive. Just below the out-

let is a pool of sewage and sludge.

Riveroiew Street Outlet. — This outlet is located at the foot of a steep bluff

above high-water mark, and the sewage flows across the beach in the neigh-

borhood of several boat houses to Mount Hope Bay. The outlet is a very

foul one, like those of William Street and Middle Street. In the latter

part of the year this outlet was extended, so that the sewage now discharges

into the bay through an iron pipe below low water.

Birch Street Outlet. — This outlet is located in Happy Hollow, so called,

700 to 800 feet from the sea, into which the sewage finds its way through
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an open channel. The outlet is an extremely offensive one, but it is located

close to a rendering works, which is also offensive. A separate sewer

conveys the wastes from the rendering works to the sea beyond low tide.

Mount Hope Avenue Outlet. — This outlet is under construction, but is

not yet cojnplete.

GLOUCESTER.

Population in 1900, 26,121. There is no general system of sewerage in

the city of Gloucester, but a system of drainage, built primarily for the

removal of storm water, is used for the removal of sewage from a large

number of buildings in the central portion of the city. It is estimated that

there are about 1,000 buildings from which sewage is now discharged into

these various drains.

The principal outlet is a 40-inch brick drain, which discharges through

the sea wall at Pavilion Beach, about 900 feet east of the mouth of the

canal leading to Squam River, and between high and low water mark. The
drainage flows across the beach, and has a disagreeable odor. A 24-inch

pipe drain and several smaller drains empty through the sea wall between

high and low water into Vincent's Cove. The bottom of this cove is a

mud flat exposed at low water, and the sewage finds its way across these

flats to the water. The flats were very offensive when visited. These out-

lets are objectionable, and a proper system of sewerage and sewage dis-

posal is badly needed for the densely populated portions of Gloucester.

HINGHAM.

Population in 1900, 5,059. There is no general system of sewerage in

the main portion of the town of Hingham, but there is a system for the

disposal of the sewage of a summer settlement at Crow Point.

The system at Crow Point is constructed on the separate plan, and dis-

charges into a small channel several hundred feet from shore. Extensive

areas of flats are exposed at low tide in the vicinity of the outlet, but it is

not objectionable at the present time.

HULL.

Population in 1900, 1,703. This population represents the population

living in the town throughout the year. During two months in summer the

population is very greatly increased, and a large number of cottages and
hotels are occupied during July and August which are unoccupied during

the remaining months of the year. On Sundays and holidays in the sum-
mer season there are often many thousands of people at Nantasket Beach
and other places along the shore, in the town.

The sewage is discharged into the sea at five separate outlets, the first of

which was constructed in 1885. The oldest system receives the sewage
from about 150 cottages, from Hotel Pemberton and the Oregon House, the

population of which in summer probably amounts to about 1,200. The
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system also receives storm water. The outlet is located below low water

at Hull Gut, and examinations fail to show any evidence of the presence

of sewage in the neighborhood.

The next system is a small one, for sewage only, discharging at Stony

Beach, and there are at present about 12 houses and the various Jiuildings

at Fort Revere connected with the sewer. The outlet is beyond the limit

of low water, and no evidence of the sewage was noticeable in the neigh-

borhood at the time the outlet was examined.

The third outlet is located at Point AUerton, where there is a system of

sewers constructed on the separate plan, which receives the sewage of about

300 people. The outlet is at low tide, at the outer edge of a rocky beach

at a considerable distance from cottages ; and, while slight evidences of

sewage have been noted here, the conditions have not been found objec-

tionable.

The next principal outlet is near the southerly end of the town, at Atlan-

tic Hill, and receives the sewage of about 60 houses and the Atlantic

House, containing in summer probably 800 people. The outlet was for-

merly carried to deep water, but the pipe has been broken by the action of

the waves, and the sewage now discharges among the rocks at the edge of

low water, where it discolors the water of a small area about the outlet, but

otherwise is not objectionable.

The fifth outlet is located near Green Hill, and discharges the sewage

from about a dozen houses into deep water, where the presence of the sew-

age is not noticeable.

Several hotels and other buildings on Nantasket Beach discharge their

sewage through private drains upon the flats on the westerly side of the

beach in the neighborhood of the steamboat wharf. There are large areas

of flats exposed at low water in this neighborhood, but these outlets have

not thus far been noticeably offensive when examined.

LYNN.

Population in 1900, 68,513. The sewers of the city of Lynn have been

built from time to time since about the year 1870, and at the present time

there are about 50,000 persons connected with them. In 1885 a system of

intercepting sewers was begun, to collect the sewage at one main outlet.

These intercepters were completed in 1892, and now discharge at a single

outlet in Lynn harbor. A very small area is provided with sewers upon the

separate plan. There are two storm-water overflows from the intercepting

sewers, through which a portion of the flow of the sewers is discharged at

times of rain ; one being located at Ingalls Avenue, and discharging sewage

and storm water into Stacy's Brook, which flows into the sea at the south-

erly end of the town of Swampscott ; and the other at Market Avenue and

Box Place, discharging into the harbor. There are said to be a few drains

for storm water only, the outlets for which have not been located.
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Nearly all of the factories of the city discharge into the sewers, the larg-

est contributors of manufacturing waste being the morocco shops. There

are six large establishments of this kind in the city where the entire process

of tanning is carried on, and waste water from liming, tanning and dyeing,

amounting from 10,000 to 60,000 gallons per day from each factory re-

quires disposal. The wastes from five of these factories are discharged into

the sewers, but the waste from one of the factories is discharged into a

small stream. Nearly all of the principal shoe shops of the city are con-

nected with the sewers.

The main outfall sewer consists of two rectangular box sewers, each 8

feet high and 4 feet wide. The outlet is located 1,600 feet from shore,

at the end of a long, wooden pier, and is about at the edge of ordinary

low tide. At time of low neap tides the flats are exposed beyond the out-

let. The box sewer is not tight, and at times nearly the entire flow of

sewage is discharged at various points along the sewer. A channel 30 to

50 feet in width has been excavated on each side of the box sewer, and

this channel at low water is generally filled with sewage which leaks from

the sewer, or backs up from the outlet.

Observations of the movement of sewage from this outlet at several

times, with the assistance of floats and analyses of the waters about the

outlet, show that on the outgoing tide, with light winds, sewage flows

southerly and easterly to the main channel of the harbor ; but the move-
ment of the sewage is greatly influenced by the wind, and with strong

winds, even on the outgoing tide, the sewage is driven toward the shore,

and remains in the neighborhood of the outlet. On the incoming tide the

sewage is carried toward the shore, and with easterly or southerly winds is

carried up to the immediate neighborhood of factories and dwelling houses.

The flats all about this outlet in the upper end of the harbor are very foul

from sewage deposits, and give off a very offensive odor at times of low
water. It is planned to extend the outlet to a greater distance from shore

at some future time. The conditions about this outlet are very objectionable.

NAHANT.

Population in 1900, 1,152. The construction of a system of sewerage
in Nahant was begun in 1882, and at the present time the system is avail-

able to practically the whole population of the town. The population in

the summer is very much larger than shown by the census returns, since

this town is largely a summer resort. The system is built on the separate

plan, although about nine catch-basins are said to be connected with it

in various parts of the town. There are a few private sewers, chiefly

from small hotels in the neighborhood of Bass Point.

There are eight sewer outlets discharging into the sea, well below low
water, at various points about the peninsula, and no nuisance or offensive

odor has been found about any of these outlets in the examinations thus far
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made. Some of the outlets are located close to bathing beaches, but the

sewage did not, apparently, at this time noticeably affect the water at these

places.

NEW BEDFORD.

Population in 1900, 62,442. The city is built upon a hill sloping toward

the Acushnet River and New Bedford harbor on the east, and to the valley

of a small stream which discharges into Clark's Cove on the west. The

sewage of about two-thirds of the population of the city discharges into

New Bedford harbor through twenty-six sewer outlets, and the sewage

from the remaining third of the city is discharged into Clark's Cove through

six outlets.

The first sewers in New Bedford were built about 1850. All of the sew-

ers are built upon the combined plan, and in some cases the sewers have

replaced water courses which now find their outlets through the sewers.

There are one or two sewers for storm water only, built to relieve other

sewers which become surcharged at times of heavy rain ; and there are

three storm overflow outlets, at which sewage mingled with storm water is

discharged at times of rain.

The distance from the most northerly to the most southerly of the sewer

outlets in the harbor is about three miles.

New Bedford harbor is an arm of the sea, with no considerable river

discharging into it, and with a range of tide of about three and one-half

feet. Observations have been made in connection with the examination of

the sewer outlets, to learn the movements of the currents in the harbor

and the probable course of the sewage from some of the more important

outlets. The results of these observations show that the currents are weak,

and the movement of the sewage is influenced to a great extent by the

direction of the wind. With strong westerly winds, greasy matter from

the sewage floating on the surface of the water can be readily traced to the

Fairhaven shore on the easterly side of the harbor, and particles of paper

and other matters from the sewage are carried across the harbor at such

times, the course of the sewage being influenced but little by the direction

of the tidal flow.

Of the twenty-six outlets discharging into the harbor, about one-third

are located in the central part of the city, and discharge at the heads of

docks between long wharves. Observations show that there is very little

movement of the water in these docks, and the sewage accumulates and

deposits occur, and the conditions about all of these outlets are extremely

foul.

Above the central portion of the city there are ten outlets, one of which,

located at Sawyer Street, has recently been extended beyond low-water

mark. This outlet receives sewage from a large population ; and, notwith-

standing the fact that it is carried beyond low water, there are deposits

about the outlet, and an offensive odor is noticeable in the neighborhood.
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All of the other outlets in this section of the city are objectionable, and

some of them are extremely offensive. There are deposits of sewage about

all of these outlets, and sewage matters from them are in some cases spread

along the shore for a considerable distance from the outlet.

South of the central portion of the city, where the sewers discharge into

docks, there are six or seven outlets, the principal one being at Rowland

Street, which discharges beyond the edge of low water. There is a con-

siderable deposit of sewage about this outlet, and the odor about it is

ofifensive. There were deposits about all of the other outlets, and in most

cases particles of sewage were spread over the beach between high and low

water, and the odor about them is in all cases offensive.

Clark's Cove is a very shallow arm of the sea, with very little tidal

current at its northerly end, into which the sewage is discharged ; and, as

the prevailing wind of this region in summer is from the south-west, the

sewage remains close to the shore of the cove near the point of discharge

during the summer season. The water here is shallow for a considerable

distance from the shore, and the sewage mingles with it very slowly.

Complaint has been made to the local board of health of the offensive odors

resulting from the discharge of sewage into this cove.

The principal sewer outlets discharging into Clark's Cove are located

near the line of high water, and the sewage flows across the beach a dis-

tance of 200 to 300 feet to the water at low tide. When examined, the

beach at the head of Clark's Cove has been found to be covered over a

greater part of its area between high and low tide with particles of solid

matter from the sewage.

In addition to the sewers of the city there are several private sewers

discharging at various places from some of the large mills, and it is esti-

mated that the sewage of 3,200 operatives in mills and factories is dis-

charged through private drains.

The location of all of the New Bedford outlets is objectionable, and

practically all of them are very serious nuisances ; and it does not appear

necessary, under the circumstances, to describe the outlets in detail. In-

vestigations are now being made by the city authorities, with reference to

the selection of a suitable outlet or outlets for the sewage of the city.

NEWBURY PORT.

Population in 1900, 14,478. The city of Newburyport is located on the

southerl}' bank of the Merrimack River, near its mouth. The range of tide

is about 8 feet, and salt water runs up the river above the city. The effect

of the tide is felt many miles farther up stream.

The sewerage system was begun in 1889, and at the present time is gen-

erally extended throughout the city, serving a population of about 10,000.

The sewers are built for sewage only, and there is a separate system of

drains for storm water. Storm water is disposed of through numerous out-



304 STATE BOARD OF HEALTH. [Pub. Doc.

lets, perhaps thirty in all, which discharge into the river at various points.

No sewage is admitted to these drains, and the outlets examined were not

objectionable.

The sewage is brought to a single outlet at Lower Long Wharf, so

called, at the lower end of the city, the outlet being located at low water,

about 200 feet from the shore at high water, and in a channel inside of

Half-tide Rocks, about half a mile below the bridge from Newburyport to

Salisbury. About this outlet and for a long distance below there are ex-

tensive flats exposed at low water ; but very little evidence of the sewage

from this outlet is noticeable in this neighborhood, and the outlet is not

offensive to those living near the shore. A small amount of factory waste

is discharged directly into the river, but the effect of this sewage is not

noticeable.

PLYMOUTH.
Population in 1900, 9,592. The town is situated on the shore of Plym-

outh Bay, and the sewage is discharged into Plymouth harbor through sev-

eral outlets. The construction of a sewerage system was begun in 1893.

The sewers of the main system for the central portion of the town are con-

structed with a view to excluding storm water ; but there are at present

five catch-basins through which rain water is discharged into the sewers,

and many houses have their roofs connected with the sewers.

The main outlet is located about 1 ,200 feet from shore, at a point in the

harbor where the water is 9 feet in depth at low tide. Sewage is discharged

continually from this outlet, and there does not appear to be any complaint

with regard to it at the present time. The sewage is ordinarily visible over

a small area of the water immediately about the outlet. No odor or other

effect of the sewage is noticeable anywhere along the shore, and the outlet

is probably not objectionable excepting to those using boats anchored in its

immediate neighborhood.

There are two other outlets for sewers from the main portion of the town,

located at the shore in the neighborhood of the railroad station. These

outlets are not carried out to the water at low tide. The southerly one,

however, discharges near low water, and was not very offensive when
visited, though some odor from it was noticeable in the neighborhood.

The more northerly of these two outlets discharges near high water, and

the sewage flows in streams across the beach to low water. The conditions

about this outlet are very objectionable.

In the northerly part of the town there is a private system of sewerage,

receiving sewage from a large number of houses and from a cordage works,

and discharging upon the flats a considerable distance above low water,

though the outlet is covered at high water. The flats about this outlet are

very foul, but the offence is not noticeable on the shore in the neighbor-

hood at the present time. A beach in the neighborhood is used for bathing.
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REVERE.

Population in 1900, 10,395. The population of this town is temporarily

increased each summer by the presence of great numbers of people at Revere

Beach and elsewhere along the sea shore within the town limits.

Sewers were first built in Revere about fifteen years ago, and at the pres-

ent time the sewage of the central portions of the town is collected mainly

into two separate systems of sewers.

The principal system for the central portion of the town discharges into

Sales Creek, not far from the Revere station on the eastern division of the

Boston & Maine Railroad. There is a considerable area of flats about this

outlet which is exposed at low water, and the odor is offensive. There are

no houses within several hundred feet of the outlet, so that the odors are

not at present noticeable at dwelling houses in this region.

The sewage from a part of Revere Beach and from the Beachmont dis-

trict in the south-easterly part of the town is discharged at an outlet into

the sea about 2,500 feet from shore, near the southerly end of Revere

Beach. The sewage is received into a tank, from which it discharges

on the outgoing tide and in the earlier portion of the incoming tide. The

presence of the sewage is noticeable in the immediate neighborhood of

the outlet, chiefly by the discoloration of the water ; but no odor or other

evidence of sewage has thus far been observed upon the shores at Re-

vere Beach or elsewhere in the neighborhood when this outlet has been

examined.

There is also a minor outlet into Mill Creek near Broadway, at which a

small quantity of sewage is discharged.

Plans are now being made for the disposal of the sewage of Revere into

the metropolitan sewerage system, and a metropolitan branch sewer is being

constructed to receive this sewage. These works are likely to be completed

within two years, and the further discharge of sewage at local outlets in

Revere will probably be discontinued.

SALEM.

Population in 1900, 35,956. The principal portion of the city is situated

on a narrow peninsula, between the North River and Salem harbor, and the

remaining portion on the north-westerly side of the North River, in the dis-

trict known as North Salem.

The construction of sewers in Salem was begun many years ago. The

present system was begun in 1868, and 9 miles of sewers were in use

in 1877. In 1895 there were about 40 miles of sewers in the city, and at the

present time sewers have been extended to practically all of the thickly

settled portions of the city. The sewers are constructed upon the combined

plan, and receive both sewage and storm water.



306 STATE BOARD OF HEALTH. [Pub. Doc.

Nearly all of the sewage is discharged into the North River or into Salem

harbor, but there are a few outlets discharging into the South River, an arm

of Salem harbor, having a small water-shed.

The North River is grossly polluted by manufacturing wastes, consisting

chiefly of wastes from tanneries in the city of Salem and town of Peabody,

and by domestic sewage from the city of Salem ; and the odor from the

stream and from the mud flats in the lower part of its course which are

exposed at low water is extremely offensive for a long distance from the

stream.

Eight sewer outlets have been located, discharging into North River at

the North Street bridge and above as far as the boundary line of the town

of Peabody, and two large sewer outlets into the estuary of North River

below the North Street bridge, one opposite Howard Street and another

opposite Dearborn Street.

The outlets into the walled portion of North River are not noticeable on

account of the great pollution of the river from other sources. The outlet

opposite the extension of Howard Street discharges into a large pool in

the North River flats which are exposed at low tide, and the outlet at Dear-

born Street also discharges upon the flats on the opposite or north-westerly

side of the stream. These are very objectionable outlets, but the nuisance

caused by the deposits of filth from the North River on these flats is so

great that the increased nuisance due to these two outlets is probably not

noticeable.

There are five principal outlets into Salem harbor, four of which are

located in the neighborhood of Palmer's Cove, at the southerly end of the

city. These four outlets discharge through wooden flumes, running out to

the neighborhood of low tide ; but, since these flumes are leaky, much sew-

age is discharged between high and low tide, and flows over the flats exposed

at low water. These outlets are all of them objectionable, and the odors

from the flats in this neighborhood are very offensive. There is a large

population living on the shore in the neighborhood of these outlets.

The outlet which discharges the largest quantity of sewage is located in

a cove on the northerly side of the Philadelphia & Reading coal wharf.

This outlet is an objectionable one, and there is a great deposit of sewage

in its neighborhood, but there are no dwelling houses within 500 feet or

more of the outlet. In addition to these outlets there are several smaller

outlets into Salem harbor.

There are eight sewer outlets discharging into the South River. This

stream flows in a walled channel in the upper portion of its course, and

from a point near the railroad station it flows in a covered channel across

the southerly portion of the city to Salem harbor. Most of the outlets dis-

charge into the walled or covered portion, while the remaining ones dis-

charge into the deeper water near the mouth of the river. These outlets

greatly pollute the river near its outlet.
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SUMMARY.

The objectionable conditions caused by sewer outlets may be divided

into two classes : (1) cases in which the quantity of sewage is so great in

proportion to the quantity of water with which it is mingled that the water

is rendered offensive ; and (2) those in which the objectionable conditions

are caused by faulty construction or location of the outlet itself.

The objectionable conditions caused by the discharge of an excessive

quantity of sewage into a body of water are few among those outlets which

discharge into the sea.

At Moon Island, where the quantity of sewage discharged is rapidly

approaching the capacity of the works for conveying it to the outlet and

the capacity of the tidal currents into which it is discharged, the sea water

for a distance of a mile or more from the outlet is rendered offensive by the

sewage for about two hours after each discharge, but the sewage quickly

disappears after the discharge ceases. Upon the completion of the high-

level sewer, now under construction, much of the sewage discharged at this

outlet will be conveyed to the new outlet at Peddock's Island.

At Salem the water of the North River, into which a great quantity of

sewage and manufacturing wastes is discharged, is rendered extremely

offensive ; but the effect of the pollution disappears rapidly in the tidal

estuary into which the stream flows, so that the water in the lower part of

the estuary is not noticeably objectionable, but the flats in this estuary are

very offensive when exposed.

Similarly, at New Bedford the water of the Acusbnet River near its

entrance to the harbor is greatly polluted by the sewer outlets ; but, except

near the New Bedford shore, the harbor water is not noticeably objection-

able. In Clark's Cove also the effect on the water of the cove is confined

to the extreme upper end.

Of outlets which are objectionable on account of construction or location

of the outlet there is a very large number.

The results of the examinations of sewer outlets into the sea or harbors

or other arms of the sea show in general that, when the outlets are located

in deep water, where they are submerged at all times, noticeable deposits

of sewage rarely take place ; and an odor from the sewage is rarely notice-

able at any considerable distance from the outlet, even in cases where the

movement of the water is slow, provided the water is changed regularly by

the movement of the tides. Where outlets discharge into considerable

tidal currents well away from shores or from flats exposed at low water,

the sewage is quickly removed and dispersed, and evidences of it do not

accumulate about the outlet.

Among the outlets where objectionable conditions have not been found

may be mentioned the outlet of the north metropolitan sewerage system at

Deer Island, which has now been in use for eight years, where from
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2,000,000 to 3,000,000 gallons of sewage are discharged each hour at the

present time at all stages of the tide. The outlet is off the end of a sand-

spit exposed at low water and distant about 1,800 feet from the nearest

shore at high water. No deposits have yet taken place upon any of the

shores near this outlet, and there is no evidence that deposits are accumu-

lating anywhere. The sewage can be seen upon the surface of the sea

water in calm weather for a distance of less than a mile from the outlet,

and the oily matters from the sewage which float in a very thin film on the

surface of the water may be detected at a somewhat greater distance, but

an odor from the sewage is noticeable only to those sailing in the stream

of sewage in the immediate neighborhood of the outlet. At times when
there is considerable wind, sewage is noticeable at much smaller distances

from the outlet than in calm weather ; and in times of strong wind it is ob-

servable only in the immediate neighborhood of the outlet itself.

There are cases where sewage is discharged below the level of low water,

but in such a way that the sewage collects about the outlet, and causes

offensive conditions. This is the case especially where sewage is discharged

into docks between long wharves or into small bays or arms of the sea,

where the sea water is not frequently changed by the movement of the

tides, and the sewage consequently receives too little dilution.

At the outlets of sewers which discharge at the edge of low water on a

beach or flats, under conditions where there is little or no current, the sew-

age collects in the water, rendering it offensive to sight and smell, and de-

posits of offensive matters accumulate. At such outlets matters from the

sewage are gradually spread over the beach or flats by the tide, where they

remain and cause offensive odors when the shores are exposed.

All of the outlets discharging upon beaches or flats between low water

and high water have been found to be objectionable, because there is an

offensive odor both from the sewage itself and from the decomposition of

sewage deposits which take place about such outlets.

In several cases sewage is discharged into open trenches, even above the

level of high water, and all of such outlets examined have been found to be

very offensive.

The most objectionable nuisances now existing, as shown by the results

of these examinations, are the following :
—

Salem.

The offensive condition of the North River and of the flats and shores

about other sewer outlets in Salem has been notorious for many years.

The North River is a tidal estuary, the upper part of which is confined

between narrow walls, while the lower part spreads over a wide area, much
of the bottom of which is exposed at low water. Great quantities of water,

polluted by manufacturing wastes, chiefly from tanneries in the town of

Peabody and city of Salem, together with sewage, are discharged into the

walled channel. Foul matters from this channel settle on the flats in the
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estuary below, and to these pollutions is added a large quantity of sewage

from sewers of the city of Salem, which discharge directly upon the flats,

the whole producing a very great nuisance. On the harbor side of the city

many sewers discharge upon extensive flats between high and low water,

•creating here also very serious nuisances.

Plans for the removal of the sewage of Salem to some suitable outlet are

now under consideration by the city.

New Bedford.

Practically all of the sewer outlets in the city of New Bedford cause seri-

ous nuisances, and offensive odors and other objectionable conditions exist

practically all along the shore of the Acushnet River and New Bedford

harbor in front of the city and in the upper end of Clark's Cove. The

nuisances are caused by the discharge of sewage above low water, where it

spreads out over flats or beaches exposed at low tide, or by the discharge

of sewage into docks or coves, where the water changes very slowly.

The nuisance created by the present method of sewage disposal at New
Bedford is probably greater than in any of the cities or towns along the sea

shore, excepting, possibly, Salem. Plans for a general system of sewage

disposal are npw being prepared.

Fall River.

At Fall River several of the sewer outlets are located above high water,

and some of them discharge many feet back from the sea ; so that open

streams of sewage, aggregating several hundred feet in length, are now in

existence in the city. At several of the outlets which discharge at the edge

of tide water objectionable conditions exist, by reason of deposits of sewage

about these outlets or along the shore in the neighborhood.

Plans have been prepared for conveying the sewage from some of the

most objectionable outlets to points of discharge at the shore of the river

or bay ; but, unless these outlets are carried well out from shore, objection-

able conditions will continue to exist about many of the Fall River outlets.

It is probable that in most cases if the outlet should be extended beneath

the water beyond the low-tide margin the objectionable conditions caused by

odors from sewage and sewage deposits about the outlets would be removed.

Chelsea.

Very offensive sewer outlets exist in the city of Chelsea, by reason of the

discharge of sewage in places where it spreads over flats exposed at low

water, causing offensive odors from the sewage and from deposits which

collect in the neighborhood of the outlets. There does not seem to be any

good reason why such outlets should be allowed to exist in this city. The

north metropolitan sewerage system was designed to remove the sewage of

the city, except such as might overflow from combined sewers at times of
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heavj" rain ; and some of the sewers which are the cause at present of very

serious nuisances have already been provided with connections in the met-

ropolitan system.

Boston.

The most objectionable nuisances existing at the present time in the Bos-

ton main drainage or south metropolitan sewerage districts, by reason of

the disposal of sewage, are those caused by the outlets of the Stony Brook

channels. The channel which dischai'ges into the Back Bay Fens is evi-

dently used largely as a sewer, and much sewage and manufacturing

waste is discharged into this channel between Jamaica Plain and the Fens

at all times. The channel was built to remove the waters of Stony Brook

and prevent the flooding of low areas in Roxbury, and was not intended

for use as a sewer. The nuisance in the Back Bay Fens could be pre-

vented by removing all connections through which sewage and manufac-

turing wastes are discharged into the Stony Brook channel, and discharging

this sewage and waste into local sewers. If this channel is to continue to

be used as a sewer, it should be treated as such, and the dry-weather flow

discharged into the metropolitan or main drainage sewers.

The old Stony Brook channel, which discharges on the northerly side of

Beacon Street at the edge of the Charles River, also evidently receives a

large quantity of sewage and much foul drainage ; and this channel also

should either be rebuilt, as proposed by the street department of the city

of Boston, and used for the disposal of storm water only, or else should be

treated as a sewer and connected with the Boston main drainage or metro-

politan sewers.

East Boston.

The sewers which continue to discharge sewage into the tidal waters

about East Boston are in most cases small ones, and except in one case no

connection has yet been made between these sewers and the metropolitan

system. Objectionable conditions exist about most of these outlets, how-

ever, which could be prevented by connecting the sewers with the north

metropolitan system, which was designed to remove the sewage of this

district and to prevent the pollution of local waters.

Revere.

The sewer outlets of the town of Revere are objectionable, though seri-

ous nuisances have not occurred at either of them. The town has recently

decided to join the north metropolitan sewerage system, and branch sewers

from the metropolitan system are now being constructed to receive the

sewage of the town. Under the circumstances it is probable that the

present outlets will soon be discontinued.

Beverly.

The main outlet at Beverly is not objectionable, but the outlet at the-

westerly side of the city near the railroad creates a serious nuisance.
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Gloucester.

The cit}' of Gloucester has no general sewerage system. Much of the

land on which the city is built is rocky and nearly impervious to water,

and much difficulty is experienced in the disposal of sewage and household

wastes.

A limited drainage system has been provided, chiefly by utilizing natural

water courses, and it has become the practice to discharge sewage into

these drains or water courses. Already several hundred houses dispose of

a part or all of their sewage in this way, and a system of sewerage is grow-

ing up which is producing objectionable conditions in these drains and at

their outlets.

A proper system of sewerage and sewage disposal will inevitably be

required at this place before many years ; and the longer the present system

is allowed to develop, the greater will be the cost and difficulty of provid-

ing a proper system. It would be to the advantage of the city to prevent

the further discharge of sewage from any of the buildings into the drains

or water courses, to remove such connections as have already been made,

and provide a proper means for disposing of the sewage.

Plymouth.

The main outlet of the town of Plymouth which discharges into the har-

bor does not appear to cause offensive odors or other objectionable condi-

tions which are noticeable on the shore. It is noticeable from boats in the

harbor when in its immediate neighborhood. Sewage is discharged at three

other places along the shore in front of the town, and the flats about two of

these outlets are greatly polluted by sewage.

Plans are now being prepared for removing some of the sewage from these

objectionable outlets to a new outlet, and the use of the objectionable outlets

should be discontinued.

Other Outlets.

The sewer outlet at Newpuryport discharges well away from the city and
near the ordinary level of low water, and offensive odors or deposits are

not noticeable about this outlet.

The outlets at Nahant and Hull have not been found to be objectionable.

The main outlet of the town of Fairhaven, located at the end of a long

wharf, has not been found to be objectionable when examined.

The Moon Island sewer outlet, from which great quantities of sewage
are discharged on each outgoing tide, on the southerly side of Boston har-

bor, produces offensive conditions to those sailing in the area covered by
the sewage soon after it is discharged ; but deposits do not appear to be
taking place about this outlet, nor have other objectionable conditions been
found to exist there.
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PART II. — SEWER OUTLETS INTO RIVERS AND OTHER
INLAND WATERS.

All of the larger rivers of the State are polluted in a greater or less degree

by the sewage of cities or towns or by manufacturing wastes from factories

and mills located along the streams or their tributaries. In some cases the

pollution is slight, and not detectable by sight or smell excepting in the im-

mediate neighborhood of the outlet of a sewer or just below a mill ; while in

extreme cases the water of the stream is rendered filthy and offensive for

many miles.

In making examinations of sewer outlets into rivers and other inland

waters, in order to determine the effect of sewage disposal, it has been

necessary to investigate not only the local conditions about the sewer out-

lets, but also the general effect of the sewage on the stream.

Upon most of the important streams of the State stations were estab-

lished several years ago, at which samples of the water of the stream have

been collected monthly for analysis, the results of which show in a general

way the changes in the condition of the stream from month to month and

from year to year at these places.

During the past year the sewer outlets of the various inland cities and

towns having sewerage systems have been located, and the conditions

about them examined. In connection with this examination the condition

of the various streams has been inspected, and numerous samples of water

have been collected for analysis at many points along their courses. Meas-

urements have been made of the flow of the streams, in some cases at several

points, and wherever practicable the quantity of sewage discharged from the

different cities and towns has also been measured. Information has also

been collected as to the extent of the sewerage systems of the various cities

and towns, and as to the quantity and character of manufacturing wastes

discharged into the stream from the principal manufacturing establishments.

The year 1902 has been a favorable one for the disposal of sewage into

streams and inland waters, with a minimum of pollution or of annoyances

from odors or other objectionable conditions caused by such disposal of

sewage. The rainfall during the year has been about the normal, and the

distribution was such that the flow of streams was high during the summer

and autumn months, the period when the flow of streams, and consequent

dilution of sewage, is least. At the same time the summer was an excep-

tionally cool one, and less favorable to the rapid decomposition of organic

matters and the production of offensive odors than warmer summers.

About 58 inland cities and towns now have systems of sewerage which

are available to a large portion of the inhabitants.

In some of the cities and towns works have been introduced for the treat-

ment and purification of the sewage, and at most of these works the sewage
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is well purified, so that it does not have an unfavorable effect on the appear-

ance or odor of the stream into which it flows. Practically all of the puri-

fication works in the State have been built since the year 1889, when the

first works of considerable importance were completed at Framingham.

In the following table is given a list of the cities and towns having sew-

erage systems available to a considerable portion of the population, together

with the name of the stream into which the sewage or effluent is discharged.

There are many places having a few sewers or a system for a small portion

of the town only, which will be referred to in another place. In cases where

much of the sewage is filtered or treated at works for the purification of the

sewage, the fact is noted in the table.

Table showing the Inland Cities and Towns in Massachusetts having
Systems of Sewerage, and the Stream or Other Body of Water
INTO which the Sewage or Effluent from Sewage Purification
Works is discharged.

City or Towx.
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Tablk showing the Inland Cities and Towns in Massachusetts having

Systems of Sewerage, and the Stream or Other Body of Water
INTO WHICH the SeWAGE OH EFFLUENT FROM SeWAGE PURIFICATION

Works is discharged— Concluded.

City or Town.
stream or Body of Water

into which Sewage
or Sewage Effluent is discharged.

Leicester,

Lenox, .

Leominster,.

LoDgmeadow,

Lowell,

Ludlow,

Marlborough,

Maynard,

Medfield,

Methuen,

Middleborough, .

Milford,

Montague, .

Natick,

North Adams,

Northampton,

North Andover, .

North Brooktield,

Orange,

Palmer,

Pittsfleld, .

Shelburne, .

Southbrldge,

South Had ley, ,

Spencer,

Springfield, .

Stockbridge,

Taunton,

Ware, .

Webster, .

Westborough,

Weetfleld, .

West Springfield

Williamstown,

Worcester, .

Brook, .

Housatonic River,

Monoosnock Brook,

Connecticut River,

Merrimack River.

Chicopee River.

Brook, .

Assabet River,

Charles River,

Spicket River,

Nemasket River, .

Charles River.

Conneclicui River.

Bannister Brook, .

Hooslck River.

Mill River,

Shawsheen River,

.

Quaboag River,

Miller's River,

Quaboag River,

Housatonic River,

Deerfleld River.

Quinebaug River,

.

Connecticut River.

Quaboag River,

Connecticut River,

Housatonic River,

Taunton River.

Ware River, .

French River.

Assabet River,

Westfleld River.

Connecticut andWestfield rivers

Hooslck River.

Blackstone River,

.

Tributary of Blackstone River. Purification
works.

Purification works.

Tributary of North Branch of Nashua River.

Purification works.

Tributary of Sudbury and Concord rivers.
Purification works.

Tributary of Concord River.

Purification works.

Tributary of Merrimack River. Methuen sewage
discharges into sewers of city of Lawrence.

Tributary of Taunton River.

Tributary of Sudbury and Concord rivers.

Purification works.

Tributary of Connecticut River.

Tributary of Merrimack River.

Tributary of Chicopee River. Purification
works.

Tributary of Chicopee River.

Purification works.

Purification works.

Tributary of Chicopee River. Purification
works.

A portion of sewage is discharged into the Chic-
opee River.

Purification works.

Tributary of Chicopee River.

Tributary of Concord River. Purification

works.

Purification works.
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In addition to the pollution caused by the sewage of the cities and towns

given in the foregoing table and by the discharge of sewage at private out-

lets, most of the streams of the State are also polluted by solid and liquid

wastes from manufacturing processes discharged fx'om factories and mills.

While the act under which these investigations are made mentions only the

sewer outlets of cities and towns, it has been deemed essential to obtain in-

formation also as to the character and quantity of the manufacturing wastes

discharged into the various streams, since it is well known that some .of the

most objectionable nuisances are due solely to such wastes. Information

relative to the quantity of objectionable wastes discharged into streams

from factories and mills has therefore been collected, and is presented in

connection with the results of the examination of sewer outlets.

Before proceeding to consider these results in detail, certain general con-

ditions affecting the disposal of sewage into streams and ponds will first be

referred to.

Absolutely pure water is not found in nature, and all natural waters in

the State contain mineral and organic matters taken up from the vegeta-

tion, the soil and the rocks with which the water comes in contact. The
quality of the water of most of the larger rivers and ponds in Massachusetts

is also aflfected directly or indirectly by sewage or other wastes of human
life.

In the consideration of the sanitary condition of the inland waters of the

State, those waters which are not affected by the wastes of human life may
be classed as normal, while those which are polluted by sewage or manu-
facturing wastes are classed as polluted waters. For the purposes of this-

report the waters of sparsely populated water-sheds unaffected by direct

sewage pollution will be assumed to be normal.

The Natural Charactek of Unpolluted Waters of Streams and
Ponds in Massachusetts.

The chemical analyses of unpolluted waters from many streams and
ponds show that natural waters differ greatly in character. These differ-

ences are due to differences in topography, and in the character of the soil

and the rocks of the water-sheds from which the waters are derived. The
waters of streams and ponds derived from water-sheds free from swamps
or meadows are usually nearly colorless, and contain but little organic mat-
ter; while waters derived from swampy water-sheds are generally highly

colored, and contain a comparatively large quantity of organic matter.

The quantity of mineral matter present naturally in the waters of most
streams and ponds in Massachusetts is small, but in some portions of the

State the mineral matter naturally present in the water is high, owino- to

the presence of limestone.

The results of chemical analyses of normal waters from many different

sources show, upon comparison, marked differences in the quantity and
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character of the organic matter present in the water, in the color, in the

quantity of mineral matters present and in other respects. In the follow-

ing tables characteristic analyses from several different sources are pre-

sented, illustrating some of the more important differences in the character

of normal waters, as shown by chemical analysis.

Chemical Analyses of the Water of Rivers.

[Parts per 100,000.]
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ent in the water. This organic matter may be of three different classes :

first, that which is dissolved from the vegetation and soil with which the

water comes in contact ; second, that which is due to the presence of living

or dead organisms in the water; third, that which is due to pollution by

sewage or other wastes of human life.

Organic matter due to the first of these causes is ordinarily very perma-

nent in character, and many experiments with such waters have shown that

this organic matter will generally remain constant in composition for months

without developing indications of decay. Organic matter of the second

class, that which is due to living or dead organisms, has commonly very

little effect upon the quantity of organic matter present in streams. The

microscopic organisms do not flourish in running water, and have not been

found to be present in the water of streams in the State in considerable

quantities, excepting in streams which derive a large portion of their flow

from a pond or reservoir. In ponds and reservoirs, on the other hand,

microscopic organisms often increase largely the quantity of organic matter

present in the water, and the number of organisms present may be so great

that an odor caused by this organic matter may be detectable in the neigh-

borhood of the pond. This rarely occurs, however, except in cases where

the growth is enormous. Upon the decay of the organisms in such cases

they sometimes collect in considerable quantities near the shore of a pond,

and cause an objectionable odor in their immediate neighborhood.

The free ammonia present in a pond or stream may be taken as evidence

of decomposition in progress in the water. Free ammonia is a character-

istic ingredient of sewage, and consequently is generally a valuable index

of pollution. In general, very little free ammonia is present in normal

waters of streams and ponds. In deep ponds, however, the quantity of

free ammonia may be large at times, on account of the accumulation of

products of decay of organic matters in such waters. In many ponds and

reservoirs, especially those of considerable depth, there is a stagnant layer

in the bottom during the warmer portion of the year, in which the products

of decomposition from the upper layers accumulate, and when the water

turns over in the fall, this decomposing organic matter is distributed through

all the water of the pond. It is important to take this into account in con-

sidering the results of chemical analyses of ponds and reservoirs.

The presence of nitrites, like that of free ammonia, indicates a change

going on in the water. In surface waters nitrites are not usually present

in any considerable quantity, except in waters polluted by sewage or man-

ufacturing wastes.

The quantity of nitrogen in the form of nitrates present in the surface

waters of the State is not usually great, .though it is seldom that nitrates

are completely absent. The nitrates signify the complete mineralization of

organic matter, and the presence of high nitrates must be considered an

evidence of the previous pollution of the water. They are rarely present in
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significant quantities in surface waters, since they furnish a ready food for

organisms of all kinds in water exposed to light.

All of the waters of unpolluted sources in the State contain chlorine, one

of the component parts of common salt ; and one of the earliest results of

the regular examinations of inland waters in Massachusetts was the dis-

covery that the quantity of chlorine present in normal waters diminished

regulai'ly as the distance from the sea shore increased. It was thus prac-

ticable to establish very closely for all parts of the State a normal chlorine,

showing the natural amount of chlorine present in unpolluted waters, which,

though somewhat variable, varies within narrow limits. This fact has been

of the greatest importance in the investigations of the pollution of streams

and ponds, as well as other sources, since chlorine is a characteristic in-

gredient of sewage and does not change, and the excess of chlorine in any

water above the normal for that water-shed is an index to the degree of

sewage pollution which the water has received. The normal ranges from

approximately 2 parts per 100,000 close to the sea shore to about .05 of a

part in the extreme western part of the State. The chlorine present in

sewage of cities and towns in the State ranges from 3 to 15 parts per

100,000.

The color observed in surface waters is derived from vegetation, such as

wood, leaves and grasses and peaty soil. Water which has been long in •

contact with vegetable matter in swamps has a deep color, usually a yel-

lowish brown.

The oxygen consumed may be taken to represent the carbonaceous mat-

ter in the water. Natural waters derived from swampy water-sheds are high

in oxygen consumed, while in waters containing but little organic matter

the oxygen consumed is low.

The residue on evaporation shows the amount of mineral and organic

matter in water. In normal waters the amount of residue depends on the

character of the soil and rocks of the water-shed from which the water is

derived. In the greater part of the State the character of the soil and

rocks is such that the total solids in normal waters are small, — often less

than 2 parts per 100,000. In the western portion of the State and in a

small area in the north central portion the natural waters contain much

more mineral matter, on account of the presence of limestone in these

regions, which is readily dissolved and taken up by the water.

Referring now to the table of analyses on page 316, it will be seen that

the color and quantity of organic matter, as represented by the albuminoid

ammonia, in the waters of the Shawsheen and Ipswich rivers, for example,

is much greater than in the waters of the Hoosick and Westfield rivers.

The excessive color and organic matter present in the waters of the Ipswich

and Shawsheen rivers are due to the contact of those waters with vege-

table matters in swamps. The water-sheds of these rivers are, for the

most part, quite flat, and there are extensive swamps along the main streams
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and their tributaries, through which the water falling upon the surface of

the ground passes very slowly to the streams, giving abundant opportunity

for the water to take up organic matter from the vegetable matter with

which it conies in contact. The Hoosick and "Westfield rivers, on the other

hand, flow from water-sheds having steep slopes, with few swamps and

meadows ; and the water from the rainfall flows off rapidly into the streams,

without opportunity to stand for any considerable time in contact with

leaves or other vegetable matter.

While the quantity of albuminoid ammonia present in the waters of the

Ipswich and Shawsheen rivers is very large, as compared with that present

in the waters of the Hoosick and Westfield rivers, organic matter of this

kind, as already stated, is very permanent in character; and although this

organic matter, together with the high color and vegetable odor character-

istic of these waters, would make them undesirable for the purposes of a

public water supply, such waters are not injurious for drinking, and, when

unpolluted, will not become in any way offensive when flowing in a stream

or stored in a pond or reservoir. Notwithstanding the large quantity of

organic matter contained in such waters, as compared with the waters of

the Hoosick and Westfield rivers, there is no evidence that pollution by

sewage or manufacturing wastes has a more noticeable or more injurious

effect upon them than upon the waters of streams which contain but little

organic matter.

The analyses of the waters of the Ware and Nashua rivers given in the

table illustrate the character of the water of streams in hilly regions con-

taining somewhat more swampy land than the water-sheds of the Westfield

and Hoosick rivers, but much less than those of the Shawsheen and Ipswich

rivers.

The analysis of the water of the Hoosick River shows, in the high total

residue on evaporation and in the hardness, the effect of the presence of

limestone within its water-shed, — a substance which is not present, in any

considerable quantity at least, in the water-sheds of the other sources men-

tioned in the table.

In the table of analyses of waters of ponds and reservoirs it will be

seen that there is even a wider difference between the quantity of organic

matter present in the waters of the different sources than in the case of the

rivers. The waters of Lake Pleasant in Montague and Silver Lake in

Pembroke are similar in character to many pond waters derived from water-

sheds free from swamps, and which are stored in ponds having bottoms

nearly free from organic matter. The water-shed of Lake Pleasant in

Montague consists partly of steep hillsides and partly of a flat, sandy plain.

The water-shed of Silver Lake consists largely of gently rolling country,

having a coarse, gravelly soil, so that much of the water enters the lake by
percolation through the ground. The water-sheds of Long Pond in Lake-

ville and Great Pond in Weymouth contain large areas of swampy land.



320 STATE BOARD OF HEALTH. [Pub. Doc.

and the waters from these water-sheds are characterized by a high color

and a much larger quantity of organic matter than the waters from the

water-sheds previously mentioned. This organic matter, like that of the

Ipswich and Shawsheen rivers, is of the stable kind, and both ponds are

sources of public water supply, as are Lake Pleasant and Silver Lake.

The analyses of the next two sources— Wannacomet Pond and Ludlow

reservoir— show the character of the water of ponds affected at times by

great growths of microscopic organisms. These organisms render these

waters, which are used as sources of public water supply, offensive to taste

and smell at certain seasons of the year. The odor of the water of these

soui'ces, when the organisms are most abundant, can be noticed near the

shores of the ponds, and masses of organisms sometimes collect near the

shores, and cause an offensive odor in their neighborhood.

Artificial storage reservoirs present the same general characteristics as

natural ponds. The water of Fall Brook reservoir, the analysis of which

is presented in the table, is low in color and organic matter ; while the

water of Ludlow reservoir contains usually an excessive number of organ-

isms during the greater portion of the year, and a very large quantity of

organic matter.

The greatest differences in the quantity of organic matter present in a

water are found in the waters of tlie sources most affected by microscopic

organisms. The quantity of organic matter present in the waters of Wan-
nacomet Pond and the Ludlow reservoir in the summer season may often

rise to three or four times the average quantity mentioned in the table.

On the other hand, the waters of the ponds lowest in organic matter shown
in the table do not vary greatly from month to month ; nor do the brown

waters drawn from swampy water-sheds, though high in organic matter,

show material variations. The seasonal changes in the quantity of organic

matter present in the water of the various sources are illustrated by the fol-

lowing tables, which show the quantity of albuminoid ammonia present at

different seasons of a year in the waters of several of the sources men-

tioned in the tables.

Quantity of Albuminoid Ammonia in River Waters in Different Months
OF the Year.

River.
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Quantity of Albuminoid Ammonia in Pond Waters in Dikfekent Months

OF the Year.

Pond ok Reservoir.
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to their growth ; and many sewage-polluted streams contain plants or

organisms common to such streams, and not usually found in unpolluted

waters. G^reat quantities of Beggiatoa, Leptomitus and similar fungi, white

or gray in color, ai*e often present about sewer outlets and in grossly pol-

luted streams, where they grow clinging to the sides and bottom of the

stream. The fllamentous AJgce are often found in great numbers in pol-

luted streams, but usually farther away from the point of pollution than the

other organisms mentioned.

Bacterial examinations of the waters of some of the polluted streams

have been made in connection with the chemical analyses, but such examina-

tions have not been general. Where such examinations have been made
they have consisted only in a determination of the total numbers of bacteria

present.

Flow of Streams.

The quantity of water flowing in the streams of Massachusetts varies

greatly in different seasons of the year. In a long series of years the

quantitj' of water flowing in the months of May and December represents,

on the whole, approximately the average for the entire year ; but between

these months, in the warmer portion of the year, the quantity flowing is

often but a small fraction of the average, while the quantity in the winter

and spring is much greater than the average.

The wide difference between the natural flow of a stream in the winter

and spring and the flow in summer and autumn is illustrated by the accom-

panying table, showing the average monthly flow of the Sudbury River per

square mile of water-shed for many years :
—
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There are water-sheds which contain very extensive areas of coarse sandy

or gravelly soil, which absorb much water from the rainfall in the winter

and spring months, and yield it gradually to the streams in the drier por-

tion of the year, thus maintaining a much higher flow in the drier season

than is indicated by the flow of the Sudbury River. On the other hand,

there are streams which become entirely dry in the summer season.

The flow of the Sudbury River, as presented in the table, shows the

average flow distributed throughout the twenty-four hours of the day, un-

affected by the draft of water from storage reservoirs to increase the flow

of the stream, or by other circumstances which affect the quantity of water

flowing in most of the streams of the State. The natural flow of nearly all

streams in Massachusetts has been modified to a greater or less degree in

the development and use of the streams as sources of power in manufac-

turing. On most of the larger streams of the State there are large storage

reservoirs, in which water is collected during the wetter portion of the

year, to be used in maintaining the flow of the stream in the drier portion ;

and accordingly the dry-weather flow of most of the streams of the State

is greater than that recorded on the Sudbury River, as given in the table.

Observations of the flow of other streams, however, show that the flow of

some streams, especially the smaller ones, may be less per square mile in

dry weather than that shown by the Sudbury records ; and, as already

noted, some streams become entirely dry in dry weather.

Factories and mills are operated, as a rule, during a period of ten hours

of the day, and the mill ponds above factory dams are drawn upon for the

requirements of the factory usually only during these hours. In the drier

portion of the year the whole flow of a stream may be drawn through canals,

and the bed of the stream may remain uncovered during the daytime, at

least, between the dam and the point or points where the water is again

restored to the stream. Where a mill pond is of large size, compared to

the flow of the stream, it is often practicable to store much of the night flow

of the stream, thus allowing the bottom below the dam to remain uncovered

for a period of many hours at night or other times when the mill is not

running. The variations in the flow of streams, due to their use in manu-

facturing, are of great importance in connection with the use of the streams

as places of sewage disposal.

Quantity of Sewage discharged from Cities and Towns.

The sewage of cities and towns consists of liquid matters discharged from

water-closets, sinks, bath-tubs and other fixtures in dwelling houses, stores,

oflSces and factories, together with a greater or less quantity of waste

liquors from manufacturing processes in factories and mills ; and ordinarily

a very large and variable quantity of water which finds its way into the

sewers partly by percolation of water through cracks or defective joints in

the sewers or in the house sewers connected therewith, and partly, also, at
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times of rain, by leakage of rain water through perforated man-hole covers

or through other direct openings into the sewers. In combined systems of

sewerage the sewers also receive great quantities of surface water at times

of rain, or when snow is melting ; and the flow in such sewers may be

increased at such times to a quantity amounting to several times the ordi-

nary flow of sewage, and a considerable quantity of organic and mineral

matter may be brought into the sewers in the rain water from street sur-

faces, etc.

The quantity of water used from the public water supply in a city or

town is not a reliable indication as to the probable quantity of sewage flow-

ing in the sewers. The leakage into the sewers from the various causes

mentioned increases the quantity of sewage flowing in the sewers of a city

or town at times to an amount much beyond the quantity of water used

from the public water works.

In the following table records are given of the measurements of flow of

sewage from several of the separate systems of sewers of the State, and

the quantity of water used from the public water supply :
—

Average Flow of Sewage and Average Consumption of Water, by
Months, 1902.

[GalloDB per Day.]
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the early spring, when the ground is saturated with water, and least in the

latter part of the summer or early autumn when the level of the ground

water is lowest.

The quantity of sewage flowing from a system of sewers also presents

considerable variations from day to day and from bour to hour. The vari-

ations in the flow of sewage from hour to hour are well illustrated by the

table on page 330.

In order to illustrate the ratio of the flow of sewage from a city or town

to the average flow of a stream, the following table is presented, showing

the average flow of sewage from one of the separate systems of sewers in

the State, the flow of which is not affected by extraordinary conditions,

and the average flow of a stream during the same period :
—

Flow of Stream
(Gallons per
Day per

Square Mile).

Flow of Sewage
(Gallons per

Day).

Ratio of
Stream Flow
to sewage.

January, .

February,
March,
April,
May, .

June,
July,
August, .

8eptemi)er,
October, .

November,
December,

Average for year.

47.5,000

4,150,000
2,800,000
1,980,000

1,521,000

374,000
149,000
169,000

79,000
182,000
993,000
951,000

1,131,000

495,000
639,000
758,000
694,000
661,000
608,000
361,000
328,000

332,000
417,000
477,000
739,000

542,000

.96

6.49
3.70
2.86
2.34
.62

.41

.52

.24

.44

2.08
1.29

2.09

Character of Sewage of Cities and Towns.

Sewage has been defined as the domestic and manufacturing filth and
refuse flowing from sewers, and i& to be distinguished from "drainage,"

which refers to rainfall, surface and subsoil water only. As has been al-

ready shown, sewage derived from the various fixtures in dwellings, stores,

factories, etc., from which it is discharged into the sewers, is mingled with

a greater or less quantity of clean water from the public water supply,

and of probably fairly clean water draining from the ground into the

sewers through leaks. When the mixture of sewage and waste water in

the sewers first takes place, and sewage is brought in contact with com-
paratively clean water and with the air, the disintegration of the various

matters begins, and the sewage becomes rapidly mingled with the water.

The decomposition of the organic matter in the sewage goes on rapidly,

and solid matters become broken up and finely divided. In cases where
sewage is a long time in reaching the outlet, the odor becomes very much
more offensive than that of fresh sewage. The strength of the sewage
flowing from different systems of sewers differs greatly, on account of dif-

ferences in the quantity of water used, in the waste or leakage into the
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sewers, and on account of the quantity and charactei' of the manufacturing

wastes discharged into the sewers. This may be illustrated by the follow-

ing table, showing the average analyses of sewage from different systems :
—

[Parts per 100,000.]

o
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Sewage flowing from a system of sewers varies in strength at different

seasons of tlie year. In tlie summer and early fall, when the leakage into

the sewers is least, the sewage is generally strongest ; while in the winter

and spring, when the leakage is greatest, the sewage is much more dilute.

There are considerable variations also in the strength of sewage from day

to day. There is a very great variation in the strength of sewage in the

different hours of the day, the strongest being found at the time of maxi-

mum flow in the day, while the sewage is weakest at the time of minimum

flow at night.

The variations in the strength of sewage at different seasons of the year

and at different hours of the day are illustrated by the two following tables,

the first showing the results of monthly analyses of the sewage from a sep-

arate system of sewers, and the second showing the character of the sewage

in different parts of the day.

Table showing Results of Monthly Analyses of Sewage from a
Separate System of Sewers.

[Parts per 100,000.]

January,

February,

March,

April, .

May, .

June, .

July, .

August,

September,

October,

November,

December,

Residue on
Evaporation.

31.60

53.20

40.20

29.00

24.40

21.00

36.40

63.20

74.00

74.80

76.80

45.80

Free.

3.1400

5.0000

3.5400

0.5900

1.5500

0.9000

3.4200

5.4000

4.8000

7.0000

7.4000

2.0300

0.6000

0.9800

0.7400

0.2700

0.2300

0.2000

O.5600

1.5200

1.1400

0.9400

1.3000

0.4900

Chlorine.

4.37

5.40

4.85

3.80

3.70

3.20

4.80

14.05

9.00

9.20

11.10

4.90
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Table showing Variations in the Flow and in the Character of Sewage.

[PartB per 100,000.]

—
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FROM A Separate System ok Sewers for a Period op Twenty-four Hours.

[Parts per 100,000.]

Ammonia.



332 STATE BOARD OF HEALTH. [Pub. Doc.

and the quantity of organic matter in the wastes from a large tannery may
amount to as much as that present in the sewage from a town of consider-

able size, and its effect upon a stream is similar to that of sewage. A
characteristic analysis of tannery sewage is given in the accompanying

table. The disinfectants which are sometimes used for the preservation

of Bkics of animals in the course of transportation to a tannery- sometimes

make the purification of such wastes difficult.

The wastes from paper mills are derived largely from the washing of

rags and paper used for stock, and from the water used in paper machines

in which the pulp is made into paper. The waste from the washing of

stock usually contains much organic matter, and the quantity is large, since

a large quantity of water is used. The greatest quantity of water wasted

from paper mills comes from the paper machines, and the wastes from some

of the larger machines may amount to from 500,000 to 1,000,000 gallons in

twenty-four hours. The wastes from paper machines usually contain com-

paratively little putrescible organic matter; and experiments indicate that

such wastes can be efficiently purified by straining, and probably valuable

matter recovered that would otherwise be lost. Wastes from the washers

and beaters can also probably be purified efficientl}' in this way in many
cases.

Wastes from shoddy mills consist of dirt and organic matter washed from

the rags used as stock, and large quantities of acid are often used in these

mills. Wastes from shoddy mills have a very serious effect in the pollution

of streams.

The following table contains analyses of many of the important manu-

facturing wastes from mills of different kinds in the State which have the'

most serious effect in the pollution of streams :
—

Chemical Analyses of Wastes from Various Manufacturing Processes.

Waste from Washer in Paper Mill.

[Parts per 100,000.]
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Chemical Analyses of Wastes from Various Manufacturing Processes

,
— Concluded.

Waste from Scouring of Wool.

[Parts per 100,000.]
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In general, the most objectionable conditions resulting from the discharge

of sewage into inland waters, as shown by these investigations, aside from the

pollution of water supplies, are those in which the stream itself is rendered

offensive to sight and smell for a considerable portion of its course. Very

objectionable conditions have been found at sewer outlets where the quan-

tity of sewage is so small in proportion to the flow of the stream that, with

a properly constructed outlet, no offence would be created. Many sewer

outlets have been found in which the sewage is discharged at a considerable

distance back from the bank or shore of the stream or pond into which the

sewage finds its way, and the sewage spreads out over a considerable area,

and collects in pools before reaching the water. Nuisances are caused in

other cases by outlets located at the bank of a stream or the shore of a

pond in a shallow pool or bay, into which little or no water finds its way,

and the sewage collects and putrefies, giving off a very offensive odor.

Some outlets which discharge into the water, and are not objectionable

under ordinary conditions, become offensive at times when the water in the

stream or pond recedes in dry weather, allowing the sewage to spread over

the exposed bottom. Such nuisances are not found where the outlet ex-

tends a sufficient distance into the water to prevent the sewage from return-

ing to the shore until thoroughly mingled with the water. Satisfactory

outlets of the latter sort have been constructed in connection with some of

the sewers in Springfield and at a few other places.

Observations upon the discharge of sewage into water at many places

show that there is much advantage in discharging it at several outlets,

since the sewage then mingles much more rapidly with the water, and is

subjected more quickly to those actions which tend to remove its effect.

In making the investigations included in this report, inspection has been

relied upon in the first place to locate the points of pollution and determine

the conditions about sewer outlets and the general condition of the sti'eams.

Chemical analyses of the waters of the streams at various points have been

made, to determine their condition and the effect of the pollution. In a

few cases also bacterial examinations have been made, which are of assist-

ance when used in connection with the other investigations.

Method of making Examinations and presenting Results.

In presenting the results of the examinations of the various rivers and

sewer outlets, a table is first given containing a list of the cities and towns

within the river basin, with statistics as to the population, sewerage, etc.,

of the town, and next a table showing the drainage area of the river at

various points, with statistics as to the population, etc., on the water-shed.

Subsequently a table giving an average of the results of monthly analyses

during the six driest months of the year, from June to November inclusive,

is presented for all the places within the water-shed where such observa-
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tions have been made ; and finally the results of special examinations of

some of the streams are presented, showing the flow of the stream and the

condition of the water, as shown by chemical analyses, at various points

at the time the special examination was made.

The streams will be considered in the following order :
—

Assabet (see Concord).

Blackstone.

» Charles.

Chicopee.

Concord.

Connecticut

Deerfield.

French.

Green (see Deerfield).

Hoosick.

Housatonic.

Manhan (see Connecticut).

Merrimack.

Mill (see Connecticut).

Miller's.

Nashua.

Neponset.

Quaboag (see Chicopee).

Quinebaug.

Seven Mile (see Chicopee).

Shawsheen (see Merrimack).

Sudbury (see Concord).

Swift (see Chicopee).

Taunton.

Ten Mile.

Ware (see Chicopee).

Westfield.

BLACKSTONE RIVER.

The Blackstone River is formed by the junction of Kettle and Mill brooks

in the southerly part of the city of Worcester, and flows in a south-easterly

direction into the State of Rhode Island.

There are numerous factories on the stream and its tributaries, using the

water for power purposes ; and the water-shed contains many large ponds

and reservoirs used for storage purposes, so that the flow of the stream is

well maintained during dry weather.

The following tables give statistics in regard to the drainage areas and

the population on them at various points :
—

Distance
Above

State Line
(Miles).

Drainage
Area

(Square
Miles).

Population

Drainage
Area.

Population
per

Square
Mile.

Bstimated
Population dis-

charging
Sewage or

Sewage Effluent
into River.

Below WorceBter sewage purification worljs,

Dam of Cordis Manufacturing Company,
Millbury.

Dam of Calumet "Woolen Company, Ux-
bridge.

Dam at MiUville, '

.

Dam of Blackstone Manufacturing Com-
pany.

State line,

24.8

22.3

10.4

3.5

1.0

0.0

77.9

145.9

258.1

260.3

363.8

122,300

126,400

137,500

151,100

154,400

164,800

1,760

1,625

943

587

593

454

124,000

124,800

126,000

129,600

131,100



336 STATE BOARD OF HEALTH. [Pub. Doc.

CUies and Towns, considerable Porlions of which are within the Water-shed of

Blackstone River.

LOCALITT.
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chiefly of spent dyes and water used for washing cloth, which discolor the

stream and make it offensive both to sight and smell.

At Jamesville in the city of Worcester, just below Cherry Valley, there

is a large woolen mill, wastes from which are discharged into the stream
;

and at Stoneville and Pondville, two villages in the town of Auburn, there

are woolen mills employing about 235 persons, all of the manufacturing

wastes and the sewage from about 100 operatives being discharged directly

into the stream.

Between Cherry Valley and the point where it re-enters the city of

Worcester the brook flows through several large mill ponds, and the

appearance of the water is very much improved.

In the south-westerly portion of Worcester the stream receives the wastes

from two woolen mills and from a large bleachery and dye works, and the

sewage from about 185 persons employed in these factories. Below this

point the water is again badly discolored, and otherwise objectionable.

About a mile above its junction with Mill Brook, Kettle Brook receives

the sewage and wastes from a carpet factory, where great quantities of

wool are scoured, and large quantities of wastes from this process, and

from dyeing and washing, are discharged into the stream. Arrangements

are now being made for connecting this factory with the city sewers, by

which all of the sewage proper and the worst portion of the manufacturing

wastes will be removed. Below the carpet factory the city is building a

walled channel to contain the brook, which for the remainder of its course

is exceedingly foul.

Mill Brook, which unites with Kettle Brook at Quinsigaraond Village,

flows through the central portion of the city of Worcester, and throughout

much of its course is contained within a covered channel, which until

recently received practically all of the sewage of the city of Worcester;

and the dry-weather flow of the brook, including the sewage, was conveyed

to the precipitation works of the city of Worcester, where it was treated

with chemicals before being discharged into the Blackstone River.

The city of Worcester contained in 1900 a population of 118,421, and

the estimated population in 1902 is 126,000. Practically all of the city is

served by sewers which are built on the combined plan. The sewers also

receive large quantities of manufacturing wastes from the many mills in

the city. By an act of the Legislature, in 1886, the city was directed to

purify its sewage before discharging it into the Blackstone River ; and purifi-

cation works were constructed about a mile below the point where the Mill

Brook channel discharges into the river, for the purification of the sewage

by chemical precipitation. The precipitation works are capable of treating

the dry-weather flow of Mill Brook, including the sewage of the city ; but

at times of storms or melting snow a considerable portion of the flow of the

brook has been discharg-ed into the river without treatment.
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The quantity of organic matter removed from the sewage by chemical

precipitation and sedimentation as practised at Worcester amounts to about

50 per cent, of that present in the sewage, so that even when all of the

sewage is being treated, an enormous quantity of organic matter is still

discharged into the Blackstone River. In order to provide for the further

treatment of the sewage, and to facilitate this by reducing the quantity of

sewage to be treated, the separate system of sewerage is being introduced

and intercepting sewers are being constructed to divert the dry-weather flow

of sewage from Mill Brook and convey it to the purification works, the Mill

Brook channel being retained to carry the natural flow of the brook and the

excess of flow in the intercepting sewers at times of storm directly to the

Blackstone River.

At the present time, in addition to the precipitation works, there are

about 10 acres of filter beds, on which a portion of the effluent from the

precipitation works is discharged. Additional filter beds are now being

constructed. During the year 1902, 12,500,000 gallons of sewage per day
were treated at the purification works ; and the accompanying table, taken

from the report of the superintendent of sewers of the city of Worcester

for the year ending Nov. 30, 1902, shows the purification effected during

each month of the year :
—

Combined Results of Sewage Treatment.— Monthly Averages of
Weekly Analyses of Daily Samples.

[Parts per 100,000.]

Date of Collection.

Sewage, December, 1901,
Effluent, December, 1901,
Per cent, removed, .

Sewage, January, 1902,
Effluent, .lanuary, 1902,
Per cent, removed, .

Sewage, February, 1902,
Effluent, February, 1902,
Per cent, removed, .

Sewage, March, 1902,
Effluent, March, 1902,
Per cent, removed.

Sewage, April, 1902,
Effluent, April, 1902,
Per cent removed.

Sewage, May, 1902,
Effluent, May, 1902,

Per cent, removed.

Sewage, June, 1902,
Effluent, June, 1902,

Per cent, removed,

1.470
1.312
10.75

1.717
1.348

21.49

2.528
1.945

23.06

1.256
1.083

13.77

1.535
1.249

18.67

2.302
1.750

23.97

2.431
2.113
13.08

ALBDMINOID.

Total. Dissolved,

.674

.327

51.47

.703

.300

57.32

.895

.445

50.28

.571

.332
41.86

.501

.301

39.92

.769

.354
53.96

.941

.408
56.63

.196

.327
—66.83

.232

.300
—29.31

.843

.381
—11.08

.186

.202
—8.60

.175

..250
—42.86

.247

.299
—21.05

.250

.386
—.14.41

Sus-
pended.

.478

.000
100.00

.471

.000
100.00

.552

.064
88.41

.385

.130
66.22

.326

.051
84.36

.522

.055
89.46

.691

.022
96.81

OXTGKN
Consumed.

Un-
flltered.

9.43
3.86
59.07

10.26
3.70
63.95

12.63
5.72

54.71

8.29
3.61
56.44

9.67
3.95
59.16

11.1.3

4.50
59.60

13.27
4.37
67.07

7.23
3.52
51.33

7.28
3.47
52.34

7.70
4.72

38.70

5.18
2.91
43.82

6.16
3.06

50.32

6.97
4.10

41.18

8.28
3.95

52.30

5.64
5.68

6.26
6.19

7.44
7.55

7.20
5.78

6.51
6.16

8.77
8.46

10.12
10.29

Average
Flow per
Day

in Million
Gallons.

12.40

10.38
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Combined Results of Seavage Treatment.— Monthly Averages of

Weekly Analyses of Daily Samples — Concluded.

[Parts per 100,000.]
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ing 175 persons, from which the sewage is discharged into the stream. The
river is joined at this point by the Quinsigaraond River, on which there are

several mills within the town of Grafton, the principal wastes being from a

flax mill and a shoe shop. None of the sewage from these mills is dis-

charged directly into the stream. The effect of the purer water of the

Qainsigamond River upon the water of the Blackstone River is very notice-

able, and the condition of the river below Saundersville is much less objec-

tionable than it is above that village.

Just below the junction of the Quinsigaraond and Blackstone rivers, at

Fisherville, in the town of Grafton, there is a large cotton mill employing

from 400 to 500 persons, the sewage from which overflows from a cess-

pool into the river, but no manufacturing wastes are discharged into the

stream.

At Rochdale, in the town of Northbridge, there is a cotton mill employ-

ing 600 persons, but no considerable quantities of sewage or wastes are

discharged into the river at this point.

At Riverdale, in Northbridge, the river receives sewage and large quan-

tities of wastes from a shoddy mill employing 60 persons.

At Uxbridge, the Calumet Woolen Company's mills discharge the sewage

from 385 persons, and wastes from scouring 6,000 pounds of wool daily

and from washing and dyeing the finished product, into the stream.

A short distance below the Calumet Woolen Mills the river is joined from

the west by the Mumford River, which flows through the village of Man-
chaug in the town of Sutton, the town of Douglas, and the villages of

Whitinsville and Linwood in the town of Northbridge. In Manchaug and

Douglas there are three factories, employing together about 1,000 persons,

nearly all of the sewage being discharged into the stream. The Manchaug
mill is a cotton mill employing over 500 persons, and those in Douglas are

a tool factory and a woolen mill. At the cotton mill and the tool factory

there are no wastes discharged into the river ; but at the woolen mill a

small quantity of wool is scoured, and the wastes from this, together with

the wastes from washing and dyeing the finished product, are discharged into

the river.

At Whitinsville the Mumford River receives a small quantity of wastes

from large machine works and from a cotton mill. The village of Whitins-

ville contains a large population and is provided with a water supply, but

it is as yet unprovided with a complete sewerage system. Sewers have

been constructed which receive the sink drainage from a large proportion of

the houses, and discharge directly into the river, and there are a few water-

closets in dwelling-houses and in the factories which discharge directly into

the river. Plans have been prepared for the sewerage of this village, the

sewage to be purified by sand filtration. The Mumford River below Whit-

insville is quite noticeably polluted.
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In Uxbridge the Mumford River receives the sewage and wastes from

three mills, employing about 175 persons, the wastes consisting of wool-

scouring liquor, spent dyes and water used for washing cloth.

Just below the junction of the Mumford River with the Blackstone there

is a large tributary known as the West River, on which, in the village of

Wheelock, is situated a mill employing about 60 persons, the sewage and

wastes from which are discharged directly into the river. The wastes from

this mill consist of water used for washing cloth and for fulling.

A small tributary enters the river just below the West River, on which is

a satinet mill, which discharges the sewage from 75 operatives and the

water used for washing cloth and for fulling cloth into the stream.

In the town of Blackstone there are two large cotton factories, one situ-

ated in the village of Millville, employing 100 persons, and the other in the

village of Blackstone, employing 460 persons, and a rubber factory in the

village of Millville, employing 750 persons, the sewage from which, together

with a comparatively small quantity of manufacturing waste, is discharged

into the river. The town of Blackstone is not provided with a sewerage

system, but a large quantity of sink drainage and considerable sewage is

discharged into the river through private sewers.

The character of the Blackstone River is well shown by the table of

averages of chemical analyses which follows. It will be seen that the river

below Worcester contains about as much organic matter as the sewage

flowing from some sewerage systems, but the character of the water im-

proves considerably^, due chiefly to sedimentation and dilution. When it

reaches the State line at Blackstone, however, it is still highly polluted, and

has an objectionable odor in the drier portion of the year.

The Blackstone River is joined in Rhode Island, a short distance below

the State line, by Mill River, the drainage area of which is 33.7 square

miles, chiefly in Massachusetts. The only serious sources of pollution

upon it are in the town of Hopedale, 10 miles above its mouth.

Hopedale had in 1900 a population of 2,087. It is provided with a sys-

tem of separate sewers, the sewage being collected in a tank and pumped to

the filter beds. A considerable portion of the sewage, however, is at times

discharged from the tank directly into the river.

Besides the sewage, the river receives at Hopedale a large amount of

acid wastes from a factory where cotton machinery is manufactured. The
river below the village is at times verj^ noticeably polluted.
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Chemical Examination of Water from the Blackstone River — Aver-

ages FOR Six Months, from June to November, 1887 to 1902, inclusive.

Blackstone River, between Mill Brook Channel and the Sewage Precipitation Works

of the City of Worcester.

[Parts per 100,000.]
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Chemical Examination of Water from the Blackstone River, etc. —
Concluded,

Blackstone River, at Uxbridge.

[PartB per 100,000.]
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CHARLES RIVER.

The Charles River rises in the town of Milford, and flows in a generally

north-easterly direction, discharging into Boston harbor. Throughout the

upper and lower portions of its course the river has considerable fall, much
of which is utilized to furnish power for factories ; but there are stretches

of many miles through the central portion of its course where the stream

flows through extensive meadows with a sluggish current.

At Dedham a portion of the flow, amounting ordinarily to about one-third

of the total flow at that point, is diverted into the Neponset River through

the Mother Brook channel. Water for the supply of the towns of Dedham
and Brookline and the cities of Newton, Waltham and Cambridge is taken

from the water-shed of the Charles River, and much of it is not returned to

the river, as in all these places the sewage is taken out of the water-shed.

The following tables give data relating to the drainage areas at the vari-

ous places, and the populations upon them :
—

Locality.
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Cities and Towns, Considekable Portions of which are within the
Water-shed of the Charles River— Coyicluded.

CiTT OR Town.
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water is flowing in the river, all of the water being diverted from the mill

pond above, through a canal and tail-race. This outlet has given so much

trouble that a settling tank was constructed through which the sewage was

to pass before being discharged into the river, and a pipe was laid to carry

the dry-weather flow of sewage to another outlet into the river below the

tail-race. The pipe through which the dry-weather flow of sewage was to

be carried has become broken, and the sewage is still discharged at the old

outlet, causing a great nuisance in the vicinity.

The lower outlet is at a highway bridge near a large factory, about a

quarter of a mile below the upper outlet, and the conditions about this out-

let also are very objectionable. A tank has been constructed on the line

of the main sewer, through which the sewage is passed for the purpose of

removing a portion of the solid matter, but it is not operated in such a

manner as to have any noticeable effect on the character of the sewage

discharged into the stream.

The Charles River for a distance below Milford is exceedingly foul, but

it flows through a territory which, except immediately below the outlet, is

sparsely inhabited, and at Bellingham, five miles below the sewer outlet,

the condition of the river is very much improved.

In Bellingham there is a small shoddy mill, the sewage from which goes

into the river, but no liquid wastes are produced. At North Bellingham,

about 2^ miles below Bellingham, there is a woolen mill employing about

140 persons, sewage from which is discharged into the river, together with

wastes from dyeing and from the washing and fulling of cloth. At Carey-

ville in the town of Bellingham, near the Medway line, there is a large

satinet and cashmere mill employing about 190 persons, sewage and wastes

from which are all discharged into the river.

At Medway there is a small woolen mill employing 85 persons, from

which sewage and wastes, consisting of wool-scouring liquor, spent dyes

and water used for washing the goods, are discharged into the river.

Mine Brook, which enters the Charles River at Medway, drains the

westerly section of the town of Franklin. On this brook there are eight

factories, including five woolen mills, wastes from which, together with the

sewage from 415 operatives, are discharged into the stream. Mine Brook

below Franklin is exceedingly foul, and at times the water is almost

opaque. The water supply of Franklin is taken in part from Beaver Pond,

a tributary of Mine Brook, and at times of high water the water of Mine

Brook flows into the pond.

In the village of Rockville in Millis, the next town below Medway, the

river receives sewage and a small amount of waste from a felt mill employ-

ing 35 persons. Just above Rockville the Charles River receives the flow

of Mill River, a branch which rises in Wrentham and drains sections of

that town and of Franklin and Norfolk. This stream receives the effluent

from the sewage purification works at Franklin.
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The town of Franklin had in 1900 a population of 5,017. It is situated

between Mine Brook, which enters the Charles River at West Medway, and

Mill River, which enters it about o miles below Mine Brook. The princi-

pal factories from which large quantities of wastes are discharged are on

the water-shed of Mine Brook, but the sewage of the town is disposed of in

the water-shed of the other stream.

The sewage from a small section of the village is conveyed to purification

works, which consist of sand filter beds ; but the sewage is discharged

upon the beds continuously, and the beds receive little care and the sew-

age is very imperfectly purified. The quantity of sewage treated at the

works amounts to about 5,000 gallons per day. There is considerable

unpurified sewage which enters Mill River both from factories and from

dwelling houses through private sewers, and there is a considerable quantity

of manufacturing waste from a felt mill and a hat factory, which discolors

the water.

Mill River also receives sewage and wastes from a felt mill and a paper

mill, and sewage from a shoddy mill, employing together about 115 per-

sons, all of which are within the town of Norfolk.

About 4 miles below Rockville the Charles River is joined by Stop

River, which flows through a portion of the town of Norfolk, and on which

are located a paper mill employing 13 persons and a shoddy mill employing

about 25 persons, the sewage and wastes from which are discharged into

the river.

In Medfield the river receives the effluent from the sewage purification

works of the town.

The town of Medfield had in 1900 a population of 2,926, and a portion

of the main village, including a large straw shop, is provided with sewers,

the sewage being purified by intermittent filtration on prepared beds of

sand. The sewage consists chiefly of wastes from the straw shop, and the

quantity purified amounts to about 90,000 gallons per day. The numerous
examinations which have been made indicate that the sewage is very

thoroughly purified.

In the upper portion of Boggistere Brook in Holliston the sewage and
wastes from a woolen mill employing 60 persons are discharged into the

stream. At this factory no wool is scoured, but cloth is washed and dyed.
At South Natick the river receives a small amount of sewage from the

electric light station
; and at Charles River Village in Needham, four miles

below South Natick, there is a paper mill, which is not at the present time
in operation.

Between Charles River Village and Newton Upper P'alls there are no
factories, and the river has but very little fall throughout most of its course,

being bordered through much of the distance by extensive meadows. At
Newton Upper Falls and Newton Lower Falls there are two shoddy mills,

a paper mill, a silk mill, a glue works and a machine shop, from all of which



348 STATE BOARD OF HEALTH. [Pub. Doc.

wastes are discharged into the stream, the most objectionable waste appar-

ently coming from the silk mill and from the shoddy and paper mills. At

these factories also the sewage from about 450 persons is discharged into

the stream. In the immediate vicinity of several of these factories the

river is noticeably polluted at times of low flow.

In Waltham the river receives a small amount of waste from a watch

factory and from a cotton mill, and considerable waste from a bleachery.

The sewage from the operatives at these mills is taken into the city

sewers.

At Watertown a portion of the wastes from a woolen mill and large

quantities of wastes from a paper mill and dye works are discharged into

the stream. Wastes from gas factories are discharged into the stream

at both Waltham and Watertown. Below Watertown the river is a tidal

stream.

Within the city of Boston the river receives sewage directly from about

1,000 persons, and in Boston and Cambridge it receives, at times of storm,

sewage rhixed with a certain amount of storm water from numerous over-

flows along the river and its tributaries. Stony Brook, a tributary which

drains a thickly populated section of Boston, also receives directly a con-

siderable quantity of sewage and the wastes from several breweries.*

As before stated, approximately one-third of the flow of the river is

diverted at Dedham into the Neponset River. The towns of Dedham,

Watertown and Brookline, and the cities of Newton, Waltham, Cambridge

and Boston, are provided with sewerage systems, the sewage, excepting a

portion which overflows at times of storm, being conveyed outside of the

water-shed. All of these places except Boston and Watertown are sup-

plied with water taken from the water-shed of the Charles River ; and, as

the sewage is removed from the water-shed, the flow of the river is some-

what reduced. The average daily quantity of water used by the cities and

towns taking water from the river was 15,000,000 gallons in 1902.

A special examination of the river at Milford and for several miles below

Milford was made during the summer of 1902, the results of which are

presented in the following table. The results of the analyses of samples

collected at various points during the months of low flow for several years

are also presented. It will be seen that the river below Milford is a foully

polluted stream, but the water of the river rapidly improves, and opposite

the Brookline and Newton pumping stations there is but little evidence of

pollution. The river in the lower portion of its course, except at those

places in the immediate vicinity of certain factories, from which manufac-

turing wastes are discharged into the stream, is entirely unobjectionable to

sight and smell.

* See pageB 290 and 310.
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Special Examination of Charles River, near Milford, Jdly 10 and 11,1

[Parts per 100,000.]

•J02.

DAT Sample.

li

Charlea River, above eewer outlets, Milford,

Main Street sewer outlet, , . . .

Central Street sewer outlet, ....
Charles River, J mile below Central Street,

Charles River, 1 mile below Central Street,

Charles River, 2 miles below Central Street,

Charles River, 3 miles bolow Central Street (out
let of pond at South Milford).

Charles River, 5 miles below Milford,

.
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.0098

.0420 .31

.5500 27.7

.8800 6.50!
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13.5

i
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) 38.2

1

S
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( 100.0 1

(
67.7

I

91. Oi

Night Sample.

o 2

1.2100



350 STATE BOARD OF HEALTH. [Pub. Doc.

Chemical' Examination of Water fkom the Charles River —Averages
FOR Six Months, from June to November, inclusive — Concluded.

Charles River., at BeLlinghani.

[Parts per 100,000.]
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CHICOPEE RIVER.

The Chicopee River is formed by the junction of the Swift, Ware and

Quaboag rivers below Palmer, whence it flows in a westerly direction, and

discharges into the Connecticut River a short distance above Springfield.

The following tables give statistics in regard to the drainage areas and

populations upon them at various places :
—

Locality.
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Cities and Toavns, Considerable Portions of which are avithin the
Water-shed of the Chicopee River— Concluded.

CiTT OR Town.
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B^rre the river receives wastes and sewage from a large cotton factory

where 300 persons are employed, and the sewage from several smaller fac-

tories. At Rutland a satinet mill employing fio persons discharges sewage

and wastes into Long Meadow brook, a small tribat,ary of the Ware River.

At the village of Gilbertville in the town of Hardwick there is a large

woolen mill employing 825 persons, in which about 90,000 pounds of wool

are scoured each week, the wastes from which, together with the wastes

from dyeing and washing, are discharged directly into the river. A paper

mill employing about 140 persons also discharges large quantities of wastes

into the stream, and the sewage from the operatives in both these factories,

together with the sewage from 250 tenement houses, is discharged in an

unpurified state into the river.

The town of Ware is about 4 miles below Gilbertville. This town had in

1900 a population of 8,263, and is provided with a complete sewerage sys-

tem, practically all of the sewage being discharged into the Ware River

just below the thickly settled portion of the village. The shore and bed of

the river in the immediate vicinity of the main outlet is in a very objectionable

condition, but there is no population near the outlet or near the stream for a

long distance below. A small quantity of sewage is discharged from an out-

let on the opposite side of the river, but the conditions about this outlet are

not objectionable. In addition to the sewage discharged into the stream

from the sewers, sewage and wastes from a cotton mill employing 1,900

persons, a cotton and woolen mill employing 250 persons and a woolen

mill employing 325 persons are discharged directly into the river. At the

cotton and woolen mill about 8,000 pounds of wool are scoured each week.

Below Ware the river flows through the village of Thorndike in Palmer,

where it receives sewage and wastes from two cotton mills employing about

600 persons, and the sewage from a few houses.

The water of the Ware River above Gilbertville is not noticeably polluted.

Immediately below Gilbertville the water is objectionable in appearance, on

account of the large quantity of sewage and wastes which enter it at that

place ; and at Ware, in the vicinity of the mills and immediately below the

sewer outlet, it is very decidedly polluted at times of dry weather. Below

the Ware sewer outlets the water quickly loses its polluted appearance, and

when it reaches its mouth the effect of the sewage pollution upon the

appearance or odor of the stream is not noticeable.

The Quaboag River, the most southerly of the branches of the Chicopee,

rises in the town of Spencer, and throughout its course is used largely for

manufacturing purposes. There are numerous ponds and storage reser-

voirs which are used to equalize the flow of the stream, so that the flow is

well maintained in dry weather.

The first sources of pollution of the river are in Spencer, near the head

waters. A small brook tributary to the Seven Mile River, which is one of

the main tributaries of the Quaboag, flows near the central section of the
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village of Spencer, and receives a large quantity of refuse from the fac-

tories along its course. On this stream are located three woolen mills, a

yeast factory and gas works, from all of which sewage and wastes have

been discharged, until recently, into the stream. A connection has recently

been made with the town sewer, so that the wastes from the yeast factory

are now disposed of with the sewage of the town, and thus one of the chief

sources of pollution has been removed from the brook, but the brook is still

very foully polluted.

The Seven Mile River below the village receives sewage and sewage
effluent from the Spencer sewerage system. The town of Spencer had a

population in 1900 of 7,627, and about 3,000 persons are served by a sys-

tem of sewers, the sewage from which is purified upon sand filter beds.

The quantity of sewage treated on these beds varies greatly at different

seasons of the year, owing to the large quantity of ground and surface

water which enters the sewers at times of storm or when the level of the

ground water is high. The ordinary dry-weather flow of sewage is about

375,000 gallons per day. Although the filter beds are fully capable of

purifying all of the sewage, unpurified sewage is at times discharged

directly into the river from the main sewer. A system of sewers which

serves a few houses in another section of the town also discharges directly

into the river.

Just below Spencer the river is joined by a small brook, on which are

located five wire factories employing together about 85 persons, the sewage
from which is all discharged into the brook, together with a small quantity

of acid wastes. There is also a satinet mill on the stream about a mile

below Spencer, from which the sewage from 30 persons and a small quan-

tity of wastes are discharged.

At East Brookfield there are two woolen mills employing 150 persons,

from which sewage and wastes are discharged into the stream, but no wool
is scoured in either of these places. The river is used at East Brookfield

as an auxiliary source of water supply for the town of Brookfield, at times

when there is a shortage of water in the permanent source of supply.

A creamery is located at West Brookfield, from which offensive wastes

are discharged into a ditch leading to the river.

At Warren in the villages of Warren aud West Warren there are four

cotton mills employing over 900 persons, sewage from which, together with

a small quantity of manufacturing wastes, consisting chiefly of spent dyes,

is discharged into the river. There is also a woolen mill employing 300

persons, from which sewage and wastes are discharged into the stream, but

no wool is scoured. Sewage from a firearms factory employing 75 persons

is discharged into the stream at this place.

In the upper portion of Palmer a small shoddy mill employing 12 persons

discharges sewage and wastes into the river. A short distance below this
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mill a branch known as Chicopee Brook enters the river from the south,

on which is the village of Monson, where there are six woolen mills em-

ploying 435 persons and a straw goods factory employing 300 persons,

sewage from all of which is discharged into the stream, together with a

considerable amount of manufacturing wastes, consisting chiefly of spent

dyes and wool-scouring liquor, making this stream objectionable at limes

in appearance and odor.

Below its junction with Chicopee Brook in Palmer the river receives dye

wastes and the sewage from a woolen mill employing 45 persons, also sewage

and acid wastes from a wire factory employing 100 persons.

The river also receives at Palmer a small quantity of sewage from the

town sewers. The population of Palmer in 1900 was 7,801. A small sec-

tion of the village is provided with sewers, which receive both sewage and

storm water and discharge into the river at two points. The upper outlet

is into an open ditch, through which the sewage flows for a distance of

about 350 feet to the river, entering the river near a highway bridge. The

open ditch begins near several buildings and runs along the edge of a high-

way, and at times when the flow of sewage has been obstructed the ditch

has been the cause of serious complaint. The sewer is now being extended

to the river. The river below the outlet is not noticeably affected by the

discharge of sewage into it at this point. The lower outlet is just below

the Boston & Albany Railway bridge, and is at a considerable distance

from any population. This outlet is unobjectionable, and the sewage in

the river is noticeable for only a short distance below.

The Quaboag River is not polluted to such an extent as to be objection-

able in appearance or odor, except in the immediate vicinity of the sources

of pollution, in any portion of its course.

Immediately below the junction of the Ware, Swift and Quaboag rivers,

at the village of Three Rivers, there is a cotton factory employing 775 per-

sons, from which all of the sewage and a small quantity of dye wastes are

discharged into the river.

The next source of pollution of the Chicopee River is at Wilbraham,

where wastes and sewage from a writing-paper factory employing 250 per

sons are discharged into the river.

At Ludlow the sewage from a factory employing 1,750 persons is dis-

charged into the river, but very little manufacturing waste enters the stream

at this point. The village of Ludlow is provided with a system of sewers

having five outlets into the river. The total population connected with the

sewers discharging into the river is about 2,000, and the outlets are so lo-

cated and constructed that they are not offensive.

At Indian Orchard in the city of Springfield, about a mile below Ludlow,

there are eight factories employing nearly 700 persons, sewage from all of

which is discharged directly into the river, together with a small amount of
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manufacturing waste consisting chiefly of spent dyes. At this place the

river receives the sewage from a combined system of sewers serving about

1,500 persons in the village of Indian Orchard. The sewers all discharge

through one main outlet located below the village, and at the time it was

examined the outlet was not offensive, although sewage was observable in

the river for some distance below.

In Chicopee the river receives the sewage of the principal portions of the

city, together with manufacturing wastes from a large number of factories

in Chicopee and Chicopee Falls. The population of Chicopee in 1900 was

19,167. The city is very thoroughly sewered, a large proportion of the

sewage entering the Chicopee River, although there are some sewers which

discharge into the Connecticut River.

At Chicopee Falls, the upper village, there are two principal outlets, the

upper of which is into a mill pond a short distance above a dam. This

outlet was formerly located immediately below the dam, at a place where

at times there was no flow, the water being held back by the dam above.

This condition created such a nuisance that the outlet was changed to a

point just above the dam, since which time there has been no trouble.

The second outlet is into the river, just below the thickly built up portion

of the village. This outlet is at a considerable distance from any houses,

but sewage is plainly evident along the edge of the river for a long distance

below. There is one small outlet between Chicopee Falls and Chicopee

which is unobjectionable.

The sewage of the lower village of Chicopee is discharged through two

outlets, the upper of which is a very small one, and causes no trouble.

The lower outlet, which is the principal one, is near the moUth of the river

where there is ordinarily very little current, and at times the water of the

river for a considerable distance is affected by sewage.

The factories in Chicopee employ about 4,500 persons, all of the sewage

being discharged into the river. The principal manufacturing wastes which

tend to pollute the river are wool-scouring liquor from a small woolen mill,

a small amount of paper wastes and spent dyes.

The Chicopee River below the junction of its three princii)al tributaries

is not affected to any noticeable extent by the sewage and manufacturing

wastes discharged into it, except in the city of Chicopee, where the dis-

charge of a large quantity of sewage at the main sewer outlet causes an

objectionable odor in the vicinity.

Special examinations have been made of the river and its branches, the

results of which are given in the tables which follow, together with the

average results of analyses of samples collected at various points.
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Special Examination of Ware River in the Vicinity of Wake,
Aug. 18 and 19, 1902.

[Parts per 100,000.]
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Chemical Examination of Water from the Chicopee River and its

Tributaries.— Averages for Six Months, from June to November,
inclusive.

Ware River, at Barre.

[Parts per 100,000.]
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Chemical Examination of Watek from the Chicopee River and its

Tributaries. — Averages for Six Months, from June to November,

inclusive— Concluded.

Chicopee River, below Ludlow.

[Parts per 100,000.]
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Cities and Towns, Considerable Portioxs of which are within the
Watek-shed ok the Concord Hiver.

City ob Town.

S S ? » >

tj s /; cs ^

Manufactories discharging
Wastes into River.

Hopkinton,

Soulhborough

Marlborough,

Ashland,

Framingbam,

Nattck, .

Sudbury,

Wayland,

Westborough

Shrewsbury,

Norlhboruugh

Berlin, .

Hudson,

Bolton, .

Stow,

Maynard,

Boxborough

Acton, .

Concord,

•Carlisle,

.

Billerica,

Chelmsford,

Littleton,

Lowell, .

2,623

1,921

13,609

1,525

11,302

9.488

1,150

2,303

5,400

1,626

2,164

1,003

5,454

770

1,002

3,142

316

2,120

5,652

480

2,775

3,984

1,179

94,969

None.
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about 350 persons, in which about 50,000 pounds of wool are scoured

weekly, and large quantities of water used for washing and dyeing are

discharged into the river, greatly polluting the stream. The river also

receives at this place the sewage from a considerable population, although

the village has no general sewerage system.

Bannister Brook, which receives the effluent from the sewage purification

areas of the towns of Framingham and Natick, enters the river at Saxon-

ville. This stream, which also receives water which may overflow or be

wasted from Lake Cochituate, is sometimes seriously polluted by crude or

partially purified sewage from the Natick sewage disposal area.

The town of Framingham had in 1900 a population of 11,302. That por-

tion of the town included in the village of South Framingham, which contains

probably about half of the population of the town, is provided with sewers,

the sewage being collected at a pumping station and pumped to filter beds.

The sewage from the Reformatory Prison for TVomen at Sherborn is also

taken into this system. The average daily quantity of sewage pumped

amounted in 1902 to about 580,000 gallons per day. All of the sewage

collected in the sewerage system is treated on the filter beds, and numerous

examinations have shown that the sewage is very thoroughly purified before

it enters Bannister Brook, which conveys the effluent to the Sudbury River.

The town of Natick had in 1900 a population of 9,488. The town drains

naturally into Lake Cochituate, one of the tributaries of the Sudbury River,

which is used as a source of water supply for the metropolitan district.

The main village of Natick is very thoroughly sewered, the sewage being

pumped to a filtration area adjacent to the Framingham filtration area.

The average daily quantity of sewage pumped in 1902 amounted to 600,000

gallons. Although the area of land owned by the town is ample, the area

which has been prepared is insufficient for the large flow of sewage at times

when the flow is increased by leakage of ground water into the sewers

;

and the sewage passing through the filters is imperfectly purified, and at

times unpurified sewage has been discharged directly into Bannister Brook.

Below Saxonville the river flows through extensive meadows having a

very slight fall to its junction with the Assabet River. In this portion of

its course it receives no additional pollution except from the sewage-disposal

area at Marlborough, which is near the head waters of a tributary which

enters the river at Wayland.

The city of Marlborough had in 1900 a population of 13,609, and is very

thoroughly sewered, a large proportion of the houses being connected with

the sewers. A large section of the city is within the water-shed of the

Sudbury River, above the point where it is diverted for the water supply

of the metropolitan district ; but the filtration area is outside of this water-

shed and on the water-shed of a tributary of the Sudbury River which enters

it at Wayland.
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The average quantity of sewage received at the filtration area during the

year 1902 was 650,000 gallons per day. The filtration area is inadequate

to purify the sewage at times of high flow, and at such times large quanti-

ties of unpurified sewage are discharged into the brook, and some of the

sewage which is treated on the filter beds is imperfectly purified.

Above the mills at Saxonville the water of the Sudbury River is of good

quality ; but below the mills, where it passes through a densely populated

section of the village, it is very foul and exceedingly offensive, especially

at times of low flow and when no water is passing the dam. As the water

passes through the extensive meadows it becomes purified and diluted to

such an extent that when it has passed Wayland, about 7 miles below

Saxonville, the pollution cannot be detected by observation.

The Assabet River, the other branch of the Concord, rises in West-

borough, not far from the head waters of the Sudbury River. In West-

borough the river receives the eflOiuent from the sewage purification works of

that town. The population of Westborough in 1900 was 5,400. A sewer-

age system was constructed in 1892, which serves practically the whole of

the main village, a considerable portion of which naturally drains into the

Sudbury River ; but the sewage is conveyed to a filtration area near the

Assabet River, where it is purified on sand filter beds, the eflSuent flowing

into the river. The quantity of sewage purified amounts to about 250,000

gallons per day, and, although the purification works are not operated in

such a manner as to secure the best results, the effluent does not have a

visible effect upon the water of the river.

At Northborough the river receives sewage from four factories employ-

ing about 240 persons, and wool-scouring wastes and spent dyes from a

factory where cashmere is made. The river also receives, through a tribu-

tary which enters it at Northborough, the sewage eflfluent, and at times a

small quantity of unpurified sewage, from the Westborough Insane Hospi-

tal, which has a population of about 1,000.

At Hudson, the next town through which the river passes, sewage from

eight factories employing about 1,275 persons is discharged directly into

the river, and large quantities of wastes from a tannery and a woolen mill

are discharged into the stream.

The town of Hudson had in 1900 a population of 5,454. The town has

no complete sj'stem of sewerage, but there are numerous sewers or storm-

water drains, which receive the sewage from the thickly built up portion of

the village, and discharge directly into the river. Plans have been pre-

pared for the construction of a system of sewerage, and for the purification

of the sewage upon sand filter beds to be located near the Assabet River

below the village.

At Stow, 3 miles below Hudson, there is a woolen mill employing 90

persons, in which about 12,000 pounds of wool are scoured each week, and

all of the sewage and wastes are discharged directly into the stream.
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At Maynard, 5.5 miles below Stow and 7.5 miles above the junction of

the Assabet and Sudbury rivers, there is a large woolen mill employing

about 2,300 persons. Sewage from the operatives and wastes from scouring

about 70,000 pounds of wool per week, together with the wastes from the

dye house and from washing cloth, are discharged directly into the stream.

Besides the sewage which enters the river from the factory, there are sev-

eral houses connected with small sewers which discharge into the stream.

A small section of the town, containing about 100 houses which have been

recently erected, is provided with a sewerage system, the sewage being

pumped to sand filter beds, where it is purified. A population of about

500 is served by these sewers.

The American Powder Company, situated a short distance below May-
nard, employs about 50 persons, and the sewage from some of them is dis-

charged into the river. No manufacturing wastes are produced here.

At Concord Junction the river receives sewage from a harness factory

employing about 160 persons, but no manufacturing wastes are produced.

Just below the harness factory the river receives the flow of Fort Pond
Brook, which flows through the village of South Acton, and at that place

receives sewage from three mills employing about 40 persons, and the

manufacturing wastes from a small shoddy mill.

The Massachusetts Reformatory at Concord Junction, which has a popu-
lation of about 1,200, discharges sewage upon land on the edge of the river,

and the effluent flows into the river. A small quantity of wool is scoured

at this institution, and the wastes from the wool-scouring processes are

discharged with the sewage upon land.

The Assabet River above Hudson is not a badly polluted stream, but the

sewage and wastes discharged into it at Hudson make it unsightly and
offensive at times. Immediately below Maynard the stream is very badly

polluted by the wool-scouring wastes, which make it offensive to sight and
smell, but its character improves from this place until it unites with the

Sudbury River at Concord.

The Concord River between the junction of the Assabet and the Sudbury
rivers and the village of North Billerica flows with a very sluggish current

through extensive meadows, and in this portion of its course receives no
additional pollution. The effluent from the Concord sewage purification

works enters the stream a short distance below Concord.

The town of Concord had in 1900 a population of 5,652. A sewerage
system was constructed in 1900, the sewage being pumped to a filtration

area below the town.. The average quantity of sewage pumped in 1902 was
312,000 gallons per day. All of the sewage conveyed to this area appears
to be thoroughly purified.

At North Billerica, 10.5 miles below Concord, the river receives the eflSu-

ent from the sewage purification works of that village. A sewerage system
was constructed in 1902, by which the sewage is conveyed to an area near
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the river below the village, where it is discharged on sand filter beds. At

this village there are two woolen mills employing about 450 persons, the

sewage from which is discharged directly into the stream. At one of these

mills large quantities of wool-scouring wastes, together with dye-house

wastes, are discharged into the river. At the other mill no wool is scoured,

and the only wastes are those from the dye house.

Below North Billerica the river flows through a portion of the city of

Lowell, and discharges into the Merrimack River.

In Lowell the Concord River receives a large quantity of sewage and

manufacturing wastes from two tanneries, two large woolen mills and vari-

ous smaller factories. Two large and several small sewers also discharge

into the river near its mouth. There are numerous dams and mill ponds

on the stream in Lowell, and the water has an objectionable appearance

near its mouth at times of low flow.

Special examinations have been made of the Concord River and of each

of its two branches, the results of which, together with the average results

of analyses of samples collected during the drier months for several years,

are given in the following tables :
—

Special Examination of Sudbury River, Feb. 27, 1901.

[Parts per 100,000.]

Source.
Free Albuminoid

Ammonia. Ammonia.

Below Saxonville,

At Stone bridge, 2.7 miles below Saxonville,

At Farm bridge, 6 miles below Saxonville,

At Canal bridge, Wayland,

At Heath's bridge. Concord, .

Near mouth, Concord, ....

.5040

.0940

.0172

.0244

.0142

.0144

.2720

.0940

.0206

.0214

.0250

.0284

1.11

1.68

.68

.65

.62

.59

Special Examination of Assabet River, Sept. 9, 1902.

Aesabet River, just below sewage puriflcalion works, Weslborongh,

Assabet River, at Milk Street, Westborough

Assabet River, at Main Street, Northborough

Cold Harbor Brook, at mouth, Northborough,

Assabet River, 2 miles below Northborough,

Assabet River, i mile above Washington Street, Hudson, .

Clye Brook, at Cottage Street, Hudson,

Clye Brook, at mouth, Hudson,

Bruce's mill pond, at outlet, Hudson,

Assabet River, IJ miles below Washington Street, Hudson,

.96

.60

.52

.27

.46

.42

.47

.58

.41

1.76
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Special Examination of Assabet River, Sept. 9, 1902 — Concluded.

[Parts per 100,000.]

Source.

Assabet River, 100 feet above entrance of Assabet Brook, Stow,

Assabet River, below Stow

Assabet River, \ mile below Summer Street, Maynard,

Assabet River, 500 feet above Main Street, Concord

Assabet River, 100 feet above entrance of Fort Pond Brook, Concord

Fort Pond Brook, at mouth, Concord,

Assabet River, at mouth, Concord

Chemical Examination of Water from the Concord River and its

Tributaries.— Averages for Six Months, from June to November,
inclusive.

Sudbury River, below Saxonville.

[Parts per 100,000.]
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Chemical Examination of Water from the Concord River and its

Tributaries.— Averages for Six Months, from June to November,
INCLUSIVE— Concluded.

Assabet River, below Hudson,

[Parts per 100,000.]

1898,

1899,

1900,

1901,

1902,
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In Massachusetts that portion of the water-shed west of the river has

steep slopes, but the water-shed east of the river is very much flatter and

contains large storage reservoirs, so that the flow of the streams which are

tributary from that side is much larger in dry weather in proportion to the

size of their water-shed than the flow from the west side. The river has

comparatively little fall in Massachusetts, the only falls which are utilized

beicg those at Turner's Falls and at Holyoke. The four principal tribu-

taries, the Deerfield, Miller's, Westfield and Chicopee rivers, are treated

separately in this report, and the description of each of these streams will

be found under the name of the stream.

The following tables give statistics in regard to drainage areas and the

population on them at various points :
—

LOCALITT.
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Principal Cities and Towns on the Connecticut River and its

Tributaries— Concluded.

City or Town.

Claremont, N. H.,

Springfield, Vt.,

Rockingham, Vt.,

Brattleborough, Vt.,

Keene, N. H., .

Gardner, .

Winchendon, .

Athol,

Orange, .

Deerfield,

.

Greenfield,

Montague,

Amherst, .

Northampton, .

Easthampton, .

South Hadley, .

Holyoke, .

Spencer, .

Brookfield,

North Brookfield, .

"Warren, .

Monson, .

Palmer,

Hardwick,

Ware,

Lndlow, .

Chicopee, .

West Springfield, .

Springfield,

Weetfield,

Population
in 1900.

6,498

3,432

5,809

6,640

9,165

10,813

5,001

r,061

5,520

1,969

7,927

6,150

5,028

18,643

5,603

4,526

45,712

7,627

3,062

4,587

4,417

3,402

7,801

3,203

8,263

3,536

19,167

7,105

62,059

12,310

Stream on
which

Located.

Sugar.

Black.

Connecticut.

Connecticut.

Ashnelot.

Miller's.

Miller's.

Miller's.

Miller's.

Deerfield.

Deerfield.

Connecticut.

Connecticut.

Mill.

Manhan.

Connecticut.

Connecticut.

Chicopee.

Chicopee.

Chicopee.

Chicopee.

Chicopee.

Chicopee.

Chicopee.

Chicopee.

Chicopee.

Chicopee.

Connecticut.

Connecticut.

Westfield.

Distance
above Massa-
chusetts and
Connecticut
State Line
(Miles).

129.7

115.7

103.4

77.6

91.4

96.7

92.1

76.5

69.5

53.2

52.0

46.0

32.0

24.5

25.5

15.9

15.9

55.3

48.8

50.8

42.4

34.5

30.5

46.0

38.6

18.5

10.6

6.0

5.7

16.0

Sewerage
System.

None.

General.

General.

General.*

Partial.

General.

General.

None.

General.

Partial.

General.*

General.

General.

Partial.

General.

General.*

None.

Partial.*

None.

None.

General.

Private
sewers.

General.

General.

General.

General.

General.

General.

* Sewage purification works in use.

Above the point where it enters Massachusetts the river receives com-
paratively little sewage, but there are numerous factories on the stream

and its tributaries from which sewage and manufacturing wastes are dis-
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charged. The water, however, gives very little indication of sewage pollu-

tion where the stream enters Massachusetts.

About 10 miles below the New Hampshire line the river is joined by

Miller's River, which enters it from the east, about four miles above

Turner's Falls. The water of this river is somewhat more polluted than

that of the Connecticut River, although the pollution is not noticeable at

its mouth.

At Turner's Falls there is a large number of mills employing together

about 1,600 persons, the sewage and manufacturing wastes from which are

all discharged into the Connecticut River. The principal wastes which

tend to pollute the water are those from three large paper mills. The sew-

age from the village of Turner's Falls is also discharged into the Con-

necticut River through an outlet situated on the edge of the stream at

some distance below the village. The outlet is above the low-water level

of the river, and might be objectionable at times, but there are no dwelling

houses within a considerable distance of it.

About 3 miles below Turner's Falls the river receives the flow from the

Deerfield River, on the west. This river receives very little pollution ex-

cept that from Gi'eenfield, which enters it near its mouth.

Below the Deerfield there are no important sources of pollution as far as

Fort River, which enters the Connecticut from the east, opposite the city

of Northampton. In this portion of its course the river receives storm

water and a very small amount of sewage at various places from the small

villages of Sunderland, South Deerfield and Hatfield ; but the quantity of

sewage discharged is so small in comparison to the flow of the stream that

its effect on the river is not noticeable except by analysis.

The town of Amherst, which had in 1900 a population of 5,028, is situ-

ated on Fort River, about 7 miles from its mouth. The town is provided

with a general sewerage system, which discharges at two outlets, the prin-

cipal one being into the head waters of Fort River. The sewage which is

discharged at this outlet is first passed through settling tanks, which re-

move a small portion of the solid matter. At the other outlet the sewage

is discharged on land, where it collects in pools from which it finds its way

more or less directly into a tributary of Fort River.

Mill River, one of the smaller tributaries of the Connecticut, rises in the

town of Williamsburg and flows through the cit}^ of Northampton, enter-

ing the Connecticut River just below that city, and about 7 miles above

Holyoke. The river has a rapid fall, and much of this fall is utilized for

manufacturing purposes. It has a water-shed of 55 square miles at its

mouth.

In the village of Williamsburg there are numerous private sewers, through

which practically all of the sewage of the buildings which are situated near

the river is discharged. There are also three small factories employing
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about 20 persons, sewage from which is discharged into the stream, but

no wastes are produced at these factories.

In the village of Haydenville in Williamsburg, about two miles below the

village of Williamsburg, there are two factories employing about 350 per-

sons, which discharge sewage into the river, and from one of them, a silk

mill, a small quantity of polluted wastes is discharged into the stream.

At the village of Leeds in the city of Northampton there are four facto-

ries employing 260 persons, discharging sewage into the river, and a small

quantity of waste is discharged from a large silk mill.

At Bay State, 2 miles below Leeds, the river receives sewage from about

850 persons employed in three factories, two of which are large silk facto-

ries, from which considerable quantities of wastes are discharged, and from
the third foul wastes from treating bones and bristles are discharged into

the stream.

In Northampton proper there are three factories employing about 480

persons, which discharge sewage into the river, but very little manufactur-

ing wastes are produced in these factories.

The city of Northampton had in 1900 a population of 18,643. The city

is provided with a sewerage system, which is built in part on the combined
plan, the sewage all being discharged into Mill River. There are two prin-

cipal outlets, the larger one on the easterly side of the river below the last

dam and below the thickly settled portion of the city, and a smaller outlet

directly opposite the first. Besides these outlets there are several storm-

water overflows at convenient points into the river, and there are several

small sewers which discharge sewage from a few houses into the river at

various places along its course through the city.

The river has a small water-shed in comparison to the sewage discharged

into it, and during much of the time the water is held back by the numer-

ous dams, so that the sewage forms a large proportion of the flow of the

stream below the sewer outlets. There is but a small population near the

sewer outlets and in the vicinity of Mill River below the outlets.

The river flows for a distance of about a mile from the sewer outlets to

the Connecticut River, and throughout this entire distance the water is very

foully polluted. Plans have been made for extending the main sewer to a

point in the Connecticut River a short distance above the mouth of Mill

River.

The discharge of large quantities of storm water through the storm water

overflows mingled with sewage, as at present, is objectionable on account

of the numerous mill ponds in the thickly built up section of the city, the

level of the water in which fluctuates considerably, leaving large areas of

the bottom exposed at times.

Just below Mill River enormous quantities of wastes from sulphite pulp

works are discharged into the river. These wastes carry with them a large



No. 34.] EFFECT OF SEWAGE DISPOSAL. 371

amount of pulp, which is deposited in the bed of the river in front of the

outlet, and at times of low water these deposits are exceedingly offensive.

The wastes mingle with the polluted waters of Mill River along the westerly

side of the Connecticut, and the odor is very offensive for 1,000 feet or

more.

Special examinations of Mill River and of the Connecticut River im-

mediately below Mill River have been made, the results of which are given

in the tables on pages 377 and 378.

A short distance below the outlet of the sewer from the sulphite pulp

works the Connecticut River is joined by the Manhan River, one of the

small tributaries from the west, draining an area between the water-sheds

•of the Westfield and Mill rivers.

The water of the upper portion of the Manhan River is used for the

water supply of the city of Holyoke, and during times of low flow in the

river all of the water from this portion of the water-shed is diverted from

the river.

The following table gives data in relation to the drainage areas and the

population on the drainage areas at various points :
—

LOCALITT.
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years, but during two years of this time the pond has been drawn off, so

that the sewage was discharged into a flowing stream. There is consid-

erable population all about the pond, and there is a large mill at its

outlet.

The water of the mill pond on Broad Brook is badly polluted,— suffi-

ciently so to be objectionable for use for manufacturing purposes by the

mills situated near the outlet of the pond, but Js not offensive in odor or

noticeably objectionable in appearance.

The Manhan River above the point where it is joined by Broad Brook re-

ceives sewage from a small population, discharged at two outlets, which

are located at a considerable distance from any population, and which ap-

pear to be unobjectionable.

Below Broad Brook the river flows for about a mile through an uninhab-

ited region to the Ox Bow on the Connecticut River, into which it dis-

charges. The Ox Bow was formerly the channel of the Connecticut River,

but a new channel was formed and one end of the Ox Bow was filled in, so

that there is no flow through it, and it is now a stagnant arm of the Con-

necticut River. The height of water fluctuates with the height in the Con-

necticut River, and at times when the water of the river is rising the water

flows from the river into the Ox Bow. A large pulp mill and a saw mill

are situated on the island formed by the Ox Bow ; and the Ox Bow is

used for the storage of logs, the entire surface of the water being at times

covered with logs, and much bark and waste material are thrown into the

water.

A special examination of Broad Brook and the Manhan River was made
on July 14 and 15, 1902, the results of which are given in the table on page

377.

The effect of the discharge of the highly polluted water of Mill River, the

wastes from the pulp mill and the Manhan River is not noticeable in the

Connecticut River a short distance below the sources of pollution on the

west side of the stream, as stated above.

The Holyoke dam is about 6.5 miles below the mouth of the Manhan
River. The city of Holyoke is situated on the westerly side and the vil-

lage of South Hadley Falls on the easterly side of the river at this point,

and from both of these places sewage and manufacturing wastes are dis-

charged into the river.

The sewers of Holyoke are built on the combined plan, the system of

carrying the sewage and storm water in the same pipes having grown up

gradually, as in many other cities in the State, until it includes nearly all

of the area of the city. The separate system is being introduced for the

higher areas and new sections of the city located at a considerable distance

back from the river, and in future extensions of the sewers it is probable

that the separate system will be employed.
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The sewage of the city of Holj'oke is discharged into the Connecticut

River at eight different outlets, and there are two storm overflows into the

canals.

The principal sewer outlet for the northerly portion of the city, known

as the AValnut Street outlet, is located above the Holyoke dam. At this

outlet a large quantity of sewage is discharged at a point where the flow of

the river is very sluggish on account of the effect of the dam, and the sew-

age remains in the neighborhood of the outlet, where there are considerable

deposits of sewage. The conditions about this outlet are very foul. The

outlet is also objectionable because the sewage from this outlet finds its

way into the canals, the water of which is used in the mills for many pur-

poses, and may be used for drinking. A plan for diverting the sewage

from this outlet to an outlet below the city has been prepared, but the

work has not yet been done.

The main outlet for the main and southerly portions of Holyoke is located

at the southerly end of the city, and discharges through a stone pier at the

edge of the river. This outlet was evidently at one time carried out a con-

siderable distance into the river ; but the pipe is now broken, and sewage

discharging at the edge of the river collects in a large pool in the neighbor-

hood, and the odor about this outlet is very offensive. There are no dwell-

ing houses within a considerable distance.

A short distance above this outlet at the foot of Berkshire Street is an

outlet from the Elmwood district, discharging at the edge of the river.

There is a large area of flats about this outlet, upon which sewage collects

and gives ofl" an offensive odor. This outlet is located at a considerable

distance from any dwelling house.

In the region between the upper outlet at Walnut Street and Elmwood
Street, sewers for the area of the city lying between the canals and the

river have been provided, which discharge at four main outlets. The out-

lets at Mesier and Appleton streets discharge near the edge of the river,

the former at a place used as a dump, and both of these outlets are located

at a considerable distance from any dwelling house. While sewage collects

about these outlets to some extent, they were not seriously objectionable

at the time they were examined.

There is a similar outlet at Jackson Street, where the sewage collects in

the neighborhood and causes a disagreeable odor.

The remaining outlet, located at Sargent and Hamilton streets, dis-

charges through a wall in the middle of a canal wasteway, and when the

water is wasting from the canal very little odor is noticeable in the neigh-

borhood of this outlet ; when no water is wasting, the sewage collects

in a large pool about the outlet in the immediate neighborhood of mills

in which many operatives are employed, creating a very objectionable

nuisance.
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In addition to the sewage discharged into the river from the city sewers,

the river receives much sewage, discharged into it or into the canals, from

the various factories in Holyoke, and enormous quantities of wastes.

The factories of various kinds from which considerable quantities of sew-

age are discharged into the river are classified in the following table :
—
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Connecticut River opposite Holyoli:e, but the conditions about the sewer

outlets have not been found to be objectionable.

The next source of pollution below Holyoke is the city of Chicopee, which

is situated about 6.2 miles below the Holyoke dam. The Chicopee River

flows through this city, and receives practically all of the sewage and wastes

from it. The condition of the Chicopee River has already been described.

Just below Chicopee are the city of Springfield and the town of "West

Springfield.

The city of Springfield is situated on the east bank of the Connecticut

River, 5.5 miles above the point where the river crosses the southern bound-

ary of Massachusetts into Connecticut. Its population in 1900 was 62,059.

The first sewers in the city were built many years ago, and about thirty

years ago a general system of combined sewers was designed for the thickly

settled portions of the city, which has been extended from time to time as

became necessary. The further extension of the combined system of sew-

ers in the higher portions of the city remote from the river is found to in-

volve much expense, and the separate system is being employed in this

portion of the city, and will be employed in developing the sewerage of the

Mill River valley in the southerly part of the city.

The sewage of the principal portion of the city of Springfield is discharged

directly into the Connecticut River, without treatment, at twelve outlets.

The height of water in the Connecticut River opposite Springfield is affected

somewhat by the dam at Enfield, Conn., but there is generally a good cur-

rent in the stream opposite the city. The freshets in the spring raise the

height of the water in the river in extreme cases to a level 20 feet above the

ordinary summer stage of the stream. There are four outlets into the Mill

River, a tributary of the Connecticut River, in the southerly part of the

city; and the sewage of the village of Indian Orchard, which is located on

the Chicopee River within the limits of the city of Springfield, is discharged

into the Chicopee River, as already stated.

The main outlets into the Connecticut River, all of which formerly dis-

charged at the edge of the stream, caused serious nuisances at many places

along the shore in the densely populated part of the city ; and to remove

these nuisances submerged pipes have been laid from five of the principal

outlets, to convey the dry-weather flow of sewage to a point of discharge

near the bottom of the river from 200 to 300 feet from shore. By this

plan the nuisances formerly caused by these outlets have been removed,

and no objectionable conditions were found to exist about these outlets at

the times they were examined. The submerged outlets are of sufficient size

to remove the dry-weather flow of sewage only, so that at times of rain or

when snow is melting much mingled sewage and storm water still discharges

at the old outlets at the edge of the river, but objectionable conditions have

not been created by this discharge at any of the outlets. These outlets are

maintained with very little trouble and expense. They occasionally become
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clogged, especially at periods of high water in the river, by sticks and

other matters brought down from the sewage which collect near the mouth

of the sewer at such times; but by removing this material from the inlet to

the submerged pipe after the freshet flow has subsided, further trouble has

not been experienced in keeping these outlets clear.

At all of the remaining outlets into the Connecticut River sewage dis-

charges at the edge of the river bank, and in most cases at the ordinary

stage of the river the sewage collects about the outlet or along the edge of

the river for a short distance below the outlet, causing a noticeable odor of

sewage in the immediate neighborhood.

The outlets into Mill River all discharge directly into the water, and, as

the quantity of sewage is small, objectionable conditions were not found at

these outlets at the time they were examined.

The outlet from Indian Orchard into the Chicopee River has been

described under that stream.

The town of West Springfield, which had in 1900 a population of 7,105,

is situated on the westerly shore of the Connecticut River, directly opposite

Springfield. This town is provided with a system of combined sewers, dis-

charging through various outlets into the Connecticut and Westfield rivers.

There are two principal outlets into the Connecticut River. The one

situated above the north end bridge is built on a plan somewhat similar to

the submerged outlets at Springfield, a pipe being laid beneath the bed of

the river to a point well out into the stream, of sufficient size to remove the

dry-weather flow of sewage, the excess of flow at times of storm discharg-

ing at about high-water mark. The submerged outlet, however, when it

was examined was obstructed and was not operating, so that all of the

sewage was being discharged on the shore through the storm-water outlet,

creating offensive conditions.

The second outlet is situated immediately below the old wooden bridge.

This outlet is a large one, and serves the village of Merrick. The sewage

is discharged near the shore line at low water, but there is very little current

at this place, and the water in the river is noticeably polluted for a con-

siderable distance out from the outlet. This outlet has been the cause of

serious complaint from the operatives in a factory situated on the bank of

the river, and is objectionable at times to those passing over the bridge.

There is only one factory in West Springfield, wastes from which tend to

seriously pollute the Connecticut River. This factory is a paper mill, situ-

ated near the lower sewer outlet. Large quantities of highly colored wastes

are discharged at times into the sewer* near its outlet, and the eflfect of the

wastes is noticeable in the river for a long distance from the sewer outlet.

Just below West Springfield the Connecticut River is joined by the West-

field River, the water of which is considerably more polluted than the water

of the Connecticut River.

Below the Westfield River the Connecticut River flows between the towns
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of Agawam and Longmeadow to the State line, receiving from the latter

town sewage and sewage effluent. The town of Longmeadow, having in

1900 a population of 811, is provided with a system of sewers constructed

on the separate plan. The sewage is conveyed to two filtration areas,

where it is discharged on prepared sand filter beds. The filters do not

receive proper attention, however, and much of the sewage does not pass

through them.

The Connecticut River, where it enters Massachusetts, is practically

unpolluted, and until it reaches Northampton the pollution which it receives

is not sufficient to create objectionable conditions, except possibly in the

immediate vicinity of the sources of pollution.

The sewage from Northampton which enters from Mill River, together

with the manufacturing wastes from the sulphite pulp mills, and the sewage

of Easthampton which enters from the Manhan River just below Mill River,

noticeably pollute the river for a short distance.

The sewage and manufacturing wastes from Holyoke, Chicopee and

Springfield have a very perceptible effect upon the character of the water
;

but, notwithstanding this pollution, the river as it passes into the State of

Connecticut is not seriously polluted, and at Hartford, 19 miles below the

State line, the water of the river has recently been used directly as a source

of public water supply.

The results of special examinations of the Mill and Manhan rivers and

of the Connecticut River below Northampton are given in the following

tables. The average results of analyses of samples collected during the

drier portions of the year for several years at Northfield near the New
Hampshire line and below Springfield near the Connecticut line are also

presented.

Special Examination of Mill and Manhan Rivers, July 14 and 15, 1902.

[Parts per 100,000.]
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Special Examination of Connecticut River, Sept. 16 and 17, 1902.

[PartB per 100,000,]

Source. Free Albuminoid ChlorineAmmonia. Ammonia, ^"'o^me.

Connecticut River, above Northampton,

Mill River, at mouth,

Manhan River, at mouth,

Connecticut River, below Manhan River,

Connecticut River, above Holyoke dam

Connecticut River, below Holyoke,

Chicopee River, at mouth,

Connecticut River, below Chicopee,

Connecticut River, below Springfield, but above Westfield River,

Westfield River, at mouth,

Connecticut River, below Westfield River

0028
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DEERFIELD RIVER.

The Deerfield River is a tributary of the Connecticut River from the west,

rising in the State of Vermont, and draining the northerly section of Massa-

chusetts west of the Connecticut River, which is rugged and mountainous.

The river falls very rapidly throughout nearly all of its course, and, as there

are very few ponds on the water-shed, the flow of the stream is subject to

great fluctuations.

The following tables give data in regard to the drainage areas at various

points and the population upon the water-shed :
—

Distance
above
Mouth
(Miles).

Drainage
Area

(Square
Miles).

Population! Population
on per

Drainage Square
Area. Mile.

Estimated
Population dis-
charging Sewage

into Kiver.

Just above north branch, at Shelburne Falls, 18.0
North branch, at mouth, . . . .1 18.0
Just below north branch, at Shelburne Falls, I 18.0
Just above Green River, at Deerfield, . . 2.1
G-reen River, at mouth 2.1
Deerfield River, at mouth, . . . .

405.9
93.0
498.8
574.5
89.8

7,600
2,600
10,200
14,900
9,300

24,300

19
28
21
26

103
36

160
400
560

1,660
6,000

7,660

Cities and Towns, Considerable Portions of which are within the
Water-shed of the Deerfield River.

CiTT OR Town.
Popula-
tion

in 1900.

Sewerage
System.

Estimated i

Population
[

discharging
Sewage

into River.

Manufactories discharging
Wastes into River.

Somerset, Vt., .

Bearsburg, Vt.,
Wilmington. Vt.,
Readsborough, Vt., ,

Whittingham, Vt., .

Marlborough, Vt.,
Halifax, Vt., .

Guilford, Vt., .

Monroe,
Florida,
Rowe,
Savoy,
Hawley,
Charlemont,
Ashfield, .

Buckland,

.

Heath,
Colrain,
Shelburne,
Conway, .

Deerfield, .

Leyden,
Greenfield,

161

1,221

1,139
1,042
448
662
782
305
390
549
506
429

1,094
955

1,446
441

1,749
1,508

1,458
1,969
379

7,927

None.
None.
None.
None.
None.
None.
None.
None.
None.
None.
None.
None.
None.
Partial.
None.
Partial.
None.
None.
Partial.

None.
None.
None.
General.

Unknown.

60

100

350

400
600
150

6,000

None.
None.
None.
One tannery, one paper mill.
None.
None.
None.
None.
One paper mill.
None.
None.
None.
None.
None.
None.
None.
None.
One cotton mill.

None.
One cotton mill.

None.
None.
One cutlery factory.

Within the State of Vermont the Deerfield River receives pollution from

a tannery and a paper mill in Readsborough about 3 miles above the Mas-
sachusetts line. In Massachusetts the first source of pollution is in Monroe,
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where the river receives sewage and manufacturing wastes from a paper

mill employing about 60 persons. The river is not seriously affected by

this pollution except immediately below the mill.

At Shelburne Falls the river is joined by North River, which receives

pollution in Colrain, about 3 miles above its mouth, from three cotton mills

employing about 270 persons. The quantity of wastes discharged from

these mills is small, but all of the sewage from them goes directly into the

stream, together with the sewage from about 40 houses.

At Shelburne Falls, on the Buckland side of the river, sewage is dis-

charged from a factory in which 250 persons are employed, and on the

Shelburne side of the river sewage from 50 employees in a factory is

discharged into the stream. Neither Shelburne Falls nor Buckland is

provided with a sewerage system, but there is a small sewer in Buckland,

discharging into the river below the water level ; and there is a sewer in

Shelburne, receiving the sewage from about 100 buildings, discharging

about 700 feet below the dam beneath the surface of the water at all times

except at the lowest stage of the river. These outlets do not appear to be

objectionable, and the effect of the sewage is not noticeable.

A short distance below Shelburne the river is joined fjom the south by

South River, one of the largest tributaries. This stream flows through the

town of Conway, where it receives sewage from a shoe shop in which 83

persons are employed, and sewage and manufacturing wastes from a cotton

mill employing about 55 persons.

Below the South River the Deerfield River flows through the town of

Deerfield into Greenfield. At Greenfield it is joined by Green River, a

large tributary from the north, which flows near the central portion of the

village of Greenfield, and receives all of the sewage from this village. The
town of Greenfield had in 1900 a population of 7,927. The town is quite

thoroughly sewered, and the sewage from about 6,000 people is discharged

into the river through several outlets. The upper principal sewer outlet

discharges just above a small mill pond and the lower principal outlet just

above a second mill pond. The water of the river is very badly polluted,

and, as the water in the ponds is subject to considerable fluctuations in

elevation, local nuisances have been produced which have been the source

of complaints. There is a large population in the vicinity of these ponds

and along the stream below the ponds.

Below the Greenfield sewer outlets the Green River flows for about a

mile and discharges into the Deerfield River, where it is diluted by a large

flow of comparatively pure water in the latter stream.

A special examination was made of Green River July 16 and 17, 1902,

the results of which are given in the following table :
—



No. 34.] EFFECT OF SEWAGE DISPOSAL. 381

Special Examination of Green River, at Greenfield, July 16 and 17,

1902.

[Parts per 100,000.]
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FRENCH RIVER.

The French River rises in the town of Leicester and flows in a southerly

direction into the State of Connecticut, where it joins the Quinebaug River

and finally discharges into Long Island Sound. The river has a small

water-shed in Massachusetts, but there are numerous ponds and storage

reservoirs upon it, so that the summer flow is high and the numerous falls

are used for manufacturing purposes.

The following tables give statistics relative to the drainage areas and the

population upon them at various points :
—

Locality.
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The next sources of pollution are at the villages of Greenville and Roch-

dale in the town of Leicester, where the river receives sewage from four

mills employing about 225 persons. From these factories water used for

washing and dyeing cotton and woolen cloth, and wool-scouring liquor

from washing about 25,000 pounds of wool per week, are discharged di-

rectly into the stream, making the water noticeably polluted. The river

also receives in these villages sink drainage from a considerable population.

At Larnedville in the town of Oxford, and at North Oxford, 1.5 miles

below, there are satinet mills employing 55 and 240 persons respectively,

sewage from which, together with water used for washing and dyeing, is

discharged into the river. At the latter mill 8,000 pounds of cloth are

washed and dyed daily. About a mile below North Oxford the sink drain-

age and a portion of the sewage from a factory employing about 75 persons,

and at a short distance below this the sewage from a factory employing 30

persons, are discharged into the river.

In Oxford there are two woolen mills employing about 120 persons, sew-

age and wastes from which are discharged into the river. In one of these

establishments no wool is scoured at present, but in the other about 1,000

pounds are scoured daily.

The next principal sources of pollution are in the towns of Webster and

Dudley, the former being on the easterly side and the latter on the westerly

side of the river. In these towns the river has a rapid fall, and there are

numerous mill ponds and factories.

The river receives just above the village of Webster the flow from Lake

Chaubunagungamaug. This lake has an area of 1,250 acres and a water-

shed of about 9.7 square miles. During dry weather large quantities of

water are drawn from this lake to increase the flow of the river.

On Mill Brook, which forms the outlet of the lake, is situated a bleaching,

dyeing and printing mill, employing about 200 persons, sewage and wastes

from which are discharged into the stream. The quantity of cloth dyed

and bleached amounts to about 100,000 pounds each week, and the water

of the brook is highly colored and opaque from the spent dyes discharged

into it, and the bed and shores of the stream are also discolored.

A large cotton mill employing 800 persons is situated on the French

River just below the entrance of Mill Brook, the sink drainage from which

is discharged into the stream, but no liquid wastes are produced at this

place.

A short distance below this cotton mill there are two woolen mills, one

of which produces no liquid wastes, but discharges the sewage from about

50 persons into the river. At the other 850 persons are employed and

10,000 pounds of wool are scoured daily. The wool-scouring wastes are

treated for the removal of a portion of the grease, the remainder being dis-

charged directly into the stream. Enormous quantities of spent dyes and

water from washing cloth are also discharged into the stream, as well as
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the sink drainage from all of the operatives and the sewage from a con-

siderable portion of them.

On the Dudley side of the river, opposite the village of Webster, are a

linen and a woolen mill. At the former, sewage from 625 operatives and

large quantities of bleaching wastes and wash water are discharged into a

brook just above its junction with the river ; at the latter mill, situated on

the main river, sink drainage from 350 operatives and large quantities of

wool-scouring waste, water used for washing cloth and spent dyes are dis-

charged into the stream.

Below the main village of Webster near the line between Massachusetts

and Connecticut there are two woolen mills, both in the town of Dudley.

From one of these mills water used for washing the finished product is dis-

charged into a brook about a quarter of a mile above its junction with the

river; and at the other mill sewage from 165 persons, wastes from scour-

ing about 1,000 pounds of wool daily, spent dyes and water used for wash-

ing cloth are discharged directly into the stream.

In addition to the sewage and wastes from the factories, the river receives

the domestic sewage of the town of Webster and of a portion of the town

of Dudley.

The town of Webster had in 1900 a population of 8,804, and is provided

with a fairly complete system of sewers. The sewers are designed to take

sewage only, and at present discharge into the river through five outlets.

The principal outlet is at a bridge on the main street, in the vicinity of a

large population. The outlet discharges beneath the surface into deep

water, and whenever it has been examined the river below was not notice-

ably affected by the sewage. At times in summer the water is held back

by the dams above the sewer outlet, and the water in the mill pond below

is drawn down so that deposits of solid matter which have accumulated

below the outlet are exposed, and are said to create a great nuisance. The
other four outlets are small ones, serving only a limited population, and no

serious local nuisances appear to be created by them. Plans have been

prepared for the purification of the sewage of Webster on filter beds to be

located near the river below the village.

There is no complete system of sewers in Dudley, but small sewers have

been constructed which serve a population of perhaps 300. These sewers

discharge into the river near the highways ; but the quantity of sewage is

so small that the outlets are not noticeably objectionable at present, and

the condition of the river, due to the presence of manufacturing wastes, is

such that the effect of the additional amount of sewage cannot be detected.

The river above Webster is noticeably polluted at several points, but

immediately above the village the water is not objectionable in appearance

or odor. Mill Brook, which enters just above Webster, contributes a large

flow of highly polluted and badly discolored water to the river ; and at the
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large woolen mills enormous quantities of wastes containing much organic

matter are discharged into the stream, making it very objectionable ; and

the numerous mill ponds on the stream, the level of the water in which is

subject to considerable variations, tend to increase the objectionable con-

ditions, as at times large areas of the bottom are exposed.

The results of special examinations of the French River and the average re-

sults of regular analyses of the stream are given in the tables which follow :
—

Special Exa^onation of Frexch River at Webster, Sept. 10, 1901.

[Parts per 100,000.]

French River, above Mill Brook

Mill Brook, near mouth,

French River, below Mill Brook, but above sewer outlets.

Merino Brook, near month

French River, at State line (below second mill pond),

MoENisG Sample.

.0012

.0004

.0012

.0056

.0256

.0324

.0268

.0756

.0164 .0560

.22

.15

.21

.60

.34

Aftebsoon Sample.

^

.0020

.0012

.0016

.0032

.0036

.0264

.0256

.0284

.0752

.0428

.18

.22

.22

.56

.24

Flow of river 193 cubic feet per second.

Chemical Examixatiox of Water from the French River.— Averages
FOR Six Months, from June to November, inclusive.

French River, above Webster.

[Parts per 100,000.]
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HOOSICK RIVER.

The Hoosick River, a tributary of the Hudson, is formed by the junction

of the north and south branches in the central portion of the city of North

Adams, whence it flows north-westerly through Williamstown, and across

the south-western corner of Vermont to the Hudson River in the State of

New York.

The following tables give data in regard to the drainage areas and the

population upon the drainage areas at various places :
—

Locality.
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employing about 300 persons, and from a woolen mill employing about

100 persons. The quantity of manufacturing wastes from the cotton mills

is not large, and consists chiefly of spent dyes ; that from the paper mills

consists of wastes from the washers and paper machines ; and that from

the woolen mills consists of the wool-scouring liquors and wastes from

washing cloth.

The town is not provided with a sewerage system, but there is a large

number of private sewers discharging into the river, and many privies

are situated over the river and on the edge of the canals. Many of the

outlets of the private sewers produce offensive conditions in the immediate

vicinity, and are otherwise objectionable. From the information available,

it appears that the sewage from about 4,500 persons is discharged into the

river.

In North Adams the south branch receives sewage from two small sew-

ers, each serving about 25 houses, and sewage from a factory employing

about 150 persons.

The south branch above Adams is practically an unpolluted stream. Be-

low Adams the water is polluted, and is somewhat objectionable in appear-

ance and odor.

The water-shed of the north branch contains no sources of pollution

above North Adams except a woolen mill situated in Clarksburg, in which

about 275 persons are employed, and 900,000 pounds of wool are scoured

each year. On the north branch within the city of North Adams there are

several large factories, but the sewage and manufacturing wastes are now

discharged into the city sewers. A small quantity of spent dyes from the

print works is discharged into the stream. There are several dams on this

branch, and at times of dry weather the bed of the river in places is practi-

cally dry except for pools of water which remain among the stones, the

main flow of the river passing through the canals. This condition has

been the cause of a serious nuisance. Near the junction of the two branches

the river receives the wastes from a print works employing about 1,400

persons. These wastes consist chiefly of spent dyes and water used for

washing.

At its mouth the north branch is badly polluted, and the water is of

about the same character as that of the south branch. Between the junc-

tion of the branches and the outlet of the North Adams main sewer the

river receives sewage and manufacturing wastes from a factory employing

about 500 persons. The manufacturing wastes are those from the processes

of bleaching and dyeing.

North Adams had a population in 1900 of 24,200, and the estimated pop-

ulation in 1902 is 26,200. The city is very thoroughly sewered on the sep-

arate plan, and it is estimated that the total population connected with the

sewers is about 23,000.
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The main portion of the sewage is discharged into the river about a mile

below the junction of the two branches, but there are several other outlets,

each serving a very small area. The main sewer was constructed in 1891.

The outlet is located at the edge of the river, at a place where the current is

divided, about half of the flow passing through the channel which receives

the sewage. The current into which the sewage discharges is very rapid,

and the sewage is carried quickly away at times when there is considerable

water flowing in the river; but at times of dry weather there are periods,

when the mills above are not in operation, when practically all of the water
is held back by the dams, and there is very little flow in the stream. At
such times the sewage collects in pools, and a great nuisance results.

There are several houses not far from the sewer outlet.

Below the sewer outlet the river flows through the village of Brayton-

ville, two-thirds of a mile distant, at which place it receives the sewage
and manufacturing wastes from a woolen mill employing about 240 per-

sons, and scouring about 1.000,000 pounds of wool yearly. At the village

of Greylock, 1.5 miles below the sewer outlet, sewage from a cotton mill

employing about 225 persons is discharged into the stream ; and at Black-

inton, on the line between North Adams and Williamstown, 2^ miles below

the sewer outlet, the river receives sewage and wastes from a woolen mill

employing about 350 persons, and scouring about 200,000 pounds of wool
per year. At each of these three villages there is a small mill pond, sub-

ject to considerable fluctuations in level, and there is a large population

close to the river.

The condition of the stream immediately below the North Adams sewer

outlet is very ofifensive, and its appearance is that of sewage. Its condi-

tion improves somewhat further down stream, notwithstanding the added
pollution entering it from the various villages.

At Williamstown, 4 miles below the North Adams' sewer outlet, there is

a large mill pond having an area of 45 acres. Just above this mill pond
the river is joined by Green River, having a water-shed of 43 square miles.

The population of Williamstown in 1900 was 5,013. The town has no
complete sewerage system, but there are several sewers which take sewage
and a considerable quantity of storm water, and discharge at convenient

points.

Two of the sewers discharge into Green River, and the remaining sewers

discharge into the Hoosick River below the mill pond. The sewer outlets

into Green River are beneath the surface of the water at some distance

from the shore, and no offence is caused b}^ them. One sewer outlet

discharges by a highway bridge near the railroad station of the Boston &
Maine Railroad. This outlet is submerged, and its presence cannot ordi-

narily be detected. There are two other outlets into the river below, at

points remote from any population.
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On Green River there is a cotton mill employing 95 persons, from which

sewage and manufacturing wastes are discharged into the stream ; and into

the main river just below Green River sewage and wastes are discharged

from another cotton mill employing 225 persons. The wastes consist chiefly

of spent dyes.

A special examination of the Hoosick River and its branches was made

on Sept. 2 and 3, 1902, at a time when the flow of the river was consider-

ably in excess of the dry-weather flow. The results of the analyses, which

are given in the following table, show plainly the effect of the sewage of

Adams and North Adams on the water.

Special Examination of Hoosick River, Sept. 2 and 3, 1902.

[Parts per 100,000.]
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Chemical Examination of Water from Hoosick River and its Branches.
— Averages for Six Months, from June to November, inclusive.

South Branch, above Adams.

[Parts per 100,000.]
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Chemical Examination of Watek fkom Hoosick River and its Branches.
— Averages for Six Months, from June to November, inclusive—
Concluded.

Hoosick River, at Williamslown.

[Parts per 100,000,1
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Cities and Towns, Considerable Portions of which are within the
Water-shed of the Housatonic River.
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the conditions in the immediate vicinity of the outlets are objectionable.

There is no population near either of the outlets. Sewage and manufac-

turing wastes from five large paper mills employing about 650 persons, and

a woolen mill employing about 150 persons, in which cloth is washed and

dyed, are discharged directly into the stream.

Within the city of Pittsfield the east branch receives very little pollution,

except street washings and the sewage from a few houses discharged

through a storm-water drain at Pomeroy Avenue.

The water of the east branch above Hinsdale is practically unpolluted.

Immediately below the woolen mill at Hinsdale it is badly polluted, but its

appearance improves until it reaches Dalton, where the sewage and* manu-

facturing wastes discolor the river and give it an objectionable appearance,

but the odor from it is not offensive. Its condition improves rapidly and at

its mouth this branch shows little evidence of the pollution which it receives.

The west and south-west branches receive practically no pollution except

within the limits of the city of Pittsfield.

The population of Pittsfield in 1902 is estimated to be 22,300. The
main portion of the city is very thoroughly sewered, and the population

connected with the sewers is estimated to be 18,000.

The greater part of the city is sewered on the separate plan, and in the

latter part of the year 1902 works for the purification of the sewage col-

lected by the separate system of sewers were completed. A considerable

area of the city, however, is sewered by an old system of storm-water

drains, which has an outlet into the west branch just below the thickly

built up section of the city. The quantity of sewage discharged from this

sewer at times when there is no storm water amounts to from 650,000 to

1,000,000 gallons per day. The sewage is discharged at the edge of the

river, and its effect is noticeable for a long distance below the point of dis-

charge, but there are no dwelling houses in the immediate vicinity of the

outlet.

Sewage and manufacturing wastes from six woolen mills, in which 1,725

persons are employed and about 8,500 pounds of wool are scoured per day,

are discharged into the branches of the river above the most thickly settled

portions of the city. The wastes from these mills consist chiefly of wool-

scouring liquors, water used for washing the cloth and spent dyes. There

is also a cotton mill employing 50 persons, from which sewage and spent

dyes are discharged into the stream.

All but one of these mills are upon the west branch, and, as these facto-

ries are many of them situated above the thickly settled portion of the city,

the effect of the discharge of sewage and wastes into the streams is to make
the west branch objectionable in appearance, and to give it an offensive

odor where it passes through the city. The west branch at its mouth is

badly polluted, and objectionable in appearance and odor, especially at

times of low flow in the stream.
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The south-west branch is seriously polluted b}- sewage and wastes from

a large woolen mill, but below the woolen mill it flows through a practi-

cally uninhabited country to its mouth.

Below Pittsfield the Housatonic River flows for a distance of about seven

miles to Lenox station through a sparsely settled territory. In this portion

of its course it receives the effluent from the sewage purification works of

Pittsfield. At these works all of the sewage collected in the separate sys-

tem of sewers, amounting to about 1,800,000 gallons per day, is purified on

sand filter beds, and the effluent is discharged into the river. At Lenox

station the river receives sewage from the town of Lenox.

Lenox, which had a population in 1900 of 2,942, has a general system

of sewers constructed upon the separate plan. The sewage is delivered

on the side of a hill near the river below Lenox station, where works have

been constructed for its purification by broad and subsurface irrigation.

A connection is made directly with the river, however, through which

all of the sewage of the town is discharged during a large part of the

time. At other times some of the sewage discharged upon the area finds

its way over the surface of the ground a;id flows eventually into the

river. The outlet into the river is located just above a dam, which forms

a large mill pond and is beneath the surface of the water. Within the

town of Lenox there is one small paper mill employing about 15 persons

and discharging sewage and a small quantity of manufacturing waste into

the river.

The next town upon the river is Lee, which is about 11 miles below Pitts-

field. This town had a population in 1900 of 3,596. The main village of

Lee is quite thoroughly sewered, the sewers being constructed on the sepa-

rate plan, except that one of the separate sewers discharges into a storm-

water drain not far from its outlet.

There are six sewer outlets, and it is estimated that there are about 700

persons connected with the sewers. All of the sewer outlets are carried

out into the river, so that they discharge below the water at all times, and

they are so situated as not to be objectionable. Sewage and wastes from

five paper mills employing about 375 persons are discharged directly into

the Housatonic River at Lee.

In Lee the river is joined by Goose Pond Stream, so called, on which

there are two paper mills and a machine shop, sewage and wastes from

which are discharged directly into the stream, and there are several privies

situated directly over the stream.

The next town on the stream is Stockbridge, which is 18 miles below

Pittsfield and 7 miles below Lee. This town had a population in 1900 of

2,081, and the main village is quite thoroughly sewered. The sewers were

constructed in 1898 on the separate plan, and all of the sewage is purified

upon filter beds and an irrigation area situated near the river below the

village. About 125,000 gallons of sewage per day are treated at these
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works, and the effluent has no appreciable effect upon the character of the

water of the river.

Great Barrington, situated about 11 miles below Stockbridge, had a

population in 1900 of 5,854, included in two principal villages, both of

which are upon the river. The upper village, known as Housatonic, has

several sewers which were built originally for storm-water drains, but also

receive sewage. The quantity of sewage in these drains is small and the

outlets are unobjectionable. Sewage and wastes from two cotton mills

employing about 500 persons, and a paper mill employing 300 persons, are

discharged into the river at Housatonic.

The village of Great Barrington is thoroughly sewered, the sewage being

discharged into the river through twelve outlets, all of which are beneath

the surface of the water. None of the outlets were objectionable at the

time they were examined.

Sewage and wastes from a cotton mill employing 120 persons, and the

sewage from an instrument factory employing 250 persons, are discharged

into the river at Great Barrington.

Notwithstanding the pollution which the river receives from the various

sewer outlets and factories in the cities and towns below Pittsfield, the

character of the water improves ; and at Sheffield, the lowest point at which

samples have been collected for analysis, the quality of the water is very

much better than immediately below Pittsfield, though it is still somewhat

objectionable in appearance.

The most serious sources of pollution are at Pittsfield. The sewage

purification works, which were put in operation in the latter part of 1902,

will improve the conditions considerably ; but it will be necessary to re-

move the remainder of the sewage and the most of the manufacturing

wastes, to render the stream unobjectionable.

A special examination of the Housatonic River was made Sept. 30 and

Oct. 1, 1902, the results of which are given in the following table. At the

time this examination was made, the flow of the river was much greater

than the ordinary dry-weather flow.

Special Examination of Housatonic River, Sept. 30 and Oct. 1, 1902.

[Parts per 100,000.]

Free | Albuminoid
Ammonia.

[
Ammonia

East branch, above Dalton,
East branch, above Pilistield, .

East branch, near mouih
Onota Brook, at mouth
Pontoosuc Brook, at mouth,
"West branch, at mouth, ....
South-west branch, near mouth,
Housatonic, above t'ittsfield filtration area,

Housatonic, bt-low Pittsfield filtration area,
Housatonic, near outlet of Lenox mill pond
Housatonic, 5 mile below Lenox mill pond
Housatonic, 2 miles below Lenox mill pond

.14

.14

.24

.22

.12

.23

.11

.21

.20

.22

.21

.22
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Regular examinations have been made of the three branches of the river,

and of the main river below Pittsfield and at Stockbridge and Sheffield.

The averages of the analyses from June to November, inclusive, for each

year, are given in the tables which follow :
—

Chemical Examination of Water fkom the Housatonic River and its

Branches.— Averages for Six Months, from June to November,
inclusive.

East Branch, at Pittsfield.

[Parts per 100,000.]
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Chemical Examixation of Water from the Housatonic River anu its

Branches.— Averages for Six Months, from June to November,
INCLUSIVE— Concluded.

Housatonic River, below Stockbridge.

[Parts per 100,000.]
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sheen River. The first two of these rivers are described in other portions

of this report.

The following tables give statistics with reference to the water-sheds and

the populations upon the water-sheds at various places :
—

Locality.
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Principal Cities and Towns ox the Merrimack River and its

Tributaries— Concluded.

City oh Town. Population
in 1900.

Stream on
which located.

Distance
above Slouth

of
Merrimack

Kiver.

Sewerage
System.

Framingham,

Nalick,

Concord,

Billerica,

Derry, N. II., .

Lawrence, .

Metbuen,

Andover, .

North Andover,

Haverhill, .

Amesbury,

Newbnryport, .

11,302

9,488

5,652

2,775

3,583

62,559

7,512

6,813

4,243

37,175

9,473

14,478

Budbury,

Sudbury,

Concord,

Concord,

Merrimack,

Merrimack,

Merrimack,

Shawsheen,

Merrimack,

Merrimack,

Merrimack,

Merrimack,

70.5

71.0

52.0

42.3

52.5

26.0

28.4

28.5

24.5

16.0

4.0

0.0

General.*

General.*

General.*

Partial.*

General.

General.

General.*

Partial.

General.

Partial.

General.

* Sewage purification works in use.

There are several large cities on the river or its tributaries above the

point where it enters Massachusetts, from which sewage is discharged

directly into the river, and there are numerous factories which contribute

sewage and manufactural wastes to the stream ; so that when it reaches

Massachusetts it is already much polluted, though the pollution has not

thus far affected the appearance of the stream, or caused it to have a notice-

able odor.

The first city in Massachusetts through which the river passes is Lowell,

the populated section of which is situated on both sides of the river. A
small tributary. Stony Brook, flows through Westford and Chelmsford and

enters the river from the south just above the city, and Beaver Brook

enters it from the north below the dam.

The principal sources of pollution on Stony Brook are six woolen mills,

employing over 700 persons and scouring about 70,000 pounds of wool per

day, all the sewage and wastes from which are discharged into the stream.

In addition there are several smaller factories, employing altogether about

700 persons, and discharging sewage but no wastes into the stream ; and

there is a small population in Chelmsford which is connected with sewers

discharging into the brook. This stream is very badly polluted.

On the northerly side of the river, in the town of Dracut, on Beaver

Brook, there are two large woolen mills employing 1,100 persons, sewage

from which, together with water used for scouring a small quantity of wool
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and that used in washing and dyeing, is discharged into the brook. The

sink wastes from a considerable population and some sewage from private

houses are also discharged into Beaver Brook.

The Concord River, having a water-shed of 402 square miles, enters the

Merrimack River from the south in the easterly part of the city of Lowell.

This river and the sources of pollution upon it are described under the

" Concord River."

The city of Lowell had in 1900 a population of 94,969. The city is

thoroughly sewered, there being a little over 84 miles of sewers at the

present time ; and all of the sewers are built on the combined plan, receiv-

ing both sewage and storm water. All of the principal sewer outlets dis-

charge directly into the Merrimack or Concord rivers. In a few cases the

outlets of the sewers are located beneath the ordinary level of the water in

the river, where the outlet is at all times covered with water, and such out-

lets are not noticeable in the neighborhood. Many of the outlets are lo-

cated at the edge of the river, and some of them when the water is low

discharge upon the ground some distance back from the water, creating

very offensive conditions.

The following is a general description of the outlets of Lowell sewers :
—

At the westerly end of the city three small sewers discharge at the south-

erly bank of the river above the dam, where there is always a considerable

depth of water. When examined, the conditions about these outlets were

not objectionable, though all of the sewage passes into the main canal,

from which water is taken for washing and various other purposes in the

mills.

The sewage of the Pawtucketville district on the northerly side of the

river is collected at two principal outlets, one of which discharges in the

rocky bed of the Merrimack River below the dam a short distance below

the Pawtucket bridge, and the other into Beaver Brook at the point where

that stream joins the Merrimack River.

The sewage from the westerly outlet collects among the rocks in its

neighborhood when little or no water is running over the dam, and causes

a serious nuisance. There is a considerable odor of sewage in the imme-

diate vicinity of the outlet at Beaver Brook, but, as there are no dwelling

houses within a long distance of this outlet, it does not appear to be seri-

ously objectionable at the present time.

The sewage of the Centralville district in the north-easterly part of the

city north of the Merrimack River is discharged into the river at eight out-

lets, the most important of which is at the end of West Street, where the

sewage discharges at the bank of the river near the line of ordinary high

water, and in summer, when the water is low, runs over the exposed bed

of the river nearly 200 feet to the water. The sewage spreads over a large

area, and collects among the weeds, bushes and rocks between the outlet

and the water, causing a very serious nuisance.
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The next outlet down stream is at Fulton Street, where a similar nui-

sance exists, though the quantity of sewage discharged at this place is

small ; and a short distance further down stream there is a similar outlet,

having a somewhat larger flow of sewage, about which the conditions are

very objectionable.

Two of the remaining outlets in this section were also objectionable on

account of deposits of sewage about them ; but the other outlets on this

side of the river discharge below the level of low water in the river, and

were not objectionable.

The principal outlet for sewage on the southerly side of the river is at

the Aiken Street bridge, where the sewage flows into the stream through the

middle of the bridge abutment at the edge of the river. A strong odor of

sewage was noticeable on the highway and on the bridge in the neighbor-

hood of the outlet, and the water of the river was very noticeably polluted

for a considerable distance.

A small outlet a sliort distance above Aiken Street discharges below the

Moody Street bridge into an open ditch, through which it flows about 150

feet to the edge of the i-iver. The odor in the neighborhood of this ditch

is very offensive.

Between the outlet " at Aiken Street and Central bridge there are two

outlets at the edge of the river, which in this vicinity is walled. There

are two main sewer outlets and several minor outlets into the Concord

River near its mouth. One of the main outlets discharges where there is

an overflow from the canal into the river. At times when no water is

wasting from the canal, the sewage collects in a pool about this outlet, and

is very offensive to the operatives of the mills in the neighborhood. An-

other very large sewer enters the Concord River near its junction with the

Merrimack at a place where the river is walled. The sewage from this

outlet was discharging into a considerable body of water, and an odor of

sewage was noticeable in the neighborhood, but no deposits were visible.

There are three comparatively small outlets into the Merrimack River on

the southerly side of the city below the Concord River, two of which dis-

charge above the level of high water, and the odor about them is offensive.

The third outlet discharges at the level of the water, and does not appear

to be objectionable.

In Lowell there are seven cotton mills, employing 16,000 persons, sew-

age from which is discharged into the river or into the canals, together

with enormous quantities of spent dyes. In one woolen mill 2,300 persons

are employed, and about 100,000 pounds of wool are scoured each week.

All of the sewage and wastes from these factories go into the stream or

into the canals. There is also a machine shop employing 1,300 persons,

which discharges sewage and acid wastes into the river.

Below Lowell the river flows for a distance of about 8 miles through a

territory which is sparsely populated to the city of Lawrence. The river
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in this portion of its course is used very largely as a pleasure resort, and
the water supply of the city of Lawrence is taken from the river just above

the city, the water being purified by sand filtration.

The city of Lawrence, which in 1900 had a population of 62,559, is situ-

ated on both sides of the Merrimack River, about 26 miles above its mouth,

the larger portion of the city being on the northerly side of the river.

The town of Methuen adjoins Lawrence, and the sewage from the town
enters the Lawrence sewers ; while the wastes from the principal factories

enter Spicket River, which flows through Lawrence and discharges into the

Merrimack River in the lower portion of that city.

The sewerage system of Lawrence is constructed on the combined plan,

receiving both sewage and storm water, and some of the sewers also receive

wastes from factories. All of the sewers discharge directly into the Merri-

mack River or into the Spicket River, and there are a few private outlets

from the mills and other buildings near the bank of the river.

There are three small sewer outlets on the northerly side of the river

above the dam. ' At two of these the sewer discharges into a ditch at a

considerable distance from the shore and very offensive conditions are pro-

duced. At the third, the outlet is below the ordinary water level of the

river.

Just below the dam a large sewer discharges at the easterly end of the

Broadway bridge over the Merrimack River. At times when little or no

water is flowing over the dam the sewage from this outlet collects in a

large pool under the bridge, and at such times the odor is very offensive

to persons passing over the bridge. The conditions about this outlet could

be greatly improved if the sewer should be extended further out into the

river and further down stream.

In the rear of the Upper Pacific mills a considerable quantity of sewage

and manufacturing waste is discharged at some distance above the water

level and 100 feet from the edge of the stream. The ditch through which

the sewage passes from the sewer to the stream was obstructed and much
sewage had deposited.

The Lawrence Street sewer discharges through a wall at the edge of the

river bank in the rear of the Lower Pacific mills, at about the ordinary

water level. The bottom of the river in this region is generally covered

with water, and, while an odor of sewage was noticeable in the neighbor-

hood of the outlet, the outlet did not appear to be seriously objectionable

when examined, although the flow of the river at the time of the examina-

tion was not as low as it is during much of the year.

Another sewer discharges into the river through the Washington mills.

This sewer discharges about 50 feet from the river and the odor of sewage

was quite noticeable in its vicinity.

At the Spicket River at Garden Street there is an outlet for a sewer

which serves a large section of the city and also a large portion of the
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town of Methuen. The outlet is located under the westerly end of the

Garden Street bridge and the conditions about it are at times very objec-

tionable and the river below is greatly polluted.

An outlet at Marston Street is located in a ravine about 150 feet back

from the river, and slightly above its level at ordinary water. The sewage

flows through a channel obstructed by brush and other debris for a distance

of from 75 to 100 feet to the river. Sewage deposits in the ravine, and

the odor at this outlet is very foul. Gas wastes were discharged just

above the outlet at the time it was examined, and the mingled gas wastes

and sewage caused a very objectionable nuisance.

On the southerly side of the river one of the principal outlets is at South

Broadway, where a large quantity of sewage is discharged under the middle

of the abutment of the Broadway bridge over the Merrimack River. The
sewage discolors the water for a considerable distance from the outlet, but

no objectionable odors were noticed at the time the outlet was examined,

when there was a large flow of water over the dam.

A sewer discharges through the river wall in the rear of the Munroe

Paper Company into a considerable body of water and does not produce

objectionable conditions.

At Parker Street a sewer discharges through an iron pipe into a large

pool on the south side of the river, about 100 feet from the water. At
times of ordinary summer flow in the river a stream of sewage from this

outlet flows up stream in the exposed bed of the river a distance of 100

feet or more, and then flows out into the river. The quantity of sewage

discharged at this outlet is large, and after entering the river the sewage

flows along the shore for from 300 to 400 feet, and the conditions about

the outlet are very offensive in the summer season.

The Osgood Street outlet is located 75 feet back from the bank of the

river at its ordinary stage, and the sewage discharges through a stone abut-

ment, the bottom of the sewer being about 3 feet above the ordinary level

of the water. The sewage flows through a channel worn in the river silt,

and obstructed by brush and weeds, which retain much of the solid matter.

After entering the river the sewage follows along the shore for a consider-

able distance, and the conditions about the outlet are foul. There are no

dwelling houses in the immediate vicinity of this outlet.

In addition to the main outlets of sewers described above, there are sev-

eral storm overflows into the Spicket River, through which mingled sewage

and storm water are discharged into the stream at times of storm.

Nearly all of the factories in Lawrence and Methuen discharge sewage

through private sewers directly into the river, together with whatever

manufacturing wastes are produced, but some of the smaller factories are

connected with the city sewers. About 16,000 persons are employed in

the various factories.

The principal manufacturing wastes which tend to pollute the river come
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from three paper mills, three cotton mills, two bleacheries, three woolen

mills and a wool-scouring mill. The wastes from scouring about 1,300,-

000 pounds of wool each week, containing enormous quantities of very foul

matter, are discharged into the river.

On the southerly side of the river, below Lawrence, the Merrimack River

is joined by the Shawsheen River, which has a water-shed of 75 square

miles. The town of North Andover, population in 1900, 4,243, is situated

on this stream, but the sewage of the town is discharged principally into

Cochickewick Brook, near its junction with the Merrimack River.

The main sewer outlet originally discharged into the Merrimack River,

immediately below the entrance of the brook, but the pipe which conveyed

the sewage across the brook has been broken, so that at the present time

the sewage is discharged into Cochickewick Brook, about 100 feet above

the Merrimack River. The effect of the sewage on the water of the brook

was very noticeable at the time it was examined, but the sewage is dis-

charged into a large body of water, and there appear to be no deposits in

its vicinity. The other outlet discharges into the Shawsheen River at the

highway bridge near its mouth, the sewage flowing out of a pipe several

feet above the surface of the water. The conditions about this outlet are

not seriously objectionable.

In North Andover there are four factories, employing together about

1,100 persons, all of the sewage from which is discharged into the streams.

Three of the four factories are woolen mills, in which wool is scoured, the

amount scoured being about 14,500 pounds per day. At one of these fac-

tories, in which 3,000 pounds of wool are scoured daily, the wastes are

discharged into settling tanks, and the solid matter which accumulates in

the bottom is removed by farmers and used for fertilizer ; the remaining

portion of the wastes is discharged into the stream.

About 2.5 miles above its mouth the Shawsheen River receives the efflu-

ent from the sewage purification works of the town of Andover, together

with a small amount of unpurified sewage. The town of Andover had in

1900 a population of 6,813; and a sewerage system was constructed in

1899, the sewage being purified on sand filter beds near the Shawsheen
River. The quantity of sewage treated at these works amounts to about

150,000 gallons per day. A small portion of the sewage from low sec-

tions of the town is collected at two small pumping stations, from which

it is pumped into the sewers leading to the filter beds ; but during a portion

of the time these pumps are not operated, and the sewage is discharged

into the river.

There are three factories in Andover from which sewage and wastes

are discharged into the stream. The number of persons employed in these

factories is about 800, and the principal wastes are those from scouring

about 30,000 pounds of wool per week and from washing and dyeing cloth.

About 5.5 miles above Andover the river is joined by Strongwater
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Brook, which receives the sewage from the State Hospital at Tewksbury,

which has a population of about 1,400. A part of this sewage is dis-

charged upon land, but a large portion finds its way in an unpurified state

directly into the brook.

Below the Shawsheen River the Merrimack River flows rapidly for a dis-

tance of about 6 miles to a point where the water of the river is affected by

the tides.

The city of Haverhill is situated 10 miles below Lawrence and 16 miles

from the mouth of the river. The principal portion of the city is on the

northerly side of the river, but that portion known as Bradford is on the

southerly side.

The city is provided with a regular system of sewers built upon the com-
bined plan, with the exception of the sewers in a small area in the north-

erly part of the city, for which the separate system has been adopted.

The sewage is all discharged into the Merrimack River through thirty-six

outlets, thirty-one of which are on the northerly side of the river, and the

remaining five on the southerly side in the Bradford district.

Besides the outlets of the city sewers, there are numerous outlets of pri-

vate sewers from buildings along the banks of the river.

The height of the water in the river is affected by the tides, which have

an ordinary range of 4 or 5 feet opposite the city. At times of very low

flow in the river the current is up stream during a portion of the incominof

tide.

The following is a brief description of the conditions about the principal

outlets examined, taking them in order going down stream on the northerly

side of the river.

The upper principal outlet is at Florence Street. The sewer at this place

discharges into a ravine above the level of the ordinary stage of the river,

and 50 feet or more from the channel at low water. The ravine throuo^h

which the sewage flows contains brush and rubbish of various sorts, among
which much matter from the sewage has collected, and from which a very

offensive odor arises. There are no dwelling houses, however, in the imme-
diate vicinity of this outlet.

Similar conditions exist at the Vilas Street and Beach Street outlets, the

next two outlets in order going down stream.

At Ayer Street the sewage discharges at a high wall at the edge of the

river near the level of low water; and, while the water is slightly polluted

along the edge of the river, the odor from this outlet was not seriously

objectionable when examined.

Near Ford Street there is an outlet at the edge of low water, where the

conditions are similar to those at Ayer Street, but the bank of the river is

not walled at this place.

At Washington Avenue, just above the Boston & Maine Railroad bridge,

sewage is discharged at the edge of the water at low tide, and collects in an
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eddy just above the bridge, where there is a foul deposit. The conditions

about this outlet are objectionable.

At Essex and Emerson streets there are large sewers discharging through

a wall at the bank of the river, which are chiefly objectionable on account

of the odor of sewage in the neighborhood.

The outlets at West, Howe, Tucker, Fleet, Main and State streets all

discharge at the edge of the river, which is here bordered by a wall, and

the sewage is discharged into a considerable depth of water at all stages

of the tide. An odor of sewage is noticeable about these outlets, but

excepting at West Street there were no considerable deposits.

At Moore and Kent streets the sewage discharges at the edge of the river

at low water, and the conditions about these outlets were objectionable on

account of the deposits of sewage and an offensive odor.

All of the remaining outlets on the northerly side of the river below Kent
Street, with one exception, discharge near the high-water bank of the river,

from which the sewage flows across the exposed bottom of the river for

distances of from 20 to 40 feet to the water at the time of low tide. At
these outlets there were deposits of solid matter from the sewage, covering

a considerable area of the exposed river bottom between high and low

water, and the conditions were very offensive at low tide. The single

exception is the outlet at Chestnut and School streets, which discharges

through a wall under the water, and is not noticeably objectionable.

On the Bradford side of the river the principal outlets are at Bradford

Avenue, Prospect, Summer, Main and Ferry streets. At all of these out-

lets objectionable conditions were found, and some of them were extremely

offensive. At Ferry Street the sewage is discharged at a point 75 feet

back from the edge of the river into a channel obstructed by debris of

various kinds, which holds the sewage back in pools. There is a large

flow of sewage from this outlet, but there are no dwelling houses in its

immediate neighborhood.

The very offensive conditions about most of the Haverhill sewer out-

lets could be removed by extending the sewers under the stream so as

to discharge the dry-weather flow of sewage at a considerable distance

from the shore, where it would not be liable to return and cause deposits

of sewage to form on the banks and bottom of the stream exposed at low

water.

In addition to the objectionable conditions caused b}' the main outlets of

sewers in the city of Haverhill, there are storm overflows from some of the

principal sewers which discharge into Little River in its course through the

thickly settled portions of the city. This river also receives much pollu-

tion from manufacturing wastes and refuse from the factories, and is at

times a very objectionable nuisance in the lower part of its course.

There is a great number of small factories in the city of Haverhill, most

of which discharge sewage directly into the Merrimack River or into Little
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River, and some of thejn discharge considerable quantities of manufacturing

wastes.

The principal factories discharging manufacturing wastes into Little

River are a woolen factory, in which 15,000 pounds of wool are scoured

weekly, a tannery and a gas works. The wastes from these three factories

have a very serious effect upon the character of the river, and give it a very

objectionable appearance and odor.

On the Merrimack River are a brewery, a paper mill and two hat fac-

tories, from all of which considerable quantities of polluting wastes are

discharged into the river.

Below Haverhill the river is a tidal stream. About 4 miles above its

mouth it receives from the north the flow of the Powow River, on which is

situated the town of Amesbury, which had in 1900 a population of 9,473.

This town is not provided with a regular sewerage system, although many

of the buildings in the centre of the village are connected with sewers or

drains, which discharge both sewage and storm water directly into the river.

These sewer outlets are very objectionable, and they are located in the

midst of a large population.

The principal factories in Amesbury are carriage factories, which pro-

duce no liquid wastes. There is a large cotton factory employing from

700 to 800 persons, situated in the centre of the village, where no liquid

wastes are produced. All of the sewage from the various factories is dis-

charged directly into the river. The number of persons employed in these

mills is about 1,300.

Below Powow River the Merrimack River flows for a distance of 3 miles

to the city of Newburyport, which is situated near its mouth. The sewer

outlets from this city are described in Part I of this report.

Samples of water collected from the river above Lowell and above Law-

rence have been analyzed for a long period of years, and the average

results of these analyses for the drier portion of each year are given in the

tables which follow. A special examination of the river has also been

made, the results of which are presented.

Special Examination of Merrimack River, Sept. 23, 1902.

[Parts per 100,000.]

Source.
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Chemical Examination of Water from the Merrimack River. — Aver-

ages FOR Six Months, from June to November, inclusive.

Merrimack River, above Lowell.

[Parts per 100,000.]
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MILLER'S RIVER.

The Miller's River is a tributary of the Connecticut from the east,

draining a portion of New Hampshire and the northerly section of Massa-

chusetts. The drainage area of the river is generally hilly, but there are

considerable areas of comparatively flat land, and there are many lakes

and ponds used for storage purposes.

The following tables give data relating to the drainage areas and the

population on them at various places :
—

LOCALITT.
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The first sources of pollution of the river in Massachusetts are at Win-

chendon, where the sewage from thirteen factories, employing about 1,200

persons, is discharged directl}' into the river, together with manufacturing

wastes from cotton mills and various other factories. The quantity of

manufacturing wastes from these mills, with the exception of the dye

wastes from the cotton mills, is quite small.

There is no regular system of sewerage in the town of Winchendou, but

a large number of houses in the thickly populated sections of the town dis-

charge sewage through private sewers into the brooks which are tributary

to the river.

About 6 miles below Winchendon the river is joined by the Otter River,

on which are the town of Gardner and the villages of Otter River and

Baldwinville.

The town of Gardner had in 1900 a population of 10,813, and is pro-

vided with a general system of sewers. A portion of the sewage is con,

veyed to filter beds located on Pond Brook, a tributary of Otter River,

where it is discharged on sand filter beds. The quantity of sewage re-

ceived at these filter beds amounts ordinarily to about 250,000 gallons per

day ; but the filter beds are of insufficient capacity to provide for the puri-

fication of all of the sewage, and at times, especially during the winter and

spring months when the quantity of sewage greatly exceeds the amount indi-

cated above, a large portion of the sewage overflows from the filter beds

directly into the brook without purification. Another portion of the sewage

of Gardner is conveyed to filter beds located near Otter River, about 2 miles

below Pond Brook. At this place the sewage is first passed through coke

strainers and then through sand filters, and all of the sewage received at

the beds is thoroughly purified. The quantity of sewage treated at this

place amounts ordinarily to about 300,000 gallons per day. There are no

factories in Gardner which contribute any considerable quantity of manu-

facturing wastes to the river.

At the village of Otter River, 6 miles below Gardner, there are three

small factories employing together about 65 persons, the sewage from

which, together with a very small quantity of manufacturing waste, is

discharged into the river.

At Baldwinville in the town of Templeton, 1.75 miles below Otter

River, there are five mills employing about 350 persons, which discharge

sewage directly into the stream. These factories do not produce any con-

siderable quantity of manufacturing waste. In this village a small quan-

tity of sewage is discharged through private sewers into the river, and the

river receives the sewage more or less directly from a hospital which has a

population of about 150.

At South Royalston, 3 miles below the entrance of Otter River, sew-

age and manufacturing wastes from a woolen mill employing about 115
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persons, together with dye wastes and water used for washing, are dis-

charged into Miller's River.

The town of Athol is situated 7.25 miles below Royalston, and about

18.5 miles from the mouth of the river. The town is provided with a gen-

eral system of sewerage, the sewage being discharged at various outlets

into Miller's River and into Mill Creek, one of the tributaries of Miller's

River from the south. The principal outlets are at the lower end of the

village, discharging well out into the river beneath the surface of the water.

These outlets are said to be objectionable at times when the vrater is held

back by the dams above.

The principal factories in the town from which manufacturing wastes

are discharged are a woolen mill, a silk mill and a hat factory. From each

of these places a large quantity of objectionable waste is discharged into

the river.

Just below the village of Athol the river receives the flow of TuUy Brook

from the north, on which is located a satinet mill, employing 30 persons,

sewage and wastes from which are discharged into the stream.

The town of Orange is 5.5 miles below Athol. This town had a popula-

tion in 1900 of 5,520, and is provided with a general system of sewerage,

the sewage being discharged into the river through two outlets. The up[)er

outlet is on the southerly side of the river, just below the works of the

New Home Sewing Machine Company. This outlet discharges at the edge

of the water at a considerable distapce from any buildings, and no objec-

tionable conditions are produced. The lower outlet is on the northerly side

of the river at the railroad bridge below the village of Orange. In the

vicinity of this outlet there are deposits of material from the sewage, and

the conditions around the outlet are objectionable, but there is no popula-

tion within a considerable distance of the outlet or of the river immediately

below the outlet.

There are several factories in Orange employing a large number of per-

sons, the sewage from which is all discharged either into the sewers or di-

rectly into the river. No considerable quantities of manufacturing wastes

are produced at these factories.

Below Orange the river receives sewage from about 100 persons em-

ployed in small factories, from which no manufacturing wastes are dis-

charged into the river.

In the town of Wendell, about 3 miles below Orange and 10 miles from

the mouth of the river, there are three factories, employing about 87 per-

sons, one of which is a paper mill, from which large quantities of polluting

wastes are discharged.

At the village of Miller's Falls, part of which is in the town of Mon-
tague and part in the town of Erving, the river receives sewage from a

considerable population. The village has no general system of sewerage,
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but there are various storm-water drains and private sewers discharging

into the river. One of the outlets from Montague is very objectionable on

account of the deposits of sewage in its vicinity, and a bad local nuisance

is created. There are two factories at this place, one of which is a paper

mill employing 60 persons, and discharging large quantities of waste into

the river. The other is a tool factory, from which considerable quantities

of acid wastes and the sewage of 350 persons are discharged.

Miller's River enters the Connecticut River about 4 miles above the vil-

lage of Turner's Falls.

The stream above Athol is not badly polluted except in the immediate

vicinity of the sources of pollution. Below Athol the water is very badly

polluted by sewage and manufacturing wastes, and the effect of this pollu-

tion, together with the added pollution received at Orange, is noticeable

for a considerable distance below the latter town. At the mouth of the

river, however, the water is not badly polluted.

A special examination of the Miller's River has been made, the results of

which are given in the following tables, together with the results of the

examination of regular samples at various places during the dry months of

several years :
—

Special Examination of Miller's River, Aug. 25 and 26, 1902.

[Parts per 100,000.]
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Chemical Examination of Water from Miller's River. — Averages for

Six Months, from June to November, inclusive.

Above Alhol.

[Parts per 100,000
]
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Cities and Towns, Considerable Portions of which are within the
Water-shed of the Nashua Kiver.

City or Town.
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from four factories employing about 185 persons. No objectionable manu-

facturing wastes are produced at any of these factories.

Through the city of Fitchburg the river has a rapid fall, all of which is

utilized for power purposes, and there are numerous mill ponds and fac-

tories along the stream.

The population of Fitchburg in 1900 was 31,531. The city is thor-

oughly sewered, the sewers being constructed on the combined plan, and

discharging at twenty-one outlets located at convenient points along the

river. Many of these outlets are objectionable, but the conditions about

them are not much more objectionable than the general condition of the

stream, which is offensive to sight and smell throughout much of its course

in the city. Plans have already been prepared for the construction of an

intercepting sewer to convey the dry-weather flow of sewage to a point

below the city, where it will be purified on sand filter beds.

There are in Fitchburg about thirty mills, employing 5,100 persons, all

the sewage from which is discharged into the river. These mills include

paper mills, woolen mills, cotton mills and silk mills, from many of which

enormous quantities of very foul wastes are discharged, which, together

with the sewage, make the river a foully polluted stream. The fluctuations

in the level of the water in the numerous mill ponds, by which portions of

the bottom of the river are frequently exposed, increase the objectionable

conditions.

About 5.5 miles below Fitchburg the river is joined by Monoosnock

Brook, which receives the sewage of the main portion of the town of

Leominster. Leominster had in 1900 a population of 12,392. The town

is quite thoroughly sewered, the sewers taking some storm water as well as

sewage. The principal outlet for the sewers is into Monoosnock Brook,

about a mile above the point where it joins the Nashua River. There are

no deposits in the vicinity of the outlet, as the stream into which the sew-

age is discharged has a rapid current, but the water below the outlet is

badly polluted by sewage, especially at times of low flow, and the odor in

the vicinity is objectionable. There are no houses in the immediate vicin-

ity of the outlet or of the brook below the outlet. There is another small

sewer outlet into Fall Brook, a tributary of the Nashua River, but the

quantity of sewage discharged from this outlet is small.

There are numerous factories in the town, many of which do not produce

any objectionable manufacturing wastes ; but wastes are discharged either

directly into the brook or into the sewers from several laundries, from fac-

tories where horn goods are made and from two woolen mills. At the lat-

ter mills no wool is scoured, the only wastes produced being those from

washing and dyeing the cloth. Plans are now being prepared for the puri-

fication of the sewage of Leominster, including the objectionable manufac-

turing wastes.
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The South Branch of the river rises in the towns of Princeton and Hol-

den, and flows in a generally north-easterly direction. The water of this

branch above Clinton is used for the water supply of the metropolitan dis-

trict, and the pollution of streams above this point is prevented.

In Clinton there are several factories discharging wastes into the stream,

and the river receives the effluent from the sewage purification works of the

town.

The town of Clinton had in 1900 a population of 13,667. It is thor-

oughly sewered, the sewers being constructed on the separate plan, and the

sewage is collected at a pumping station near the river and pumped to filter

beds. At times of wet weather the flow of sewage is greatly increased by

leakage of ground and surface water into the sewers, and at such times a

small amount of sewage is allowed to discharge directly into the river

opposite the pumping station. This outlet is situated near the highway,

but there are no dwelling houses in its immediate vicinity, and as such

overflows occur only at times when there is a large quantity of water flow-

ing in the stream, objectionable conditions have not been produced.

About 750,000 gallons of sewage per day are received at the filtration

area, and the eflfluent is discharged into a small brook which joins the South

Branch about a quarter of a mile above its junction with the North Branch.

At times the sewage has not been well purified, and the water flowing in the

brook has had an objectionable appearance.

The principal factories discharging sewage directly into the river in

Clinton are a cotton and a carpet factory, from both of which spent dyes

are discharged into the stream ; a small woolen mill, from which spent

dyes and water used for washing cloth are discharged ; and a large woolen

mill, in which 200 persons are employed and about 15,000 pounds of wool

are washed weekly, all of the sewage and wastes going into the river.

Both the North and South branches of the river where they unite at

Lancaster are foully polluted, having a very offensive appearance and

odor. Below the junction of the branches the first pollution which the

river receives is at the village of Shirley, 7.5 miles below, where it is

joined by a brook which receives a small amount of sewage from the village

of Shirley and some wastes from three factories employing 400 persons.

At Ayer the river receives the flow of a brook which flows through the

centre of the village, and which receives sewage and wastes from a tannery

employing 100 persons. This brook below the tannery is very foul.

About 2 miles below Ayer the river receives the flow of Squannacook

River, a large stream which enters it from the north-east, having a part of

its drainage area in the State of New Hampshire. This river receives the

sewage from a small population in Townsend, and sewage and wastes from

a leatherboard factory which employs 12 persons. It also receives at West

Groton sewage and wastes from a paper mill employing 40 persons, and

from a leatherboard factory employing 20 [)ersons.
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At Paper Mill Village, 4.5 miles below Squannacook River, a paper fac-

tory employing 40 persons discharges sewage and wastes into the stream.

The town of Pepperell is situated on the river, about 3.5 miles above

the New Hampshire line. The town has no regular system of sewers,

but there are several sewers which serve a large number of houses in the

village, discharging directly into the river. The outlets of these sewers

appear to be unobjectionable, as the quantity of sewage discharged is small

in comparison to the flow of water.

On the Nashua River and the Nissitisset River, a tributary which joins it

just below Pepperell, there are four paper mills in the town employing

about 550 persons, sewage and great quantities of wastes from which are

discharged into the river.

Below the junction of the North and South branches the condition of the

river improves considerably, but where it leaves the State the river is still a

very badly polluted stream.

Examinations of the river have been made at various places for many
years, and the averages of the chemical analyses of samples collected during

the drier portion of each year are given in the following tables, together

with the results of a special examination made in August, 1902 :
—

Special Examination of Nashua River and Tributaries, Aug. 4 and 5,

1902.

[Parts per 100,000.]
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Chemical Examination of Water from the Nashua River and its Tribu-

taries—Averages FOR Six Months, from June -to November, in-

clusive.
Nashua River, above Fitchburg.

[Parts per 100,000.]
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Chemical Examination of Water from the Nashua River and its Tribu-

taries.— Averages for Six Months, from June to November, in-

clusive— Concluded.

South Branch Nashua River, at Lancaster, beloiu Clinton Sewage Purification

Works.

[Parts per 100,000.]
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of rubber ; the wastes from the washing, bleaching and dyeing of 7,000 to

8,000 pounds of cotton yarns daily ; the wastes of a cotton mill, consisting

of about 8,000 gallons per day of waste water from bleaching and dyeing

cotton, and about 20,000 gallons per day of water used for washing cotton
;

the wastes from a pa^jer mill ; and oily matters from cleaning cotton waste.

The sewage from some of these mills is also discharged into the stream.

The wastes from the yarn mill and the paper mill have a visible effect upon

the river in the immediate neighborhood of the point of discharge, but

below the village of Walpole the river is not objectionable in appearance

or odor.

At East Walpole the river is very greatly polluted by wastes from two

large paper mills and by sewage from a considerable number of operatives,

and below these mills, as the river enters Norwood, the water is much dis-

colored and has an offensive odor.

In Norwood the river is joined by Hawes Brook, which receives the

wastes from a large tannery discharging about 500,000 gallons per day of

very offensive wastes from the processes of tanning and wool-scouring,

and an additional quantity of slightly polluted water used in the various

processes of washing and rinsing. One of the other tributaries in the town

of Norwood is polluted by the direct discharge of unpurified sewage from

three establishments employing about 1,000 persons. From the mouth of

Hawes Brook to tide water the Neponset River is grossly polluted, and

offensive to sight and smell throughout the drier portion of the year. On
the main stream below the junction with Hawes Brook are an ink factory

and gas works, from which gas wastes and sewage from operatives are

discharged into the stream. A short distance below the ink works the

river is joined by a sewer owned by the town of Norwood which discharges

wastes from a tannery and much domestic sewage into the river.

Below Norwood the main stream enters the Fowl Meadows, and is joined

by the east branch, or Canton River, in the upper part of these meadows.

This stream and its tributaries are polluted in Stoughton by the wastes

from a large shoddy mill, where about 25,000 pounds of shoddies per week

are treated ; the wastes from a woolen mill, where about 1,000 pounds of

cloth are washed and dyed per day ; the waste from a knit goods mill,

where cotton garments are bleached and washed ; and the wastes from a

rubber goods mill, resulting from the washing of rubber. The wastes

from the shoddy mill enter Muddy Brook, a small stream, and render it

offensive for a short distance below the mill. A considerable quantity of

domestic sewage is discharged into the streams in Stoughton through pri-

vate outlets.

In Sharon and Canton the stream receives a small amount of pollution

from several mills, a very little domestic sewage from silk mills where about

200 to 300 pounds of silk per day are manufactured, and the wastes from

a woolen mill where about 5,400 pounds of material are used in making
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woolen cloth ; and all wastes, including the dust from shoddy-picking ma-

chines and water used in washing and dj-eing cloth, are discharged into the

stream. Much sewage from operatives in these and other mills and from

dwelling houses is discharged into the stream. The stream below the silk

mills in Canton is grossly polluted for a considerable distance, and in dry

weather this stream has an objectionable appearance near the point where

it joins the main river.

In the north-easterly part of Canton there is a woolen mill at which

about 500 pounds of wool are scoured daily and cloth is treated and

dyed, the wastes going into a small stream which enters the Neponset

River below the east branch. This stream is grossly polluted through-

out its length, but there are no dwelling houses in its neighborhood below

the factory.

The water of Mother Brook, as it flows out of the Charles River at Ded-

ham, is clean and satisfactory in appearance, and shows, from chemical

analysis, little evidence of pollution. In the town of Dedhara, Mother

Brook is polluted at a dye works, where the wastes from rinsing and dye-

ing about 5,000 pounds of cotton per day are discharged into the stream ;

by wastes from a woolen mill, where about 1,000 pounds of woolen cloth

are washed and dyed per day; and by the wastes from wool-scouring and

dyeing at a carpet mill, where about 1,000 pounds of wool are scoured per

day. The stream shows evidence of pollution below the woolen mill, and

below the carpet mill it is discolored and turbid, but has not been found to

be noticeably offensive in odor.

At Hyde Park there are several factories along the course of the brook,

most of which discharge very little manufacturing waste into the stream
;

but a woolen mill near the mouth of the brook discharges the wastes result-

ing from the scouring of from 5,000 to 6,000 pounds of wool and the

washing and dyeing of 3,000 pounds of woolen cloth per day, and below

this mill the water is badly polluted. A considerable quantity of domestic

sewage is discharged into Mother Brook in Dedham and Hyde Park from

the mills and from private sewer outlets.

The Neponset River in Hyde Park receives a very large amount of

manufacturing wastes, the principal pollution coming from wastes from a

factory, where 1,500 pounds of hair are washed per day and about 500

pounds are dyed ; wastes from a large steam laundry ; wastes from a

shoddy mill, where about 4,000 pounds per day of shoddies are washed

and about 200 pounds per day are dyed ; and wastes from a paper mill,

where 30 tons of paper are made per day from wood pulp and rags.

Between Mattai)an and tide water there is another large paper mill,,

where about 6i tons of paper per day are made from rags and pulp, and a

great quantity of wastes are discharged into the stream. The river is also

polluted in Hyde Park by the sewage from operatives in the mills, and by

large numbers of privies and private drains which discharge into the stream.
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A considerable quantity of sewage from such sources is also discharged into

the stream at Mattapan and Milton Lower Mills near the mouth of the river.

Special examinations of the waters of this stream and its tributaries have

been made from time to time in past years, and the results will be found in

the annual reports of the State Board of Health and in the special report

on the improvement of the Neponset River published in 1897.

The character of the Neponset River and the changes from year to year

are well shown by the following table of analyses, giving the yearly aver-

ages of monthly analyses of the water of the river above Hyde Park, and
the results of analyses of the waters of the stream and its tributaries at

other points in recent years :
—

Chemical Examination of Water from the Neponset River.— Averages
FOR Six Months, from June to November, inclusive.

Above Walpole.

[Parte per 100.000 ]
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QUINEBAUG RIVER.

The Quinebaug River has its source in the towns of Wales and Brim-

field, from which it flows in a generally south-easterly direction through

the towns of Sturbridge and Southbridge into the State of Connecticut,

where it is joined by the French River, and eventually discharges into the

Thames River and thence into Long Island Sound.

The water-shed of the river is generally hilly, but there are numerous

large reservoirs which are used for storage purposes, so that the dry-weather

flow of the stream is large.

The following tables give statistics in regard to the drainage areas and

the population upon them at various places :
—

Distance
Above

State Line
(Miles).
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but in the other no wool is scoured. Wastes from washing and dyeing

cloth are discharged into the stream at both of these places. The water

below these mills is very foully polluted. The river also receives a small

amount of sewage from dwelling houses in Wales.

The next source of pollution is at East Brimfield, where the sewage from

30 operatives in a small factory is discharged into the stream.

At Fiskdale, in the town of Sturbridge, the river receives the sewage

from 300 operatives in a factory ; and a short distance below Fiskdale

there is a tool shop which discharges sewage from 100 operatives, and a

small quantity of wastes.

Just above the main village of Southbridge sewage from about 80 per-

sons is discharged directly into the river. At Southbridge the river receives

sewage from about 2,900 persons employed in factories, and wool-scouring

wastes from washing about 1,500,000 pounds of wool per year, together

with a very large quantity of polluting wastes from washing and dyeing

cloth, and a small amount of highly colored wastes from grinding lenses at

an optical factory. The wastes from the woolen mill pollute the stream

greatly, and those fi'om the optical factory discolor the water.

Just below Southbridge the river receives the effluent from the sewage

purification works of the town. The town of Southbridge had in 1900 a

population of 10,025. It is thoroughly sewered, the sewers being con-

structed on the separate plan, and the sewage is discharged on filter beds

located below the village. The quantity of sewage discharged at the filter

beds amounts to about 300,000 gallons per day, and at times a considerable

proportion of this is discharged into the river without purification, as the

works are not receiving proper attention.

Cady Brook, which rises in Charlton, enters the Quinebaug River from

the north in Southbridge. On this stream there are several small factories

employing together about 250 persons, sewage from which is discharged

into the stream. The principal wastes which these factories produce are

those from washing and dyeing cloth, and those produced in manufacturing

shoddies.

At the village of Saundersdale, below Southbridge, the river receives

highly colored wastes from a print works, together with the sewage from

300 operatives.

At West Dudley it receives the wastes from a small paper mill, and near

the State line in that town the river receives sewage and wastes from a

satinet mill employing 180 persons, the wastes consisting of water used for

washing cloth, and spent dyes.

The large quantities of sewage and wastes which the river receives in

Southbridge pollute the stream, and the condition of the water has been

such as to be a cause of complaint from persons living below Southbridge.
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Chemical Examination of Watek from the Quinebaug River.— Aver-

ages FOR Six Months, from June to November, inclusive.

Above Southbridge.

[Parts per 100,000.]
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Cities and Towns, Considerable Portions of which are "^^^THIN the
Water-shed of the Taunton River.
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lected at a reservoir near the Salisbury Plain River at the lower end of the

city, and pumped to filter beds in the south-westerly corner of the city

within the water-shed of the Coweeset River, another tributary to the

Taunton. At times of wet weather there is a large leakage of ground

and surface water into the sewers, and the flow of sewage is very much
augmented. At such times a portion of the diluted sewage has been dis-

charged directly into the river, but, as the flow of the river during these

periods is high, no objectionable conditions are known to have been

produced.

The quantity of sewage pumped to the filtration area amounts to about

750,000 gallons per day, all of which is thoroughly purified.

None of the factories in the city discharge sewage directly into the

stream, most of them being connected with the sewers, and the others dis-

charging the sewage into cesspools. A few of the factories discharge a

small quantity of wastes into the river, these wastes consisting for the most

part of water used for soaking leather, and a small quantity of acid wastes.

In East Bridgewater the Salisbury Plain River is joined by Beaver

Brook, a practically unpolluted stream. No sewage or manufacturing

waste is discharged into the stream at this place.

Just below the village of East Bridgewater the river receives the flow of

the Satucket River, wnich rises in Abington and flows through Whitman.

In Abington there are two small factories, employing about 30 persons,

from which sewage and a small amount of manufacturing waste are dis-

charged into the stream ; and the sink drainage from a factory employing

100 persons, and the wastes from several large shoe shops, find their way
into the river. The river also receives at Abington the sewage from a

number of houses in the town.

At Whitman the river flows through Hobart's Pond, which is used

directly as a source of water supply for the town. There is a large shoe

factory at this place, from which some wastes are discharged into the

stream below the pond, and a box factory which discharges a small amount

of sewage.

In East Bridgewater this stream receives the sewage from 375 persons

employed in a machine shop, and a small quantity of acid wastes.

About 1 .5 miles below the Satucket River the Taunton River is joined from

the west by the Town River, which flows through the towns of Easton,

West Bridgewater and Bridgewater. The first source of pollution on this

stream is in the village of North Easton, where a small amount of acid

waste is discharged into the river from a tool factory. The river also re-

ceives the sewage from a small population at this place. Below North

Easton the river receives the eflfluent from the Brockton purification works,

which are described above.

In Bridgewater the Town River receives the overflow from a cesspool
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into which the sewage from a large shoe shop is discharged, and all of

the sewage from a foundry and machine shop employing 225 to 250 per-

sons.

Below the Town River the Taunton River flows for a considerable dis-

tance through a sparsely inhabited territory, until it is joined by the Ne-

masket River, which enters it from the south. At the head waters of the

Nemasket River there are several large lakes, water from which is taken

for the water supplies of the cities of New Bedford and Taunton. The

town of Middleborough is situated on the Nemasket River, a short dis-

tance below the outlet of Lake Assawompset, the largest of these lakes.

The population of Middleborough in 1900 was 6,885. The town is pro-

vided with a system of sewerage, the sewage being discharged directly into

the river. The principal sewer outlet is at Mayflower Avenue, where the

sewage discharges into an open ditch, through which it runs for a distance

of about 400 feet to the river, and the sewage in this open ditch is at times

exceedingly offensive. There is no population in the immediate vicinity of

the sewer outlet. The lower outlet is below the dam in the lower part of

the village. This outlet discharges at some distance above the water, and

the sewage falls into the bed of a tail race from a works operated chiefly at

night, through which the sewage flows slowly to the river. There is an

offensive odor about this outlet. The condition of the river at Middle-

borough is made more objectionable by a mill pond below the sewer outlets,

the water of which is drawn down in such a manner as to leave large areas

of the bottom exposed at times.

Besides the sewage discharged into the stream at Middleborough form

the town sewers, the river receives the sewage from a factory in which 90

persons are employed.

Just below the point where the Nemasket River joins the Taunton River,

the water of the river is used for the supply of the State Farm at Bridge-

water. Until within about two years the water has been taken directly

from the river for water supply purposes, but about two years ago a sand

filter was constructed, and now all the water used in the institution is passed

through this filter.

Below the Nemasket River the Taunton River receives no pollution until it

reaches East Taunton, where it receives sewage from a cotton mill in which

425 persons are employed. Between East Taunton and Taunton it receives

the flow of several small streams, into which a number of small factories

discharge sewage and a very small quantity of waste.

The city of Taunton had in 1900 a population of 31,036. It is provided

with a sewerage s3-stem constructed partly on the combined and partly on

the separate plan. A system of sewage disposal has been designed for the

city, and the sewerage system is being rebuilt so as to exclude all storm

water. The principal outlet of the sewers at the present time is into the
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Taunton River, in the lower section of the city at the walled edge of the

stream. The river is affected by the tides, and has a rise and fall of about

3 feet, but at all times there is a considerable depth of water in front of the

sewer outlet. The water of the river is very noticeably affected in the

vicinity of the outlet, which is in the midst of a considerable population.

There are numerous factories in the city, many of which discharge sew-

age directly into the river, the others being connected with the sewers.

There are no factories on the main river which discharge any very foul

wastes into the stream, the principal wastes coming from the copper works

below the main sewer outlet.

In the central portion of the city the river is joined by Mill River, which

flows through a densely populated section. This river receives sewage

directly from several small sewers and from the Taunton Insane Hospital.

It also receives a large quantity of manufacturing wastes from cotton mills

and dye works, and the stream is offensive.

About 2.75 miles below the main sewer outlet the river is joined by

Three Mile River from the north-west. This stream rises in Foxborough

and flows through the towns of Mansfield and Norton. At Foxborough

near its head waters it receives the sewage from a considerable population

in that town which is discharged directly into it, and a small amount of

manufacturing wastes from shoe shops and straw factories. In Mansfield

several jewelry factories discharge acid wastes into the river, and the river

also receives sewage from about 200 operatives in the factories.

One of the branches of the river receives wastes from a wool-scouring

establishment, in which 20,000 pounds of wool are scoured each day. The

river below this latter establishment is very much polluted. In Taunton

the sewage from about 100 persons employed in factories, and the wastes

from a paper mill, a foundry and two cotton mills, are discharged into the

Three Mile River.

Below Taunton the Taunton River is a tidal navigable stream for a dis-

tance of about 14..5 miles to the city of Fall River. At Fall River all of

the sewage of the city is discharged into the stream through numerous out-

lets, which are described in Part I of this report.

The average results of analyses of samples of water collected during the

drier months from the Taunton River and its tributaries are given in the

tables which follow :
—



EFFECT OF SEWAGE DISPOSAL. 431

Chemical Examination of Water from the Taunton River and its

Tributaries.— Averages for Six Months, from June to November,
inclusive.

Salisbury Plain River, beloiv Brockton.

[Parte per 100,000.]
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Chemical Examination of Water from the Taunton River and its

Tributaries.— Averages for Six Months, from June to November,
INCLUSIVE— Co7icluded.

Tau7iton River, above Taunton.

[PartB per 100,000.]
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population from which sewage is discharged directly into the river, and the

factories discharging wastes into the stream :
—

Manafactories discharging
Wastes into Kiver.

11,33a General.Attleborough,

North Attleboroagh,

SeekoDk,
1

Wrentham, . . . 2,720 I None.

7,253 Few
sewers.

1,673 None.

5,000 Five jewelry factories, one bleachery, one tan-
nery.

1,500 Eight jewelry factories, one laundry, one gas
workB.

None.

400 Four jewelry factories.

The first source of pollution of the river is in the village of Plainville in

the town of Wrentham, where the sewage from three jewelry shops, em-

ploying about 400 persons, is discharged into the stream, together with a

small quantity of wastes, consisting chiefly of dilute acid. A small machine

shop employing 3 or 4 persons also discharges sewage and a small quan-

tity of wastes into the stream.

In North Attleborough, just below Plainville, there are six jewelry fac-

tories employing over 1,100 persons, and a laundry employing 30 persons,

sewage and wastes from which are discharged into the river.

In the village of Robinsonville in the town of North Attleborough, wastes

from two large jewelry factories, employing about 425 persons, are dis-

charged into the river, together with the sewage from all of the operatives.

At Attleborough the river receives sewage from two town sewers, which

serve the principal part of the thickly built up portion of the village. The
town of Attleborough had in 1900 a population of 11,335. The sewers

which are now in use were built originally as storm-water drains, but

the sewage of a large part of the village is now discharged into them.

The principal sewer outlet is at County Street, where a considerable flow of

sewage is discharged at the edge of the stream just below the bridge.

Practically the entire flow of the river above this outlet is frequently held

back by a dam a short distance above, and the sewage discharged into the

stream at such times creates a great nuisance, and this outlet has been the

source of serious complaint. There are numerous buildings in the im-

mediate vicinity of the outlet and near the river below the outlet. The
lower outlet is at the head of a mill pond, at some distance from any popu-

lation. The water of this mill pond is used for power purposes, and ice for

domestic purposes is cut from the pond.

There are five jewelry factories on the river in Attleborough, each of

which discharges a small quantity of wastes into the stream, and the sew-

age from about 475 operatives in three of these factories is also discharged

directly into the river.
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Below the main village of Attleborough there are two small manufactur-

ing villages, known as Dodgeville and Hebronville. At each of these

places there is a cotton factory employing about 250 persons, the sewage

from which is discharged directly into the river. The sink drainage from

a considerable population at these villages is also discharged into the river.

A short distance below Hebronville the river passes into the State of

Rhode Island, where it is joined by the Seven Mile River, the principal

part of the water-shed of which is within the State of Massachusetts. On
this branch at South Attleborough there is a bleachery employing 100 per-

sons and a tannery employing 40 persons, sewage and wastes from which

are discharged into the stream. The Seven Mile River below these fac-

tories has a very objectionable appearance and odor.

The condition of the Ten Mile River in the vicinity of Attleborough is

exceedingly objectionable. The water, in passing through the various

mill ponds, however, has an opportunity for sedimentation, so that when
it enters the State of Rhode Island the character of the water is consider-

ably improved.

At East Providence, R. I., 10.5 miles below Attleborough, the water is

used after filtration at a rapid rate through mechanical filters for the water

supply of the town.

Samples of water collected from the Ten Mile River below Attleborough

have been analyzed for a number of years, and the average results of the

analyses during the drier months of each year are given in the tables which

follow, together with the results of a special examination made in 1902 :
—

Special Examination of Ten Mile River, Aug. 12 and 13, 1902.

[Parte per 100,000.]
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Chemical Examination of Water from the Ten Mile River.— Averages

FOR Six Months, from June to November, inclusive.

Below Attleborough.

[Parts per 100,000 ]
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Towxs IN THE Water-shed of the Westfield River— Concluded.

^
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sewers. There are two outlets, the principal one draining the portion of

the town south of the river and discharging just above the mouth of Little

River, one of the principal branches. This outlet is located at the edge

of the stream, at a point where there is a rapid current, and there are no

dwelling houses near the river for a considerable distance below the sewer

outlet. The second outlet is on the northerly side of the river, about a mile

above the mouth of Little River. The outlet is located on the bank of the

river and discharges at the edge of the water, and appears to be unobjec-

tionable.

Besides the sewage discharged from the main sewers, manufacturing

wastes and sewage are discharged from three paper mills employing about

230 persons, two cotton mills employing 165 persons, and a machine shop

employing 65 persons. The principal paper mills are upon Little River,

and the quantity of wastes discharged from them is very large.

Below Westfield the river flows for a distance of about 6 miles with a

rapid current through a sparsely populated region to the village of Mit-

tineague. which is in the towns of "West Springfield and Agawam. In this

village there are six paper mills employing an aggregate of about 675 per-

sons, the sewage from which is discharged directly into the river. Large

quantities of manufacturing wastes are also discharged into the river at

this village.

There are three drains for sewage and surface water in the town of

Agawam and two in the town of West Springfield, which discharge into

the river at the village of Mittineague. The upper Agawam sewer receives

the sewage from 17 or 18 houses, and discharges from a bluff just above the

Mittineague bridge about 15 feet above the surface of the water in the

river. The sewage trickles down over the rocks, but the quantity is so

small that it does not appear to create a very offensive condition. The
other two sewers on the Agawam side discharge below the thickly built up

portion of the village.

The upper sewer on the West Springfield side discharges on the ground

about 50 feet from the water, the sewage running over the stones into the

water. There is a considerable deposit of solid matter in the river in the

vicinity of this outlet at low water. The second sewer discharges into

the river near the railroad station just at the edge of the water. There is

a considerable deposit at the mouth of this sewer, consisting chiefly of sand

brought down in times of storm.

The river below Mittineague has the appearance of a badly polluted

stream, due chiefly to the manufacturing wastes discharged into it ; but, as

it flows for a distance of about 3 miles to the Connecticut River through a

region which contains very few dwelling houses, it does not produce any
serious nuisance except in the village itself.

A special examination of the river below Westfield was made Aug. 27
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and 28, 1902, the results of which are given in the following table. Regu-

lar examinations have also been made of samples of water collected from

the river above and below Westfield, the average results during the six dry

months of each year being given in the tables which follow :
—

Special Examination of Westfield River, Aug. 27 and 28, 1902.

[Parts per 100,000.]
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Chemical Examination of Water from the Westfield River and its

Branches. — Averages for Six Months, from June to November,
inclusive.— Concluded.

Westfield River, above Westfield.

[Parts per 100,000.]
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of Worcester in separating the sewage from the storm water and from the

water of Mill Brook, and in the construction of filter beds for the purifica-

tion of the effluent from the chemical precipitation works. If this work is

continued, and the area of filter beds made sufficient for the purification of

all of tiie sewage, a great improvement in the condition of the river will

result.

Kettle Brook, one of the head waters of the river, is polluted in Cherry

Valley in the town of Leicester by wastes from woolen mills, and the water

of the stream for a considerable distance in this valley is badly discolored

and offensive to sight and smell. After flowing through large ponds, how-

ever, it reaches the city of Worcester in a much-improved condition, and

the effect of the pollution in Cherry Valley is not noticeable in the appear-

ance or odor of the stream. In the southerly part of the city of Worcester,

however, it is again greatly polluted by manufacturing wastes, but the pol-

lution of this part of the river will be removed when the plans for taking

these wastes into the sewers of the city of Worcester are carried out.

The Mill River is seriously polluted at times below Hopedale by the

discharge of Hopedale sewage into the stream. Such disposal of the sew-

age is unnecessary, and all the sewage should be purified at the filtration

area.

Charles River.

The Charles River in the greater portion of its course is in appearance

clean and unobjectionable. It is grossly polluted by sewage at Milford

near the upper end of its water-shed, and the odor of the stream is offen-

sive for a distance of from 3 to 5 miles below the town. One of the

tributaries of the river near its head waters is greatly polluted by manufac-

turing waste and sewage from Franklin, but the effect of this pollution

disappears a few miles below the town. After passing Medway the evi-

dences of pollution disappear, and as the stream passes Dedham and

reaches Newton the water is clean in appearance and free from evidences

of pollution; and even upon chemical analysis the evidences of pollution,

aside from the excess of chlorine above the normal for this water-shed, are

hardly distinguishable. The pollution of the stream is increased slightly

by the discharge of manufacturing wastes from factories and mills in New-
ton and AValthara, but except in the immediate neighborhood of the points

at which such pollution is discharged its effect on the stream is not evident

to the senses.

The objectionable pollution of the stream at Milford and the great

nuisance now existing there can be prevented by removing the sewage

from the river and disposing of it in a proper manner. At Franklin the

sewerage system can be extended to include the matters which now pollute

the stream. The pollution of the stream in the lower portion of its course

in Newton, Waltham and Watertown is easily preventable, since sewers

are available in these places for the disposal of objectionable wastes.
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CnicoPEE River.

The Chicopee River and its main tributaries are in general clean in

appearance, and nearly free from objectionable conditions caused by sewer

outlets. Sewage from the towns of Ware, Palmer and Ludlow, and from

the city of Chicopee, near its mouth, is discharged into the main stream or

its tributaries, and the many factories and mills in the valley dispose of

their wastes into the stream. The Ware River is noticeably polluted below

Gilbertville and at Ware by sewage and the wastes from factories, but its

condition is not very objectionable at the present time. One of the sewer

outlets at Ware is located at the edge of the river, so that the sewage does

not quickly mingle with the water ; and this condition and the large quantity

of sewage discharged at this single outlet causes a serious nuisance in the

immediate neighborhood, and the evidences of the pollution of the river by

sewage are quite noticeable to the senses for a considerable distance from

the outlets, but the odor of sewage disappears after the sewage has become

mingled with the water of the stream. The region about the outlets and

below for several miles is very sparsely populated.

The upper waters of the Seven Mile River, a tributary of the Quaboag

in Spencer, are grossly polluted by manufacturing wastes in that town,

which form a serious local nuisance. Sewage is also discharged from the

Spencer sewerage system into the Seven Mile River, causing the serious

pollution of the stream at times. The pollution of the streams in the man-

ner indicated is unnecessary, since the filtration area is of ample capacity

to purify all of the sewage of the town.

The stream flowing from Monson into the Quaboag River is seriously

polluted by manufacturing wastes, so that the effect of the pollution is

noticeable at times throughout the length of this stream below Monson.

One of the sewer outlets at Chicopee Falls is located at the edge of the

river, and the sewage discolors the stream for a considerable distance below

the outlet, but the conditions are not otherwise objectionable. The main

sewer outlet of the city of Chicopee discharges at the south bank of the

river near its mouth, and there is an offensive odor in its neighborhood

when the water is low. If the outlets of sewers in Chicopee should be

extended into the river a sufficient distance to prevent the sewage from

returning to the banks before mingling thoroughly with the water, the

objectionable conditions about these outlets would be prevented, and the

pollution of the river would not seriously affect the appearance or odor of

the water.

Concord River.

The main stream of the Concord River, between the junction of its prin-

cipal tributaries at Concord and the city of Lowell, is clean in appearance

and free from visible evidences of sewage pollution. The discharge of
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sewage and manufacturing waste into the stream in Lowell discolors the

water and gives it an objectionable appearance at certain places, especially

about the main sewer outlets of the city of Lowell near the mouth of the

river. The objectionable conditions about the sewer outlets in this region

could be remedied by extending the sewers into the stream.

The Sudbury River, one of the two principal tributaries of the Concord

River, is very badly polluted by the manufacturing wastes and sewage dis-

charged into the stream from the mills in the village of Saxonville, and

the stream is objectionable in appearance and offensive in odor for a long

distance below this place, and the evidences of pollution are noticeable in

the appearance of the stream for a distance of about 7 miles in the drier

portion of the year. With the exception of the pollution caused by the

village of Saxonville, the Sudbury River does not receive any noteworthy

pollution.

The Assabet River above Northborough is clean in appearance and un-

objectionable. In this village it receives considerable manufacturing waste

from woolen mills, which gives it an objectionable appearance for a con-

siderable distance. Below Northborough its condition improves and the

apparent effects of the pollution disappear. The stream is polluted at

Hudson by sewage and manufacturing waste, and in dry weather has an

objectionable appearance for a mile below the village. The condition of

the stream improves further on, however, and again appears satisfactory

during the remainder of its course to Maynard. At this point it is very

badly polluted by the manufacturing wastes resulting from the scouring

of a large quantity of wool and by the sewage from portions of the village,

and the stream is objectionable in appearance and offensive in odor for 2

miles or more below this village. The evidences of the pollution are still

noticeable where the river joins the Sudbury River.

Connecticut River.

The Connecticut River throughout most of its course in Massachusetts

is not visibly affected by the pollution it receives from the great quantity

of sewage and manufacturing wastes that find their way into the stream,

and from the New Hampshire and Vermont boundary down to Northampton

little evidence of pollution is shown b\' analysis. A serious local nuisance

is created by the discharge of the sewage from the Northampton and East-

hampton sewers through the Mill and Manhan rivers into the Connecticut

River near Mount Tom, where, in addition to the sewage, a large quantity

of manufacturing waste from a sulphite pulp mill is discharged into the

stream.

The great quantity of paper mill wastes and sewage discharged into the

stream at Holyoke noticeably affect the stream for a short distance below

the city, on account of the floating matters from the manufacturing wastes

;

but otherwise, during the remainder of its course in the State the pollution
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discharged into the stream does not affect its appearance, or make the con-

dition of the stream objectionable to those living near it.

The very serious nuisance caused by the discharge of the sewage of

Northampton into the Mill River will be largely removed in about two

years, when the sewage has been diverted to the Connecticut River, as

required by statute. Plans are already prepared for the removal of the

sewage of the town of Easthampton from Broad Brook to filtration areas

near the Manhan River, which, when completed, will prevent the further

pollution of this stream.

The discharge of the sewage of Amherst into Fort River badly pollutes

the stream about the outlet, but the region is uninhabited, and the pollu-

tion of the stream does not appear to cause complaint as yet from those

living in the valley below.

The discharge of sewage from the city of Holyoke above the dam across

the Connecticut River at that place, where the sewage finds its way into

the canals leading through the city, is very objectionable. Plans have

been made for the removal of this sewage to an outlet below the city,

but have not been carried out.

The conditions about one of the outlets in South Hadley and several of

the outlets in Holyoke are offensive on account of the collection of sewage

in the neighborhood of the outlets. Objectionable conditions also exist

about some of the outlets in Springfield, and at one of the outlets in West

Springfield, where sewage is discharged at the edge of the river. These

objectionable conditions could be removed by extending the sewer outlets

so as to discharge into the water at all times well away from the shore.

Deerfield River.

The Deerfield River flows through a very sparsely populated region, and

the sanitary condition of the stream is excellent throughout its course.

The stream receives a small amount of direct sewage pollution from sewers

in Shelburne Falls and from the town of Greenfield, the sewage of which is

discharged into the Green River, a tributary of the Deerfield a short dis-

tance above the mouth of the latter stream.

Of the tributaries of the Deerfield River, the Green River is the only one

which receives any considerable amount of sewage pollution. The sewage

discharged into this stream from the town of Greenfield greatly pollutes

the water, and the appearance and odor of the stream are objectionable at

times of very low flow between the lower sewer outlet and the Deerfield

River. Both of the principal sewer outlets discharge at the edge of the

stream, and the odor of the sewage is noticeable in the neighborhood of

these outlets.

French River.

This stream is seriously polluted by manufacturing wastes at several

points in its course, and below Webster, as it flows out of the State, its
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appearance in the drier portion of the year is filthy and the odor objection-

able. The chief causes of the objectionable condition of the river in this

region are the manufacturing wastes from the woolen mills at Webster, and

the sewage of the town which is discharged into the stream at several out-

lets. The conditions about the sewer outlets were not noticeably more ob-

jectionable than the general condition of the stream. The other serious

pollutions are at Rochdale, North Oxford and Oxford, and the river is

seriously polluted and objectionable in appearance and odor at times for a

short distance below these villages.

HoosiCK River.

This stream is filthy and offensive in appearance and odor in the portion

of its course between North Adams and Williamstown. The south branch

is seriously polluted by sewage and manufacturing wastes from mills in

Adams, about 7 miles above North Adams, and is also polluted by the

sewage from two small sewers in North Adams. The south branch above

Adams is practically an unpolluted stream, and below Adams the pollution

does not render the condition of the stream objectionable except for a short

distance below the village. The waters of the north branch above North

Adams are polluted somewhat by the wastes from a woolen mill, but are

not objectionable in appearance or odor above the city. Nearly all of the

sewage and manufacturing wastes have been diverted from this stream,

so that the great nuisance that formerly existed in this portion of the river

has largely been transferred elsewhere. The greater portion of the sewage

of North Adams is discharged into the Hoosick River, about a mile below

the junction of the north and south branches, at a place where the stream

is already greatly polluted by manufacturing wastes from factories a short

distance above. The stream at the sewer outlet has a rapid current, and

the conditions about the sewer outlet itself, while very objectionable, are

not noticeably worse than the general condition of the stream, which is

offensive in appearance and odor. At times of dry weather much of the

water of the stream is held back by dams at night and on Sundays, and at

such times the condition of the stream is much worse than usual.

As it passes through Williamstown the appearance of the river gradually

improves, but it is still very badly polluted as it flows into the State of

Vermont.
HousATONic River.

The Housatonic River at the junction of the main branches at Pittsfield

was, up to the latter part of 1902, very badly polluted by sewage and man-

ufacturing wastes discharged into the stream from the city sewers and from

a large number of woolen mills. In the latter part of the year, by the com-

pletion of the sewage purification system, a large portion of the sewage was

removed from the stream and its condition became much improved. It is

still seriously polluted by sewage and manufacturing wastes from the city
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sewers and from mills on the tributaries of the stream in Pittsfield, and the

effect of the pollution is noticeable below the city. The appearance of the

stream iraproves in its course to Lenox. It receives much sewage and

manufacturing waste from the towns of Lenox, Lee and Great Harrington,

in addition to that which it receives above, which noticeably affect the con-

dition of the stream at several points.

The conditions about the outlets at Lenox, Lee and Great Barrington

were not objectionable when examined.

The east branch of the Honsatonic River above Pittsfield is polluted by

manufacturing wastes at Hinsdale and by manufacturing wastes and sewage

at Dalton. The river is very offensive to sight and smell for a consider-

able distance below the village of Hinsdale, and is very noticeably polluted

at Dalton, but was not found to be offensive in odor at this place when

examined.

The west branch of the river in the city is very badly polluted by manu-

facturing wastes, and is offensive in appearance and odor.

The south-west branch is also badly polluted by wastes from a woolen

mill in the westerly part of Pittsfield, which make it unsightly and offensive

through the remainder of its course.

Merrimack River.

The Merrimack River receives a great quantity of pollution by sewage

from cities and towns in New Hampshire and in the valley of the Nashua
River before it enters the State of Massachusetts, but this pollution does not

affect the appearance of the stream immediately above Lowell. The effect

of the great quantity of sewage and manufacturing wastes discharged into

the stream at Lowell is not sufficient to render the water of the stream objec-

tionable to sight or smell below the city, and the stream was used until within

ten years as a direct source of water supply at Lawrence, 9 miles below.

The effect of the discharge of sewage and manufacturing waste into the

river at Lawrence is noticeable for a considerable distance below the city

at times of low flow in the stream, chiefly on account of floating matters

from the manufacturing wastes.

The sewage of Haverhill is discharged at many outlets, but the quantity of

manufacturing wastes discharged into the river here is small, and the condi-

tion of the river below the city is not very different from its condition above.

The river also receives sewage from the city of Newburyport, close to

its mouth.

There are serious local nuisances about many of the sewer outlets in

Lowell. Lawrence and Haverhill, caused by the discharge of sewage at the

banks of the river, where at low water it flows over the ground for a con-

siderable distance before reaching the water, and there are large deposits

of solid matter and pools of sewage at many of these outlets, which in

hot weather are very offensive. The objectionable conditions about such



446 STATE BOARD OF HEALTH. [Pub. Doc.

outlets could be prevented by extending the outlets into the stream, where

they would be covered with water at all times, and the sewage could be-

come thoroughly mingled with the water before it could return to the banks.

Stony Brook, which enters the Merrimack River above Lowell, is badly

polluted, chiefly by manufacturing wastes, and its condition is objectionable.

The Spicket River in its course through Lawrence is greatly polluted

by manufacturing waste, and to some extent by sewage, and is in a very

unsatisfactory sanitary condition.

Little River, as it flows through Haverhill, is also seriously polluted by

manufacturing wastes and sewage, and is offensive to those living in the

neighborhood.
Miller's River.

Miller's River throughout much of its course appears clean and free from

pollution. The sewage of Athol has a noticeable effect on the appearance

of the river for a short distance below that town, but the effect disappears

in the mill pond below. With this exception, the presence of pollution

in Miller's River is not detectable except by analysis, unless in the im-

mediate neighborhood of the sewer outlets. The sewer outlets at Athol and

Orange are not in themselves seriously objectionable, and the most seriously

objectionable outlet is at Miller's Falls, where deposits collect at the edge

of the river.

The sewage of Gardner, much of which is discharged unpurified into a

brook, greatly pollutes this stream, but the region is uninhabited, and the

noticeable effect of the pollution disappears after the stream joins the Otter

River.

The river is also polluted at Winchendon by manufacturing wastes.

Nashua River.

The Nashua River is a highly polluted stream. The North Branch below

Fitchburg is offensive to sight and smell, on account of the sewage and

manufacturing waste discharged into it at Fitchburg and Leominster. The

sewage of Clinton, the only town of importance on the South Branch, is

conveyed to a filtration area. The main stream below the junction of the

North and South branches is objectionably polluted, and has an offensive

odor at times of low flow for several miles, but the visible effect of the

pollution disappears before the stream passes out of the State.

Plans for the removal and purification of the sewage and much of the

manufacturing waste which pollute the stream at Fitchburg and Leomin-

ster are under consideration, and if put into effect would remove the chief

causes of the present objectionable condition of the stream.

Neponset River.

The Neponset River is grossly polluted throughout its length from Wal-

pole to tide water, and an offensive odor is noticeable for a long distance

from the stream in the drier portion of the year.
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The pollution of this stream is caused almost wholly by manufacturing

wastes from the numerous factories and mills along the stream and its

tributaries.

A statute has recently been enacted to prevent the entrance of manufac-

turing waste, and prohibiting the discharge of sewage into the stream or its

tributaries.

QciXEBALG River.

The Quinebaug River is at times noticeably polluted below Southbridge

by sewage and manufacturing wastes from that town. Provision has been

made for the purification of the sewage by filtration, but the works do not

receive sufficient care, and much unpurified sewage is discharged into the

river.

Above Southbridge the stream flows through a sparsely populated region,

and receives in general but little pollution ; but at Wales, near the head

waters, the stream is badly polluted by wool-scouring wastes from several

woolen mills, and this pollution is evident in the appearance of the stream

for a considerable distance from the village.

Cady Brook, one of the tributaries of the Quinebaug River which rises

in Charlton, is badly polluted by sewage and manufacturing wastes from

several small factories in the southerly part of Charlton. This pollution

makes the water of the brook turbid and offensive to smell through much

of its course to the Quinebaug River. By collecting all of the sewage and

manufacturing wastes of the town of Southbridge into the sewers, and

properly maintaining the filtration area, the principal pollution of this

stream could be removed, and the sanitary condition of the main stream

would then be satisfactory.

The nuisances caused by manufacturing wastes at Wales and Charlton

would require local treatment, since there are no sewers at these places.

Taunton River.

The sanitary condition of the Taunton River and of most of its principal

tributaries is in general satisfactory. A small quantity of sewage finds its

way into one of the tributaries at Brockton and pollutes this stream, and a

very small quantity of sewage enters another tributary at Bridgewater, but

the condition of the streams at these places is not seriously objectionable.

The most unsanitary condition found in the Taunton River water-shed

exists at Middleborough, where the sewage of the town is discharged into

the Nemasket River. One of the outlets for this sewage discharges into a

ditch several hundred feet back from the river, through which the sewage

flows with a sluggish current, and is very offensive in the drier portion of

the year. The other outlet discharges into the tail-race of a mill, in which

little or no water flows during much of the time. The eft'ect of the pollu-

tion of the Nemasket River is not noticeable in the Taunton River except

by analysis after the Nemasket River joins that stream. The Taunton

River is used as a source of water supply at the State Farm, after filtration.
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The condition of the Mill River in Taunton, while still objectionable, ha8

been greatly improved by the removal of the sewage from the stream by

the extension of the new sewerage system in this district ; and when the

remainder of the sewage is removed, the sanitary condition of this stream

will become satisfactory.

The principal sewer outlet discharging into the Taunton Riv^er at the

present time is the main outlet of the sewers of the city of Taunton, which

discharges into the stream below the city. The sewage is visible in the

water for a considerable distance about the outlet, but after becoming

mingled with the water lower down stream its presence is not noticeable

except by analysis.

The sewer system of the city of Taunton is being extended to all parts

of the city, and the works, when completed, will provide for the removal

of the sewage from the river to a filtration area, where it is to be purified

before being discharged into the stream.

Ten Mile River.

The Ten Mile River is badly polluted by the sewage of Attleborough,

and by manufacturing wastes discharged into the stream at Plainville,

North Attleborough and Attleborough, and the stream is objectionable in

appearance and odor for a considerable distance below the sewer outlets.

Its condition further down improves, however, and the stream is used as a

source of water supply in Rhode Island, after filtration.

The principal sewer outlet is sometimes a very serious nuisance, on

account of the fact that the water of the stream is held back for consider-

able periods by a dam a short distance above the sewer outlet, when the

sewage flows in the open channel of the river, collecting in pools and

becoming very offensive.

At the lower outlet the sewage is discharged into the head of a mill pond,

and the outlet itself is not seriously objectionable.

The quantity of sewage and manufacturing wastes discharged into the

river at Attleborough is greater than the river is capable of removing in

the drier portion of the year without becoming objectionable. Plans for

the purification of the sewage have been prepared, but no further action

has been taken.

Westpield River.

The Westfield River drains a sparsely inhabited region, and its waters

are nearly everywhere clean and free from noticeable evidences of sewage

pollution. The west branch receives considerable manufacturing waste in

the small villages above Huntington, and the stream is sometimes rendered

turbid by mineral wastes in this village. The waters of the east and middle

branches are not polluted by sewage or manufacturing wastes excepting to

a slight extent at mills in the village of Huntington.
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At Westfield the sewage of the town is discharged into the stream at two

outlets, so located that they are not objectionable ; and the effect of the

sewage on the stream quickly disappears.

A considerable quantity of polluting matter is discharged into the Little

River, a tributary of the Westfield below the town of Westfield, which

noticeably affects the stream about the points of discharge. The sewer

outlets at West Springfield and Agawam are in some cases badly located,

so that the sewage runs over the ground before entering the water, and

objectionable deposits exist at some of these outlets. The quantity of

sewage discharged at these outlets is small, and the objectionable conditions

about them could be removed by extending the sewers into the stream so

that the sewage would not collect on the banks.

A Comparison of the Condition of the Different Rivers at the

Points at which they are polluted by the Sewage of Cities

AND Towns.

The results of the examinations show that sewage may be discharged

into a stre9,m without creating objectionable conditions, unless the water

of the stream is used for water supply purposes or for certain manufactur-

ing or mechanical purposes, if the flow of the stream is sufficient to dilute

the sewage thoroughly, and provided also that the sewage be discharged

into the stream through a properly constructed outlet.

In making the investigations of the effect of sewage disposal, informa-

tion has been collected to determine as closely as practicable the relation

that the quantity of sewage discharged into the various streams bears to

the flow of the streams at the points of pollution, and the results are pre-

sented in a table which follows.

As has already been shown, there is a wide variation in the flow of

streams in different seasons of the year, the period of greatest flow being

in the winter and spring, from December until May ; and the period of

least flow being in summer and autumn, from June to November. Since

there is comparatively little variation in the quantity of putrescible organic

matter discharged in the sewage from a given population in different

seasons of the year, the effect of the sewage upon a stream is greatest in

summer, when the flow is least, and when the other conditions are most favor-

able for the development of offensive odors and objectionable conditions.

The flow of some of the streams of Massachusetts, as already indicated,

has been carefully measured for many years, and from these measurements

the average flow of these streams in the drier portion of the year can readily

be determined. In the cases of other streams polluted by sewage, measure-

ments of the flow have been made from time to time ; and from the results

of these observations, taken in connection with the information now avail-

able as to the areas of the water-sheds and as to the quantity of water

held in storage in reservoirs on the water-sheds of these streams for the
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maintenance of the flow in dry weather, it is practicable to estimate quite

closely their average flow in the drier portion of the year.

Name of Stream.

as
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Referring to the table of flow of the Sudbury River, in a previous portion

of this report, it will be seen that in nearly every year there is a period of

very low flow in the summer season. In a few of the years this period is

short, covering only one or two months, while in other years the period of

very low flow continues for five and even six months. The longer periods

of very low flow represent in general the most objectionable conditions

under which sewage can be discharged into a stream, and if objectionable

conditions do not appear in these periods, they will probably not appear in

the short periods of somewhat lower flow. There are, of course, many

cases in which it is important to consider the conditions that may exist

in periods of extreme low flow, even if they continue for only a few days

or even hours, but objectionable conditions of this sort are usually local

and do not affect the stream as a whole. From the measurements of the

various streams and the other information available the dry-weather flow of

the different streams has been estimated, and is presented in the table.

It would have been impracticable to make measurements of the sewage

from all of the sewers of the different cities and towns discharging sewage

into the streams. As already indicated there are very great variations in

the quantity and character of sewage discharged from the different cities

and towns, on account of differences in the quantity of water used, the

leakage into the sewers, the quantity of manufacturing wastes, etc. ; but in

general it has been found that the quantity of putrescible organic matter

discharged in the sewage of the different cities and towns is approximately

proportional to the population connected with the sewers, unless the char-

acter of the sewage is greatly affected by manufacturing wastes.

Information has been collected to determine as nearly as possible the

population discharging sewage directly into each of the rivers, and the

results are presented in the table. In the third column is given the popu-

lation discharging sewage into the stream within a short distance above the

point indicated, and the total population discharging sewage into the stream

or its tributaries above the point indicated is given in the last column.

The various streams which are polluted by sewage have been arranged

in the order of the ratios of the dry-weather flow of the stream to each

1,000 of the population discharging sewage into the stream immediately

above the point indicated. No account is taken in this ratio of the effect

of sewage discharged into the stream at a considerable distance above the

point indicated, although in some cases the effect of such pollution upon

the water of the stream has not disappeared. Some of the rivers, such as

the Deerfield, which is very slightly affected by sewage, and the Blackstone

and Neponset, which are grossly polluted, have not been included in the

table, and others have been omitted in cases where definite data are lacking.

It will be seen that at the top of the list are those streams in which

objectionable conditions have not been found, excepting in cases where local

nuisances exist by reason of an improperly located sewer outlet. The first
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case given in the table in which the water of a stream is rendered generally

objectionable by pollution is that of the French River at Webster. At this

place it will be found, by reference to the details of the examination of this

stream, that the quantities of manufacturing wastes from wool scouring and

cloth washing discharged into the stream are so great that the effect of the

sewage alone is not determinable.

The sewage of the city of Taunton is being discharged into the Taunton

River temporarily, pending the completion of the works and the installation

of a sewage purification system. It does not appear that the river is badly

polluted, except in the neighborhood of the sewer outlet at the present time.

The Nemasket River below Middleborough has been the subject of seri-

ous complaint, and the Green River at Greenfield has been objectionable in

dry weather. The Fort River at Amherst flows through an uninhabited

region for a long distance below the sewer outlet, so that attention has not

been directed to the condition of the stream. The Manhan River has not

thus far been made seriously objectionable by the Easthampton sewage,

evidently on account of the fact that this sewage is discharged into a large

pond, through which it flows before entering the river.

The results of the investigations show that where the quantity of water

available for the dilution of the sewage in a stream exceeds about 6 cubic

feet per second per 1,000 persons discharging sewage, objectionable condi-

tions are unlikely to result from the gross pollution of all the water of a

stream in dry weather. Under favorable circumstances, such as in cases

where the sewage is discharged at many outlets into a large body of water,

objectionable conditions may not result where the dilution is somewhat less

than 6 cubic feet per second per 1,000 persons; but objectionable condi-

tions have resulted in all of the cases thus far examined where the flow has

been less than 3.5 cubic feet per second per 1,000 persons discharging

sewage into the stream.
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FOOD A^T DEUG INSPECTION.

The work of the year 1902 completes nearly twenty years of food and

drug inspection by the State Board of Health, this department having been

organized and the work begun in 1883. A general food statute had been

enacted in 1882, as a result partly of investigations made by the Board in

previous years and partly on account of agitation of a national character,

which resulted in the formation of a national committee in 1880 upon this

subject. This committee offered a prize for a draft of a law for the pre-

vention of food adulteration. The best draft was that of Professor Wigner

of London, which was made the basis of the new law which, after its

enactment in 1882, has stood the test of twenty years, and has been copied

with few amendments in other States.

Of the operation of this act, the inspection made, the prosecution of

offenders conducted and the beneflts secured to the people of the State, the

reports of the past twenty years give ample evidence.

The following report treats of the operations of the Board under the pro-

visions of this act during the year ended Sept. 80, 1902. The report made

to the Legislature in January, 1903, " of the number of prosecutions made
under the act and an itemized account of the money expended in carrying

out the provisions thereof" is also embodied in this annual report.

The following persons comprised the force employed by the Board during

the year in this department :
—

Albert E. Leach, .

c. a. goessmanx,

Hermann C. Lythgoe,

John F. McCaffrey,

John H. Terry,

Horace F. Davis, .

Analyst.

Analyst.

Assistant Analyst.

Inspector.

Inspector.

Inspector.

The number of samples of food and drugs examined during the year is

shown in the accompanying table, together with a condensed summary of

the work done since and including the year 1883. The full table published

in earlier years is omitted in the present report, the following condensed

table being substituted for the sake of brevity :
—

Number of samples of milk examined.

Number of samples above standard,

Number of samples below standard, .

Percentage of adulteration or deficiency,

6,256

4,307

1,949

31.1
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Number of samples of other kinds of food examined (not milk), 3,090

Number of samples above standard, 2,538

Number of samples below standard,

Percentage of adulteration,

Number of samples of drugs examined, ....
Number of samj^les of good quality, .....
Number of samples adulterated (as defined by the statutes).

Percentage of adulteration,

Total number of samples of food and drugs examined.

Total number found to be of good quality, ....
Total number found not conforming to the statutes, .

Percentage of adulteration,

552

17.8

1,124

636

488

43.4

10,470

7,481

2,989

28.1

Food and Drug Inspection (1883-1902).

Total
1883-1902.

Number of Bamples of milk examined,
Number of samples above standard,
Number of samples below standard
Percentage of adulteration,

Number of eamples of other kinds of food examined (not milk),
Number of samples of good quality,

Number of samples adulterated, as defined by the statutes,

Percentage of adulteration

Number of samp'es of drugs examined,
Number of samples of good quality,

Number of samples adulterated, as defined by the statutes,

Percentage of adulteration

Total examinations of food and drugs
Total examinations of good quality, ......
Total examinations not conforming to the statutes,

Percentage of adulteration,

Expense of collection, examination and prosecution, .

Expense of collection, examination and prosecution, per sample,

6,247
4,490
1,757
28.1

3,120
2,530
590

18.9

958
468
490
51.3

10,325
7,488
2,837
27.5

$12,341 38
1 19

6,256
4,.307

1,949
31.1

3,090

2,538
552
17.8

1,124
636
488

43.4

10,470

7,481

2,989
28.1

$11,700 23
1 12

76,119
48,161
27,958
36.7

48,935
39,812
9,123
18.6

13,255
8,120

5,135
38.7

138,309
96,093
42,216
30.5

$196,989 52
1 42

From the foregoing table it appears that 10,470 samples of food and

drugs were examined during the year ended Sept. 30, 1902, of which

number 2,989, or 28.1 per cent., were found not to conform to the legal

standard. It has been stated many times in previous reports that this

large ratio of adulteration does not represent the proportion of adulteration

which exists in the general food supply, but only the percentage which

exists in such articles as are collected for examination, these being chiefly

the articles which are known by experience to be specially liable to adulter-

ation.
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The whole number of samples of food and drugs examined since the

beginning of work in 1883 was 138,309, of which 76,119, or more than

one-half, as required by the statutes, were samples of milk. The amount

expended in the enforcement of the food and drug acts since the beginning

of work has been 8196,989.52, and the expense per sample $1.42 for the

whole time. This expense has been reduced from $2.26 per sample in

1883 to SI. 12 in 1902.

In the report of the analyst for 1902 special attention is directed to sev-

eral summaries, embracing the work of several years. First. The experi-

ence of the laboratory in the examination of milk for artificial coloring

matter shows that this method of adulteration had been used in 343 samples

out of 48,519 in all in nine years, or only seven-tenths of 1 per cent. This

form of adulteration is usually employed to conceal other methods and give

the milk the appearance of a milk of unusually good quality. Second. A
similar summary is presented relative to the use of preservatives, embracing

a period of five years (1898-1902). The number of samples examined for

this purpose was 9,257, of which number 376, or 4 per cent , contained

preservatives of some sort. In several of the recent reports of the Board

the results of examination of samples of condensed milk have been pub-

lished, and in consequence of this publication considerable correspondence

has been had with parties who manufacture brands which, upon analysis,

proved to be of inferior quality. Since the fat or cream is the most valu-

able constituent of the milk, it is convenient to assume the fat contents

as a measure of quality. Reference to reports of the Board show that the

amount of fat in condensed milk varies from as low as 5 per cent, to as

much as 12 per cent, or more. Unfortunately, there is no legal standard

of condensed milk. So long, however, as many brands are found to con-

tain as much as 10 to 12 per cent, of cream, representing from 3i to 5 per

cent, of cream in the original milk from which the condensed milk is made,

it would appear entirely reasonable to expect that condensed milk should

contain as much as 9 per cent, of cream, although it might be difficult to

maintain a complaint at court, in which the cream fell below that percent-

age, in the absence of such standard.

One of the excuses of food adulterations is that it is necessary to add

certain substances to render such articles salable. The substances adiled,

however, are invariably of inferior quality or price. Upon the label of cer-

tain brands of honey it is stated that sugar has been added to prevent crys-

tallization. It is quite possible, however, to find good honey without this

addition. So, also, with certain spices, which are ground entire with the

shells or hulls ; a reasonable percentage of such shells or hulls may be

present, but a large excess indicates adulteration, either intentional or

otherwise. The amount of adulteration in spices and in coffee compared

with that which existed twenty years ago is very small, the change in this
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class of food having been very largely wrought by the action of the

law.

In the twenty-eighth annual report of the Board (1896) a list of certain

proprietary medicines containing alcohol, and certain other proprietary

articles containing poisonous and injurious ingredients, was published by

the Board. The information thus published has been sought for from very

many sources, and the edition was exhausted in a few years. Hence it has

seemed desirable to republish the information which formed part of that

report in a new edition, with such additions of new material of the same

character as have been made since that time.

The addition of the work of analyzing intoxicating liquors to the work

of this department by a statute of 1902 has materially increased the work

of the office and rendered an additional appropriation necessary for this

special work. An account of the work performed in the laboratory in this

direction is appended to the analyst's report.

The following list contains the names of the cities and towns to which

notices were sent on account of adulterated articles and the number sent

to each :
—

Cities and Tow7is to which Notices were sent on Account of Adulterated Milk iti 1902.

Attleborough, 8
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Cities (ind Towns to which Notices were sent on Account of Adulterated Articles of

Food Other than Milk.

Attleborough, 1
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Prosecutions.

The following condensed summaiy is presented in accordance with the

custom which has been followed in the reports of the past ten years.

The following table presents the same figures, with the addition of the

data relating to the prosecutions conducted during the year ended Sept. 30,

1902: —
Number of Comiilaints entered in Court.
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Office of the State Board of Health,
State House, Boston, Jan. 7, 1903.

To the Honorable Senate aiid Uotise of Representatives of the Commonwealth of

Massachusetts in General Court assembled.

The following summary is made in compliance with the provisions of

chapter 75 of the Revised Laws, requiring the State Board of Health to

"report annually to the Legislature the number of prosecutions made

under the provisions of the food and drug acts, and an itemized account of

all money expended in carrying out the provisions 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

ended Sept. 30, 1902, was 76.

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

results, are presented in the following list :
—

Milk and jMilk Products.

Place.

Lowt'll,

Lowell,

Lowell,

Lowell,

Lowell,

Lowell,

Lowell,

Lowell,

Lowell,

Lowell,

Lowell,

Lowell,

Lowell,

Lowell,

Fall River,

Fall River,

Fall River,

Worcester,

AVorcester,

Salem,

Salem,

Beverlj',

Beverly,

Somerville,

Marlborough,

Marlborough,

For Fraudulent Sales of Milk
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Place.

Chelsea,

Chelsea,

Newton,

Quincy,

Peabody,

Peabody,

Peabody,

Peabody,

Acton,

Middleton,

Middleton,

Townsend,

Dover,

Needham, ,

Weston,

Clinton,

Bedford, .

Palmer,

Westborough,

Warehara,

.

Milford, .

Dedham, .

Fall River,

Worcester,

Worcester,

Worcester,

New Bedford,

New Bedford,

New Bedford,

Fitchburg,

Fitchburg,

Waltham, .

Waltham, .

Springfield,

Salera,

Salem,

Leominster,

New Bedford,

Blackstone,

Milk and Milk Products— Concluded.

For Fraudulent Sales of Milk— Concluded.

Date.

June
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Place.

New Bedford,

New Bedford,

Cider Vinegar.

Date.

March 12, 1902, .

March 12, 1902, .

Result.

Convicted.

Convicted.

New Bedford,

Pepper.

Nov. 1, 1901, . Convicted.

Fitchburg.

Maple Syrup.

May 16, 1902, . Convicted.

New Bedford,

New Bedford,

Boston,

Drugs.

Phosphate of Soda.

Feb. 19, 1902, .

Feb. 19, 1902, .

Quinine Pills.

March 15, 1902, .

Convicted.

Convicted.

Convicted.

Cases entered in court but not under the food and drug acts :
—

For Sale of Alcohol not of Standard Quality.

Brockton, .... Aug. 12, 1902, Convicted.

Brockton, .... Aug. 12, 1902, Convicted.

Brockton Aug. 12, 1902, Convicted.

For Sale of Cloth containing Arsenic in Excess of the Prescribed Legal Limit.

{Revised Laws, chap. 213, § 8.)

Boston, .... Sept. 19, 1902, Convicted.

Summary.

The number of complaints entered by the State Board of Health during

the year ended Sept. 30, 1902, iu the courts of the Commonwealth, against

parties for violation of the statutes relating to food and drug Inspection,

and other allied acts, was 76. In 74, or 97.4 per cent., of these the parties

were convicted, and 2 were discharged.

Of the whole number, 63 were for violation of the statutes relating to the

adulteration of milk and milk products, and of this number 61 resulted in

conviction. The greater number of these were for violation of the statutes

providing that milk offered for sale shall be of good standard quality. In

5 of the foregoing cases the complaints were made on account of milk con-

taining coloring matter, and in 4, on account of the presence of formalde-

hyde, which had been added for the purpose of preserving the milk.
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When coloring matter is added the milk is usually otherwise adulterated

by the addition of water, or by the abstraction of cream.

The other articles of food with reference to which complaints were made
were as follows : molasses, 2 cases ; cider vinegar, 2 cases ; pepper, 1 case

;

maple syrup, 1 case.

The complaints relating to drugs were for sales of phosphate of soda

containing arsenic, and quinine pills which were considerably below the

weight indicated upon the label.

The whole number of samples of food and drugs examined in this depart-

ment since the beginning of work in 1883 was 138,310, and the number of

complaints entered in court was 1,647.

The average cost per sample, for collection, analysis and other work, has

been reduced from S2.26 per sample in 1883 to $1.12 in 1902.

The following list presents the total solids in each of the samples of milk

upon which complaints were founded, so far as records of the same were

kept :

—

7.50
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Fines.

The amount of fines paid into the treasuries of counties, cities and towns,

under the provisions of the general and special acts relating to food and

drugs and other articles, was as follows :
—

Fines paid for violation of the acts relating to milk and milk prod-

ucts upon cases entered during the year ended Sept. 30, 1902, . §1,730 98

Under other laws relating to food, and other articles liable to inspec-

tion, 887 00

Total, f2,617 98

The whole amount of fines imposed since the beginning of the enforce-

ment of the acts relating to food and drug inspection, to Sept. 30, 1902,

was $39,621.82.

Expenditures

Under the Provisions of the Food and Drtig Acts during the Tear ended Sept. 30,

1902.
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REPORT OF THE MALYST.

By Albert E. Leach.

Dr. S. W. Abbott, Secretary of the State Board oj Health.

Dear Sir :— I herewith submit my report on the analyses of food and

drugs for the year ending Sept. 30, 1902.

The character of the samples submitted for analysis varies but little

from year to year. This is largely due to the fact that only the suspected

varieties are as a rule examined, long experience having shown the par-

ticular kinds, both of foods and of drugs, most liable to adulteration. New

adulterants are, however, from time to time encountered, and more skill

is now shown than ever before in the preparation of fraudulent brands.

Milk.

In accordance with the custom of the past nineteen years in this depart-

ment, the percentage of total solids in all the samples collected has been

determined. In the earlier years of milk inspection, when fewer samples

were collected, all were also examined for fat. In recent years it has been

found sufficient to make a determination of fat in such samples only as have

been found below 12 per cent, in solids. Methods employed in this labora-

tory for the analysis of milk, including the detection of colors and preserva-

tives, have been given in full in the analyst's reports for the last four years.

During the present year a new form of milk container has been adopted

for the use of the inspectors in collecting samples. This consists of a wide-

mouthed, cylindrical, eight-ounce bottle of flint glass, about five inches in

height, fitted with a pure rubber stopper and having a square ground panel

on the side, in which the number of the sample may be conveniently written,

thus doing away with the use of tags and adhesive labels.

The usual statistics showing the geographical distribution of milk samples

collected and examined during the year, with the results of the analysis,

are summarized as follows :
—
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Milk from Towns.

Towns.
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Milk from Suspected Producers.

Number
above

Standard.

Number
below

Standard.

Total
Samples
collected.

Per Cent.
below

Standard.

Total
Soliilg in
Lowest
Sample.

Acton,

Bedford, .

BoylstoD, .

Concord,

Dover,

Holliston, .

Leominster,

Needham, .

Norwood, .

Roslindale,

Sudbury, .

Townaend,

.

Wayland, .

Weetborough,

Warren,

WestoQ,

Westwood,

Summary,

100.0

44.4

100.0

71.4

100.0

100.0

0.0

76.4

15.0

0.0

0.0

40.0

37.5

100.0

100.0

95.0

100.0

217 65.9

9.63

8.80

7.72

11.27

10.87

9.32

12.49

9.84

11.74

12.00

12.27

10.79

12.87

7.92

10.97

10.00

12.32

7.72

Summary of Milk. Statistics.
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Quality of Milk by Months.

3

8 I

Number having more than 15 per cent, of
total solids, . . . . . .

Number having between 14 and 15 per cent.

of total solids

Number having between 13 and 14 per cent.

of total solids, ......
Number having between 12 and 13 per cent.

of total solids,

Number having between 11 and 12 per cent.

of total solids,

Number h vving between 10 and 11 per cent.

of total solids, . *

Number h <viig between 9 and 10 per cent.

of total solids,

Number having between 8 and 9 per cent
of total solids

Number having less than 8 per cent, of total

solids, .

Number of samples of skimmed milk above
the standard

Number of samples of skimmed milk below
the standard,

10
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Artificial coloring in milk is usually apparent to the practised eye, espe-

cially after the cream has risen, by reason of the fact that, unlike the

natural color of milk, it is not confined to the fat, but is distributed through

the entire mass. This is more readily evident when glass bottles are used

as containers. Thus the observing analyst can, in many cases, detect sus.-

picious samples during the process of analysis for total solids, reserving

them for subsequent analysis for color. Unlike added color, there is

nothing in the physical appearance of milk to suggest the presence of

preservatives, nor are they rendered apparent to the taste or smell, if skil-

fully used. For this reason, and on account of the increased tendency of

late years to use preservatives, especially during the summer season, it has

been our practice during the months of June, July, August and September

to examine all the samples of milk collected for the presence of the com-

monly used preservatives, namely, formaldehyde, boric acid and sodium

carbonate.

The following table shows in a summarized form the extent to which

these preservatives have been found in milk examined during the summer

seasons of the past five years :
—

Preservatives in Milk.

Ykar Samples
^'*^'^''-

examined.

1
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pect the presence of a preservative in milk after tests have proved the

absence of the above commonly used preservatives, benzoic and salic3'lic

acids should be looked for, although they are not considered ideal milk

preservatives. Indeed, in the case of salicylic acid, a distinct sweetish

taste is imparted to the milk containing it, especially after standing for

some time. In order to detect these preservatives the following methods

are employed.

Benzoic Acid. — Add 5 cubic centimeters of dilute hydrochloric acid to 50

cubic centimeters of the milk in a flask and shake to curdle. Then add

150 cubic centimeters of ether, cork the flask and shake well. Break up

the emulsion which forms by aid of a centrifuge, or, if the latter is not

available, extract the curdled milk by gently shaking with successive por-

tions of ether, avoiding the formation of an emulsion.* Transfer the ether

extract (evaporated to small volume, if large in bulk) to a separatory fun-

nel, and separate the benzoic acid from the fat by shaking out with dilute

ammonia, which takes out the former as ammonium benzoate. Evaporate

the ammonia solution in a dish over the water bath till all free ammonia
has disappeared, but before getting to dryness add a few drops of ferric

chloride reagent. The characteristic flesh-colored precipitate indicates

benzoic acid. Care should be taken not to add the ferric chloride till all

the ammonia has been driven off, otherwise a precipitate of ferric hydrate

is formed.

Salicylic Acid. — Proceed exactly as directed for benzoic acid. On
applying the ferric chloride to the solution after evaporation of the am-
monia, the well-known violet color indicates salicylic acid when present.

Erratum from the 1901 report for the method of determining milk sugar,

on page 443, line 16, for •' 200 " read " 100."

Condensed Milk.

Twenty-three new brands of condensed milk have been examined during

the year, and 40 brands the full analyses of which have been given in past

reports. Six of these brands are shown on analysis to have been prepared

from skimmed milk, being decidedly deficient in fat. We have adopted

the custom of making full analysis only of the new brands, while the old

ones are simply submitted to an examination for fat and ash. Full methods

for the analysis of condensed milk were given in the analyst's previous

reports. A new method for computing the fat in the original milk has

recently been adopted, by which the calculation may be made without a

complete analysis of the sample, by simply determining the fat and ash.

Assuming .70 per cent, as the ash of pure milk, the factor representing

the " number of times condensed " is found by dividing the ash of the con-

* A volame of ether largely in excess over that of the curdled milk hiia been found to be lees apt to

form an obstinate emulsion.
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densed milk by .7. The " fat in the original milk " as thus calculated is of

course an arbitrary factor, and is useful only in deciding whether or not

skimmed milk has been used in preparing the sample. By assuming the

highest reasonable figure for the ash of natural milk, it is readily seen that

the highest result is obtained for the fat in the original milk, and hence the

benefit of any doubt is given to the manufacturer.

The ash of the condensed milk sample is conveniently obtained by evapo-

rating to dryness 12.5 cubic centimeters of the 40 per cent, aqueous solu-

tion of the sample which forms the basis of the various determinations, this

volume corresponding to 5 grams of the sample. The residue is then

incinerated in the muflfle, cooled and weighed. If the fat in the original

milk as above calculated is found to be much below 3 per cent., there is

evidence to show that skimmed milk has been used. This method of pro-

cedure is considered more accurate than that hitherto adopted for calculat-

ing the fat in the original milk, since the milk ash is a more constant factor

than the percentage of solids not fat on which the old method was based.

In the case of cheese, it is safe to assume that skimmed milk has been used

for its preparation when tlie proteids exceed the fat. This rule, however,

does not apply in the case of condensed milk, as will be seen by reference

to the tables.

Co?idensed Milk.

Brand.
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Condeyised Milk.

Brand.
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that butter fat, which is in itself exchisively the product of milk, will

mingle intimately with milk when added thereto in a melted condition

and cooled therein, while oleomargarine, being foreign to milk fat, will,

under like conditions, refuse to diffuse itself naturally in milk as a medium.

About 50 cubic centimeters of sweet skimmed milk are heated nearly to

boiling in a beaker, and from 5 to 10 grams of the sample to be tested are

added. The mixture is then stirred, preferably with a small wooden stick,

until the fat is melted. The beaker is then placed in a dish of ice-water

and the stirring continued till the fat reaches the solidifying point, at

which limit, if the sample is oleomargarine, the fat can readily be collected

by the stirrer into one lump, but if it is butter it cannot be collected, but

remains in a granulated condition, distributed through the milk in small

particles. It is not necessary to keep up the stirring through the entire

time of cooling, but to begin stirring before the fat starts to solidify, which

should require from ten to fifteen minutes after the mixture is placed in

the ice-water. This test, if carefully carried out, shows a marked distinction

between butter (whether pure or renovated) and oleomargarine. Under

certain conditions, as when cooling is too rapid, samples of renoVated butter

fat will sometimes show a slight tendency to clot together, as in the case

of oleomargarine, but to no such extent as the latter. Not only does it

identify oleomargarine from butter, but in nearly every case renovated

butter can be distinguished from genuine. As a rule, genuine butter fat,

even after cooling to the solidifying point, shows the greatest tendency to

emulsionize with the milk when stirred, without as a rule adhering to the

wooden rod, and is very slow to come to the surface when the stirring is

stopped. Renovated butter fat, when stirred in the cooled milk, immedi-

ately gathers in a film on the surface of the milk when the stirring is

stopped, but without emulsionizing. While it does not clot together like

oleomargarine, it tends to adhere slightly to the wooden rod.

Uncolored Oleomargarine. — Since the passing of the act imposing a tax

on oleomargarine colored to resemble butter, the attempt has been made by

manufacturers to produce a naturally colored oleomargarine with as deep a

yellow tint as possible. The result has been that products possessing a much

deeper natural color have been made than was formerly thought possible,

due largely to various devices on the part of the manufacturer to impart as

deep a color as possible in the process of manufacture to the oleo oil,

cotton-seed oil and other ingredients used in its preparation. Brands are

now in the market that would formerly have been judged artificially colored

by their appearance, which, on chemical analysis, do not show the pres-

ence of an artificial dye. Palm oil is said to be used for increasing the

color.
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Twenty-seven samples were examined, all of which were found to con-

form to the law.

Chocolate and Cocoa.

Forty-five samples were examined, of which 18 were found to be adulter-

ated with corn, wheat, arrowroot and cocoa shells. The worst sample was

found to contain 35 per cent, of wheat.

Coffee.

Only 2 samples out of 125 examined were found^to^be adulterated. The

adulterants found in both cases were chicory and wheat.

Confectionery.

The single adulterated sample out of the 31 examined was so classed by

I'eason of containing peppermint made with decomposed oil.

Cream of Tartar.

Three hundred and twenty-six samples were examined, 20 of which were

found to be adulterated, the adulterants being, as usual, cornstarch, acid

phosphate of lime and calcium sulphate. One of those samples was found

to contain no tartrate whatsoever, and consisted entirely of a mixture of

starch and acid phosphate-. Its acidity was about nine-tenths that of

normal cream of tartar.

Flavoring Extracts.

Lemon Extract. — Sixteen samples of lemon extracts were analyzed, 13

of which were found not to conform to the standard. Many brands are

still found in the market containing no oil of lemon whatsoever, while

others contain it, but in amounts far below the standard, which is 5 per

cent. More of these preparations than formerly are marked with formulae

stating the name and percentage of the ingredients, but these are often

found to be misleading or deceptive. The chief trouble is that the alcohol

used is too dilute to dissolve the required amount of lemon oil.

The following brands of lemon extract were classed as not being of

standard quality through insufficient lemon oil, without a formula stating

the correct amount present :
—



480 STATE BOARD OF HEALTH. [Pub. Doc.

Lemon Extracts not of Standard Quality.



No. 34.] FOOD AND DRUG INSPECTION. 481

Methods for the determination of coumarin and vanillin have been given

in full in past reports. Artificial vanilla extracts, by which are meant

those not prepared from the vanilla bean, but alcoholic tinctures of

artificial vanillin and' usually coumarin, are distinguishable from the true

extracts in a variety of ways. If a portion of the extract be freed from

the alcohol by evaporation, made up to its original volume with water and

acidified with acetic acid, in the case of a true extract a reddish brown

precipitate of resin will form. Absence of such a resin would indicate an

artificial extract. Again, with a true extract of the bean, a copious pre-

cipitate should occur on treating the filtrate from the resin with basic lead

acetate. Absence of such a precipitate indicates an artificial extract. The

character of the resin when submitted to various tests suggested by

Hess* furnishes useful clues in deciding the origin of the extract.

Coumarin and vanillin are readily distinguished from each other as fol-

lows : an aqueous solution of vanillin is turned green by the addition of a

drop or two of ferric chloride, coumarin being unafi'ected. An aqueous

solution of coumarin, unlike vanillin, forms a precipitate when iodine in

potassium iodine is added in excess, the precipitate being at first brown

and flocculeut, and afterwards, on shaking, clotting together to form a dark

green curdy mass, leaving the liquid perfectly clear. Crystals of coumarin

and vanillin when tolerably pure may be distinguished from each other

microscopically as follows : — a few drops of the ether solution of the crys-

tals are poured directly on a slide and allowed to evaporate spontaneously.

Vanillin under best conditions crystallizes from ether in long, slender

needles, often radiating from central points or forming star-shaped bundles.

Coumarin crystals are shorter and thicker than those of vanillin. With

polarized light under the microscope, vanillin crystals give a brilliant play

of colors between crossed nichols even without the selenite plate, while

coumarin crystals without the selenite are almost lacking in colors and

show very little play when the selenite is employed. Several repeated crys-

tallizations may be found necessary before the best results are obtained.

Honey.

F'orty-three samples of honey were examined, 15 of which were found to

contain one or the other of the usual adulterants, cane-sugar and commer-

cial glucose. One sample was found to contain 26 per cent, of cane-sugar,

another 90 per cent, of glucose ; a third sample was found artificially

colored with tropaeolin.

Lard.

Twenty-two samples were examined, of which 4 were found adulterated.

These were sold as genuine lard, and consisted of the usual ingredients of

compound lard, cotton-seed oil and lard stearine.

* Journal American Chemical Society, 21 (1899), p. 719.
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Maple Sugar and Syrup.

The 6 samples of maple sugar examined were all passed as genuine. Of

the 28 samples of syrup, 5 were pronounced adulterated either by an ad-

mixture of commercial glucose, or because they were found to consist

chiefly of cane sugar other than maple. One sample was examined con-

taining 20 per cent, of commercial glucose.

Molasses.

Thirteen samples were found adulterated out of the 146 analyzed, the

adulterant in all cases being commercial glucose. One sample was found

with 80 per cent, of this substance.

Spices.

Allspice. — Seven adulterated samples were found, out of 199 examined.

The adulterants were wheat and exhausted ginger.

Cassia. — Out of the 215 samples examined, 5 were found to be adul-

terated. Exhausted ginger and cassia buds were the adulterants.

Cayenne. — Sis samples were adulterated out of 66 examined. The
worst sample contained 30 per cent, of corn starch and turmeric.

Cloves. — One hundred and ninety-six samples were examined, of which

31 were found to be adulterated. The adulterants found were allspice,

nut shells, sawdust, sand and sweepings.

Ginger. — Out of the 246 samples examined, 17 were found to be adul-

terated. Turmeric, corn starch, buckwheat and allspice were found in the

impure samples. The worst sample contained 30 per cent, turmeric, buck-

wheat and powdered charcoal.

Mace. — Twelve out of the 24 samples examined were adulterated.

Corn starch and wild mace furnished the adulterants.

Mustard. — Two hundred and eighty-five samples were analyzed, of

which 90 per cent, were impure by reason of containing starch, turmeric,

or an excess of mustard hulls. The worst sample contained 60 per cent,

of corn starch and turmeric.

Nutmeg. — Seven samples were examined, all of which were pure.

Pepper.— Three hundred and eighty-six samples were examined, 33 of

which were adulterated. Materials used as adulterants were pepper shells

in excess, olive stones, nut shells, ginger, corn, buckwheat and sawdust.

Tea.

Forty-four samples were examined, all of which were genuine.

Vinegar.

Two hundred and seventy samples of alleged cider vinegar were ex-

amined. One hundred and seventy-eight were condemned, either by reason
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of their being below the standard fixed by law, or as being artificial products

sold for cider vinegar. About 100 samples of those classed as adulterated

failed to conform to the standard, while 75 samples, though sold as cider

vinegar, and though some of them were above the legal standard for solids

and acidity, were undoubtedly not the exclusive product of pure apple cider

as specified by law. Much attention is now paid to the detection of artifi-

cial cider vinegars, with the result that the spurious products are nearly

always capable of detection, in spite of the skill of late shown in their

manufacture. The following tables show the result of the examination of

the two classes of adulterated vinegar :
—

Cider Vinegar not of Good Standard Quality.
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Vinegar not the Exclusive Product of Pure Apple Cider.

Acid (Per
Cent.).
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Acid
(Percent.).

Solids
(Per Cent.)-

Polarization.

Maximum, 6.36

MiDlmum, ..,....-.. 4.50

Mean, 4.84

4.00

2.01

2.43

—5.4

—0.4

—2.0

The following analyses were made of 4 cider vinegars of known purity,

the first 2 of which were fifteen years old :
—

Acid (Percent.).
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Miscellaneous samples worthy of comment are the following :
—

Cider. — The single sample of bottled cider examined was found to con-

tain salicylic acid.

Javis and Jellies. — Twelve samples of these preparations were examined,

only one of which was found to be of good standard quality. Many of the

adulterated samples contained formulae on the labels, but those formulae were

misleading, in that they did not state all the ingredients regarded as adul-

terants. Frequently when artificial colors were present this was not stated

in the formula. The same was often true in regard to preservatives.

Seven of the samples examined contained benzoic acid as a preservative,

while 3 contained salicylic acid.

Method for detecting Benzoic Acid. — The ordinary test for benzoic acid

by extraction with ether, separating with ammonium hydrate and treating

with ferric chloride after the ammonia has been driven off, as detailed in

the analyst's report of 1899, page 640, is frequently unsatisfactory in the

case of highly colored jellies and jams, especially when the coloring matter

employed is soluble in ether. In this case the characteristic color of the

ferric benzoate is apt to be obscured by the coal tar dye.* In such cases

the following method of procedure is adopted : extract the acidified sample

with ether, add ammonia to the ether extract in excess and evaporate to

dryness in a large watch-glass. Fasten with clips or otherwise another

watch-glass of the same size above it, thereby forming a double convex

shell, a sheet of filter paper being preferably interposed between the two

glasses, and heat the lower watch-glass on a small sand bath or over a low

flame. If benzoic acid is present, crystals of the same will be sublimed on

the upper watch-glass, where they may be recognized under the microscope,

or they may be dissolved in dilute ammonia, the solution evaporated to

dryness, the residue taken up in water and the final solution tested by ferric

chloride in the usual manner.

Grajye Juice. — Six brands were examined, 2 of which contained sali-

cylic acid. These were " Fine Fruit Grape Shrub," put out by J.

Hungerford, Rochester, N. Y., and " Fenner's Chatauqua Grape Juice,"

manufactured by Fenner's Chatauqua Fruit and Grape Juice Company,

Westfield, N. Y.

Ketchup. — Two brands were examined, both of which were found to

contain no added preservative, but to be colored with a coal-tar dye. They
were iherelore classed as adulterated, because they bore no label stating

the presence of color. As an example of the character of the material

used in many of the cheaper preparations of tomato ketchup, the following

quotations are of interest, taken from the circular of a commission mer-

'*' The test as ordinarily carried out is also inapplicable to such products as sweet pickles, in which
benzoic acid has been used as a preservative, by reason of the precipitate of basic ferric acetate when
the ferric chloride is finally applied.
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chant outside the state, the circular being headed in large letters " Tomato

Pulp for Sale," and advertising some 12 different grades for use in making

ketchup :
—

"One hundred barrels old goods, made partly from whole stock and

partly waste, boiled down nearly to catsup thickness, has preservdliyie in it
;

fine goods but some of it is fermented
;
packed in good oak whiskey and

wine barrels. Price, $2 per barrel."
"

"Two hundred and twenty-five barrels new goods, made from waste,

has benzoate of soda in it, packed in good whiskey and wine barrels, at $3

per barrel net cash."

"Three hundred barrels old goods, partly whole stock, partly waste,

has salicylic acid in it ; nice goods, but some of it is fermented. Price, $2

per barrel."

" Four hundred barrels new goods, Jersey style, good red color. Price,

$3 per barrel."

With prices as low as the above quotations indicate, it is difficult to see

how a cheaper basis for ketchup than real tomato stock could be supplied,

so that pumpkin pulp and other materials alleged to be used for such prep-

arations could not be furnished at a much lower price.

Lime Juice. — Five brands were examined, as follows :
—

Brand.
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Readings on Butyro-refractometer of Edible Oils and Fats.

Tempera-
ture C.
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Summary of Statistics of Food, exclusive of Milk.
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worst sample consisted almost entirely of buckwheat, turmeric and a coal-

tar dye. Other adulterants found were wheat and corn.

Cera Alba and Cera Flava. — More than half of the waxes examined

were found to be adulterated with paraffin.

Extractum Glycyrrhizce. — One sample was found to be adulterated,

containing added corn starch.

Glycerinxim. — Nineteen samples out of the 143 examined were found to

be slightly arsenical, showing a marked improvement over past years.

Liquor Calcis. — Six of the 13 samples examined were found to be below

the standard fixed by the Pharmacopoeia, a standard which is somewhat

lower than our experience with properly prepared lime water would seem to

warrant. The worst sample contained 57 per cent, of the strength required.

Oleum Caryopliylli. — The two adulterated samples of this oil were found

to contain alcohol, in one case to the extent of 17 per cent. Methods for

the detection and determination of alcohol in essential oils are given in

the analyst's report for 1901, page 476.

Oleuvi Limonis. — Twenty-four samples were examined, 17 of which

were found to be adulterated by reason of the presence of alcohol or tur-

pentine.

Oleum Olivce. — Thirty-two samples, amounting to about one-third of

those examined, were adulterated. Most of the adulterated samples con-

sisted wholly or in part of cotton-seed oil. One was found to be cod-liver

oil, but undoubtedly was sold by mistake ; another sample contained from

11 to 12 per cent, of cocoa-nut oil, the latter being rendered apparent by

the abnormally high Reichert-Meissl number, and low iodine number and

refractive index ; a third sample contained sesame oil, as shown by the

Badouin test.*

Pnlvis Glycyrrhizce Compositus. — Only 1 sample of the 22 examined

was found to be impure, by reason of added wheat starch.

Qidnince Sulphas. — Twenty-five samples were examined, 1 of which was

found with more of the other cinchona alkaloids than the Pharmacopoeia

allows.

Sodii Boras. — Twelve samples were examined, 4 of which consisted

largely of sodium bicarbonate.

Sodii Phosphas. — Seventeen samples out of the 141 examined were

found to be arsenical beyond the limit fixed by Pharmacopoeia. One

sample, which was prosecuted in court, contained 80 parts per 100,000,

or nearly one-tenth of 1 per cent of arsenic.

Spiritus Frnmenti. — Only 1 sample out of the 8 examined was found to

conform to the pharmacopceial requirements. All the others were low in

alcohol, or high in residue, or had insoluble residues.

Sulphur Lotum and Sulphur Prcecipitatum.— More than half the washed

* Bulletin 65, Bureau of Chemistry, United States Department of Agriculture, page 34.
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sulphurs were found not to have been properly washed, and all of the pre-

cipitated sulphurs contained lime.

Spiritus ^^theris Nitrosi. — Thirty-six samples out of the 40 examined

were found to contain insufl3eient nitrogen dioxide. One sample contained

but 2 per cent, of the required amount.

Tinctura lodi. — Of the 201 samples analyzed, 183 did not conform to

the standard. The results of the analysis of these samples expressed in

percentage of the required United States pharmacopoeial strength are as

follows :
—

4 samples were above the United States pharmacopoeial strength.

17 samples were between 90 and 95 per cent, of the United States pharmacopcrial strength.

47 samples were between 80 and 90 per cent, of the United States pharmacopoeial strength.

57 samples were between 70 and 80 per cent, of the United States pharmacopoeial strength.

29 samples were between 60 and 70 per cent, of the United States pharmacopoeial strength.

13 samples were between 50 and 60 per cent, of the United States pharmacopoeial strength.

9 samples were between 40 and 50 per cent, of the United States pharmacopoeial strength.

5 samples were between 30 and 40 per cent, of the United States pharmacopoeial strength.

2 samples were under 20 per cent, of the United States pharmacopoeial strength.

Tinctura Opii. — Ten samples of laudanum were examined, 8 of which

were found below the standard. The weakest sample contained .08 per

cent, of crystallized morphine.'

Miscellaneous Drugs.

Intemperance Cures. — Dr. Grant's " Goldcura," for the liquor and drug

habits, manufactured by the Canadian Chemical Company, Rutland, Vt.,

and sold for $5 per package, consisted of two bottles of liquid and one

small bottle containing pills. The two liquids were found to contain 41.11

per cent, and 28.22 per cent, of alcohol by volume respectively, while the

pills contained nux vomica and were coated with a very thin layer of gold

foil, which, by the way, was the only gold found in the preparation.

The White Ribbon Remedy, put up by Dr. W. R. Brown of Boston, pur-

porting to contain gold and alkaloids, consisted of twelve powders in a box

sold for Si. These powders were found to contain ammonium chloride

and milk sugar. Neither gold nor alkaloids were found to be present.

Champagne Tablets. — This preparation, prepared by the Champagne

Tablet Company of Boston, claiming to be a stimulating and exhilarating

substitute for brandy, champagne, whiskey, etc., was put out in the form

of lozenges containing .05 gram of caffeine per tablet.

Peanut OH. — A sample of this preparation purchased at a drug store

was found to consist largely of cotton-seed oil.

Catarrh Remedy. — One of these preparations was found to contain a

considerable amount of cocaine hydrochlorate.
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Quinine Pills. — Several brands of these have been examined during the

year, nearly all of which were found to contain approximately the required

amount of quinine sulphate. One brand of pills, manufactured by Arthur

J. Conner of Boston., purporting to contain 2 grains each of quinine sul-

phate, was found to contain 1.4 grains per pill of total alkaloids. The pills

also contained a notable quantity of powdered talc or soapstone (magnesium

silicate).

Cigarettes. — The "Star Brand of Medicated Cinnamon Cigarettes,"

purporting to contain no tobacco, were found to contain a large proportion

of the latter in mixture with various aromatic herbs and cassia.

Summary of Drug Statistics.
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Summary of Food and Drug Statistics for Year ending Sept. 30, 1902.
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The following contained corrosive sublimate, or some other poisonous

salt of mercury, in the proportion of 1 to 15 grains per ounce :
—

Harriet Hubbard Ayer's Recauiier Cream, Balm and Lotion.

Mtulam Ruppert's World Renowned Face Bleach.

Madam Yale's Excelsior Complexion Bleach.

HilTs Freckle Lotion,

Soule's Freckle and Moth Eradicator.

Perry's Freckle Lotion.

Oriental Cream.

Mrs. McCorrison's Famous Diamond Face Lotion (14.7 grains to the ounce).

Royal Cream.

In one instance a six-ounce bottle contained 47 grains of corrosive sub-

limate ; another contained 14 grains of the bichloride per ounce. It is not

surprising that instances of serious harm were reported from the use of

such articles.

Tonics and Bitters.

The following were examined for the purpose of ascertaining the percent-

age of alcohol in each. Some of them have been recommended as temper-

ance drinks :
—

Per Cent, of
Alcohol

{hy Volume).

6" Best " Tonic, ....
Carter's Physical Extract, .

Hooker's Wigwam Tonic, .

Hop Tonic,

Hoofland's German Tonic,

.

Howe's Arabian Tonic, " not a rum d

Jackson's Golden Seal Tonic,

Liebig Company's Coca Beef Tonic,

Mensman's Peptonized Beef Tonic,

Parker's Tonic, " purely vegetable,"

Schenck's Sea Weed Tonic, " entirely

At wood's Quinine Tonic Bitters,

L. T. Atwood's Jaundice Bitters,

Moses Atwood's .Jaundice Bitters,

Baxter's Mandrake Bitters,

Boker's Stomach Bitters, .

Brown's Iron Bitters,

.

Burdock Blood Bitters,

Carter's Scotch Bitters,

Col ton's Bitters,....
Copp's White Mountain Bitters, " not

Drake's Plantation Bitters,

Flint's Quaker Bitters,

Goodhue's Bitters,

Greene's Nervura,

Hartshorn's Bitters, .

rink,"

•ecommended for inebriates,

harmless,"

an alcoholic beverage,"

I

.

22.0

20.7

7.0

29.3

13.2

19.6

23.2

16.5

41.6

19.5

29.2

22.3

17.1

16.5

42.6

19.7

25.2

17.6

27.1

6.0

33.2

21.4

16.1

17.2

22.2
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Hoofland's German Bitters, " entirely vegetable and free from alcoholic

stimulant,"

Hop Bitters, .....
Hostetter's Stomach Bitters,

Kaufman's Sulphur Bitters, "contains no alcohol" (as a matter of fact

it contains 20.6 per cent, of alcohol and no sulphur),

Kingsley's Iron Tonic,

Langley's Bitters, ....
Liverpool's Mexican Tonic Bitters, .

Paine's Celery Compound,
Pierce's Indian Restorative Bitters, .

Puritana,

Z. Porter's Stomach Bitters,

Pulmonine,...;..
Rush's Bitters,

Richardson's Concentrated Sherry Wine Bitter

Secor's Cinchona Bitters, .

Shonyo's German Bitters, .

Job Sweet's Strengthening Bitters, .

Thurston's Old Continental Bitters, .

Warner's Vinegar Bitters, "contains no spirit,"

Warnei*'s Safe Tonic Bitters,

Warren's Bilious Bitters, ....
Wheeler's Tonic Sherry Wine Bitters, 19,

Wheat Bitters,

Faith Whitcomb's Nerve Bitters,

Dr. Williams's Vegetable Jaundice Bitters,

Whiskol, " a non-intoxicating stimulant, whiskey without its sting,"

Colden's Liquid Beef Tonic, " recommended for treatment of alcohol

habit,"

Ayer's Sarsaparilla,

Thayer's Compound Extract of Sarsaparilla,

Hood's Sai'saparilla, ....
Allen's Sarsaparilla, ....
Dana's Sarsaparilla, ....
Brown's Sarsaparilla,

Corbett's Shaker Sarsaparilla, .

Rad way's Resolvent, ....

Per Cent, of
Alcohol

(by Volume).

25.6

12.0

44.3

20.5

14.9

18.1

22.4

21.0

6.1

22.0

27.9

16.0

35.0

47.5

13.1

21.5

29.0

11.4

6.1

35.7

21.5

18.8

13.6

20.3

18.5

28.2

26.5

26.2

21.5

18.8

13.5

13.5

13.5

8.8

7.9

The dose recommended upon the labels of the foregoing preparations

varied from a teaspoonful to a wineglassful, and the frequency also varied

from one to four times a day, " increased as needed."

" Blood Purifiers"

An examination of the "sarsaparilla" remedies, or " blood purifiers,"

was made in 1892, and in nearly every instance the remedy was found to

contain iodide of potassium in variable amounts.
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The following list presents the percentage of iodide of potassium found in

those samples which have been submitted to the analyst for examination :
—

Sarsaparilla Remedies.
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Arsenic in Paper, Fabrics, etc.

During the year ending Dec. 31, 1902, the work done under eliapter

213, section 6, of the Revised Laws is summarized as follows :
—

Arsenic *Sa?npZes, Year Ending Dec. 31, 1902.

Above
Legal Limit.
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of Liquors have been transferred to the State Board of Health. Your attention

is called to the following points :
—

All packages sent bj' express must be sealed and prepaid. They should be

addressed to the analyst of the State Board of Health, Room .501, State House,

Boston. Each sample must be accompanied by a certificate, as required by chap-

ter 100 of the Revised Laws, and must bear a mark or label corresponding with

the certificate.* It is much better to send an officer with the sample than to send

by express. Beer should be in pint or other round beer bottles. Flat flasks fre-

quently burst in warm weather.

Beer kept in a warm place often ferments, thus increasing the amount of

alcohol. The question is frequently asked in court, " How long after seizure has

this been kept? " To meet this point, due diligence should be used in forwarding

the sample. All beer, if possible, should be forwarded the day it is seized.

Liquors sent under sections 46 and 67 of chapter 100 of the Revised Laws must

be sealed and accompanied by an order from the proper authorities, as named in

section 67.

All analyses of liquors are made without expense to the town or city requesting

such examinations.

Directions for taking Samples for Analysis.

The officer making a seizure, or taking samples of beer, should note at the time

of such seizure the general appearance of the liquor,— as to whether it is clear

or clondy, whether it is still or has a strong head.

If the liquor is in bottles, take at least one pint bottle ; if in barrels, draw a pint

bottle from each. Request the owner to seal each sample taken. If the bottles

have cork stoppers, cut the stoppers off level with the top of the bottle and cover

with wax ; if with patent stoppers, a little wax placed upon the wire at the point

where it lays against the neck of the bottle is sufficient. If the owner refuses to

seal it, then the officer should seal it in his presence, calling his attention to the

fact. Before leaving the premises, place upon the bottle a label or tag, with the

date, the name of the owner and the name of the officer upon it, and also the name

of the town or city. Then place in a box, with the certificate required by law, and

forward without delay to the analyst.

Form of Label.

Town.

Date of seizure 19

Owner

Kind of liquor.

Brewer

* These certidcatee can be obtained on applicaUon to the Secretary of the Commonwealth.
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The form of certificate accompanying each sample, returnable to the

officer after examination by the analyst, is as follows. This certificate is

intended to be accepted as evidence in cases of prosecutions.

. ss. 19 .

To the State Board of Health

:

I send herewith a samj^le of

taken from liquors seized bj' me 19 .

Ascertain the percentage of alcohol it contains, by volume, at sixty degrees

Fahrenheit, and return to me a certificate herewith upon the annexed form.

Seized from__

Commonfejalt^ of PassEt^us4ts.

No. OFFICE OF THE

STATE BOARD OF HEALTH.

Boston, 19 .

This is to certify that the received by me
with the aboA'e statement contains per cent, of alcohol,

by volume, at sixty degrees Fahi'enheit.
^^

Received 19 .

Analysis made 19 .

[seal.] Analyst State Board of Health.

Analyses of liquors are kept on record in the food and drug laboratory

of the Board on library cards, as follows :
—

No Condition

County Kind of Bottle

City or Town Registered

Officei" Analyzed.

Defendant
. Wt. Flask and Ale.

Address "Wt. Flask

Kind of Liquor Wt. Alc._

Seized Sp. Gr. Ale. (60°) _
Received Per Cent. Alcohol.

How Delivered Reported

Sealed

Respectfully submitted,

ALBERT E. LEACH,
Analyst.
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R,EPORT
UPON THE

Production. Distribution and Use of Diphtheria

Antitoxin

FOR THE

Year ended March 81, 1903.

Dufing the eight years ended March 31, 1903, the State Board^of Health

has carried on the work of producing and distributing antitoxin for the

treatment of diphtheria, with the consequent diminution of the fatality of

this disease. The work was conducted under the provisions of the organic

act creating the Board, whereby it was empowered to " take cognizance of

the interests of health and life among the citizens of the Commonwealth."

By an act of 1903, however, definite authority is now given to the Board

to " produce and distribute antitoxin and vaccine lymph" for the " use of

the people of the Commonwealth" (chapter 480, Acts of 1903).

The following report relates to the work of the Board in this direction

during the year ended March 31, 1903, that period having been selected

since the work of distribution practically began in April, 1895, although

the preparatory work was begun in the fall of 1894.

In the last annual report a summary was presented of the work of the

last seven years, with an approximate estimate of the saving of life effected

by the general introduction of the use of antitoxin throughout the State.

The returns of 1,979 additional cases, reported during the past year, only

confirm and add cumulative testimony to the foregoing report. Of these

there were 203 deaths, or 10.6 per cent. Of the whole number of cases,

however, only 1,401 were determined by examination to be positive cases

of diphtheria, and of these 1,401 there were 138 deaths, or 9.8 per cent.

In the table which was published in the report of last year, and is here-

with reproduced with the additional figures for 1902, it was shown that

while the diphtheria death-rate in the first half of the period had risen to

more than 10 per 10,000 of the population nine times in twenty-one years,

in the last half of the period it has risen only once above 10 per 10,000,

and then only to 10.2. The death-rate from diphtheria had antitoxin not

been used in the past eight years, according to a careful calculation pub-

lished in the last annual report, would have risen to 10.6, 12.4, 11.0, 14.7

and 10.9 in the years 1895, 1896, 1897, 1900 and 1901.
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The mean annual death-rate from diphtheria during the past ten years,

1893-1902, during the greater portion of which antitoxin was in use

throughout the State, was only 5.03 per 10,000 living, and there are not

ten other successive years in the whole period of forty-two years, 1861-

1902, in which the death-rate from this disease was so low.

The reported cases of diphtheria in the State in the past five years ( not

deaths) were as follows :
—

1898, .

1899, .

1900, .

3,980

7,134

12,641

1901,

190-2,

9,793

7,036

The total number of deaths from this cause in 1902 was 873, which is

the least number in any year except one since 1874.

Dealh-ratefrom
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Board is authorized to " make sanitary investigations and inquiries in

respect to the causes of disease, and especially of epidemics, and the

sources of mortality." So far, therefore, as the relation of antitoxin to

the saving of life from diphtheria is concerned, the Board cannot carry out

the provisions of this law unless it is aided by the hearty co-operation

of the physicians who use the product which is prepared by the Board, and

are, therefore, the best judges as to its efficiency. By far the larger num-

ber of returns received by the Board is furnished by the different hospitals

now existing in the larger cities, established for the reception of persons

suffering with infectious diseases. If practising physicians were as careful

as most of the hospital authorities to render an account of the antitoxin

which is furnished to them, this report would be much more complete than

it is now practicable to make it.

The supervision of antitoxin production has been carried on, as in former

years, under the charge of Dr. Theobald Smith, at the Bussey Institute,

near the Forest Hills station of the New York, New Haven & Hartford

Railroad in Roxbury. The distribution has been conducted at the State

House, from the office of the Board.

The strength of the serum employed has varied from 300 to 450 units

per cubic centimeter, and the serum has usually been issued in a 5 cubic

centimeter vial, containing 1,500 units. For convenience, a vial contain-

ing 20 cubic centimeters has also been employed for use where several

patients are to be treated at once, or where unusually large doses are used.

The serum has been distributed throughout the whole State, wherever it

has been called for, to local boards of health, to contagious disease hos-

pitals and to physicians in private pi'actice, the latter being usually sup-

plied through the local boards of health. In many instances the local

board of health has placed it in charge of a druggist, where it could be

obtained at any time during the day or night.

The total number of packages issued by the Board during the eight years

ending with March 31, 1903, was as follows :
—

In 1895-

In 1896-

In 1897-

In 1898-

In 1899-

In 1900-

In 1901-

In 1902-

1896

1897

1898

1899

1900

1901

1902

1903

(year

(year

(year

(year

(year

(year

(year

(year

ending

ending

ending

ending

ending

ending

ending

endins:

March
March
March
March

:^Iarch

March
March

March

31),

31),

31),

31),

31),

31),

31),

31),

Total, .
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An account was kept during the year of the amount of antitoxin em-

plo3'ed in each case, with few exceptions, the result of which is shown in

the following table :
—

Amount of Antitoxin
UShD.
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Number of Bottles of DijMheria Antitoxin distributed from April 1, 1902, to

March 31, 1903 — Continued.

New Bedford,

Worcester,

Lynn,

Marlborough,

Lawrence,

Brookline,

Fall River,

Springfield,

Salem,

Newton

Quincy

Chelsea,

Waltham

Hospital

Maiden,

Brockton,

Holyoke,

Weymouth

Pittsfleld

Winthrop,

Fort Banks

Everett,

Medford,

Hyde Park,

Reading,

North Adams

Fitchburg,

Easton

Framingham,

Milton,

Winchester

Mllford

Chlcopee

Newburyport

Braintree

Palmer

Massachusetts Hospital for Epileptics,

1,000

776

656

645

500

493

444

424

375

373

360

350

189

125

288

256

225

221

199

174

6

172

168

167

162

132

124

122

121

115

112

108

96

90

89

78

6

Taunton,

Wakefield,

Chelmsford,

Middlesex Truant School, .

Haverhill,

Melrose,

Bull,

Danvers,

Insane Hospital,

Medway,

Peabody,

Hopedale, ....
Rockland

Randolph, ....
Dedham

Warren

Clinton

Marblehead, ....
Sherborn,

Amesbury

Watertown

Belmont,

Concord

Massachusetts Reformatory,

Leominster, ....
Natick,

Revere

Woburn,

StoughtOD, ....
Adams

Hudson

Lenox,

MedQeld,

Norwood

Plymouth

Scituate

Wellesley, ....

60

53

57

54

49

48

48

48

45

45

42

36

6

4-2

42

42

42

39

36

36

36

86

36

36

36

36
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Number of Bottles of Diphtheria A7iiitoxin distributed from Aj^ril 1, 1902, to

March 31, 1903 — Continued.

CiTT OR Town.

Lexington,

Digbton, ....
Spencer, ....
Southbridge,

Maynard, ....
Methuen, ....
Middleborougb,

Millbury, ....
Needham,....
North Brookfleld, .

Stoneham,.

Williatnatown, .

Arlington

Wilbraham,

Attleborough, .

Cohasset, ....
Hoiliston

Moneon, ....
North Andover,

Rockport,....
South Hadley, .

Swampacott,

Webster, ....
West Springfield, .

Acton

Avon, ....
Bellingham,

Beverly

Douglas

Dover, ....
East Bridgewater, .

Foxborough,

Gardner

Hopkinton,

North Attleborough,

SauguB, . . .

WcBtfleld,.

Number of
Bottles.

34

33

33

32

30

30

30

30

30

30

30

28

24

24

18

18

18

18

18

18

18

18

18

18

12

12

12

12

12

12

12

12

12

12

12

12

12

City or Town.

Princeton,

.

Ayer,

Hanover, .

Kingston, .

Whitman, .

Southborough, .

Abington, .

Agawara, .

Bedford, .

Brookfleld,

Cheshire, .

Falmouth,

.

Hardwlck,

Hingham, .

Hinsdale, .

Holbrook, .

Jefferson, .

MarshSeld,

Millis,

Nantucket,

Northampton, .

Pepperell, .

Provincetown, .

Shirley,

Southampton, .

Sterling, .

Swansea, .

Templeton,

Tlsbury, .

Ware,

Wareham,

West Boylston,

Westport, .

Williamsburg, .

Worthington, .

Mattapoisett, .

Lincoln,
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Number of Bottles of Diphtheria Antitoxin distributed from April 1, 1902, to

March 31, 1903— Concluded.

Ciir OR Town.

Blandford,

Dudley,

Edgartowo,

Leicester, .

Merrimac,

.

Number of
Bottles.

CiTT OR Town.

"Walpole,

Weatford,

Norton,

Total,

Number of
Bottles.

33,475

From the foregoing list it appears that the number of packages of anti-

toxin used in 1902 was less by 6,786 than the number used in the preceding

year, and less by 19,914 than were used in 1900, the difference being due

to the difference in the prevalence of diphtheria in these years. The num-

ber of cities and towns in which more than 100 bottles were used in each

was 35, the same as in the previous year, but the average number used in

each of these cities and towns was considerably less in 1902.

Summary Observations upon the Use of Diphtheria Antitoxin in

Massachusetts during the Year ended March 31, 1903.

The whole number of returns of cases treated with diphtheria antitoxin

furnished by the State Board of Health during the year ended March 31,

1903, to hospitals and to local boards of health for use in general practice

was 2,149. Of this number, 1,979 were returns of cases of diphtheria

treated with antitoxin, and 170 were returns of other persons who had been

exposed to infection and were treated for the purpose of immunization.

These cases constitute only a fraction of those which were treated during

the year in the State with antitoxin furnished by the Board, since very

many physicians failed to make returns to the Board.

Cases in which a Bacterial Examination ivas made.

The same methods of classification are continued in this report as were

adopted in the reports of the previous seven years. The cases in which

cultures were made are classified into positive and negative cases. Diag-

nostic examinations were made in 1,632 cases reported to the Board as

having been treated with antitoxin, and of these, 1,401 proved to be gen-

uine cases of diphtheria and 231 gave a negative result.
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Positive Cases.

Of the 1,401 positive cases, or those in which a diagnosis of diphtheria

was made by bacterial cultures from the throat of the patient, there were

1,263 recoveries and 138 deaths, or 9.8 per cent., the results of the previ-

ous years having been, respectively, 13.7, 11.6, 8.2, 7.9, 11.4, 9.4 and 10.1

per cent.

Sex.— The number of males was 670 and the deaths of these were 69,

or 10.3 per cent. The females were 731, and the deaths of these were 69,

or 9.4 per cent.

Ages. — The following table shows the cases and deaths by ages :
—

Tear ended March 31, 1903.
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treatment depends largely upon the early date at which antitoxin^is first

administered. A fuller and more conclusive summary, embracing the whole

period of eight years and containing greater numbers, may be found on a

later page.

The cases in which antitoxin treatment was begun either upon the first,

second or third days of illness constituted 64 per cent, of the whole num-

ber of positive cases reported to the Board to which antitoxin was adminis-

tered during the year under consideration.

Hospitals and Private Practice.

r. .K i Fatality
Cases. Deaths.

| (Per Cent.).

In hospitals, 1,003 112 11.2*

In private practice, 398
;

26 ^

6.5*

* This apparent difference in the fatality of hospital and of general or outside treatment with anti-

toxin is accounted for by the fact that a considerable number of severe and fatal cases of diphtheria,

which were treated by physicians in general practice, were reported as having been transferred to a

hospital after one or more days of home treatment and died at the hospital.

Seasons of the Year. — The cases embraced in the foregoing enumeration

occurred in the following order :
—

Cases. Deaths.

1903.
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Summary of the Eight Years ended March 31, 1903.

Positive Cases treated luith Antitoxin.

Whole number of positive cases for the eight years, 11,555; deaths,

1,148 ; fatality, 9.9 per cent.

Sex. — The fatality by sexes was as follows :
—

Sex.



No. 34.] DIPHTHERIA ANTITOXIN. 513

AOE PBBIODS.
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diphtheria. Scarlet fever was reported as a complication in 99 instances

and measles in 19. In most instances the complication adds to the severity

of the cases and increases the fatality, but not to so great an extent as

when pneumonia supervenes. Pneumonia and broncho-pneumonia were

reported as complications in 28 oases, of which there were 18 deaths.

The most important lesson, repeated in former reports, to which the

experience of each successive year adds emphasis, is the necessity of the

early administration of antitoxin in each and every case.

Immunization.

Returns of cases in which antitoxin had been used for the purpose of the

immunization of persons who had been exposed to the infection of diph-

theria were received in 170 cases, 69 in hospital and 101 in general practice.

Undoubtedly it was used in a considerably larger number of instances for

this purpose, but returns were not made. The average dose employed for

this purpose was about 900 units.

General Summary, 1895-1902.

Positive cases treated in the eight years ending March 31, 1903, and re-

ported to the State Board of Health,

Cases in which no bacteriological examination was made,

Total,

Deaths of these,

Fatality (per cent.)

Sexes.

The number of males who were treated was f

The number of females who were treated was f

The number whose sex was not stated was f

Total,

Deaths of males,

Fatality of males (per cent.), .

Deaths of females,

Fatality of females (per cent.).

Deaths, sex not stated, ....
The following table contains the results of those cases only which had

been determined by a culture examination to be positive, with reference to

the fatality of the disease in each group of cases, considered in relation to

the stage of the disease when antitoxin was first administered.
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Nothing can be more conclusive than the cumulative testimony of these

figures, supported as they are by similar experience elsewhere, as to the

importance of the earliest possible administration of antitoxin in the treat-

ment of diphtheria. Each day's delay renders the liability to a fatal result

greater.

The fatality of the cases which were treated with antitoxin very early in

the course of the disease (that is, before the termination of forty-eight

hours from its onset) was only 6.7* per cent., or 317 deaths in 4,717 cases,

while that of the cases which were not thus treated until the sixth day or

later was as high as 17.6 per cent., or nearly three times as great.

Day of Administration.

DAT.
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Diphtheria Cultures examined during the Year

ENDED March 3i, 1903.

During the year ended March 31, 1903, 2,904 cultures have been received

from 123 towns and cities in the State. Of these cultures 1,267 were made
for the purpose of diagnosis and 1,637 for release from quarantine. The
following table gives the number of cultures received from the different

towns and cities and the results of the examinations :
—
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Persistence of Diphtheria in the Throats of Patients Convalescent

OF Diphtheria.

Among these cases are included only those in which frequent cultures

were made until the throat was free from the bacilli. The time of persis-

tence is given from the date of the earliest symptoms to when the bacilli

were last found in cultures from the throat.

Time of Persistence.
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Summary of the Seven Years ended March 31, 1903.

The whole number of cultures examined during the seven years is as

follows:

In 1896-97 (year ended March 31, 1897),

In 1897-98 (year ended March 31, 1898),

In 1898-99 (year ended March 31, 1899),

In 1899-1900 (year ended March 31, 1900),

In 1900-1901 (year ended March 31, 1901),

In 1901-1902 (year ended March 31, 1902),

In 1902-1903 (year ended March 31, 1903),

Total,

1,469

2,204

1,591

3,258

5,173

4,119

2,904

20,718

Of these 20,718 cultures, 9,o68 were made for the purpose of diagnosis

and 11,100 for release from quarantine. Of the cultures made for diag-

nosis 4,046 were positive, 5,364 were negative and 158 were doubtful.

In 2,101 cases, in which frequent cultures were made until the throat

was free from the bacilli of diphtheria, the average time of persistence of

the bacilli from the date of earliest symptoms was 25.2 days.

In 9,568 cultures examined for diagnosis the relation of clinical to bac-

teriological diagnosis was as follows :
—
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EXAMINATION OF SPUTUM AND OTHER MATERUL
SUSPECTED OF CONTAINING THE BACILLI

OF TUBERCULOSIS.

During the year ended March 31, 1903, microscopical examination has

been made of 928 specimens of sputum and other material suspected of

containing the bacilli of tuberculosis. This material was received from

121 different towns and cities in the State. The following table gives the

places from which the material was received and the results of the exam-
inations :

—

i
00
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Ages. — The relation of bacteriological diagnosis to age is shown in the

following table :
—
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TYPHOID FEVER.

WiDAL, Agglutinative or Serum Test.

During the year the method for collecting blood for the Widal or agglu-

tinative test described in the report for 1900 continued to be used.

The blood specimens examined are given in the two following tables.

In the first they are grouped according to towns. The whole number of

specimens received is given and divided into positive 'and negative, accord-

ing to the outcome of the test. Fifty-seven towns sent to the laboratory

217 specimens, of which 65 were positive and 152 negative.

In the second table the results of the examination are arranged accord-

ing to the day of the disease on which the blood was collected. From this

table it will be seen that positive cases are not encountered until the sixth

day of the disease. Since the agglutination-reaction may not appear until

the second week of the disease, or even later, the blood of cases examined

with negative result during the first week should be again examined in the

second or third week.

The discovery in different countries of a considerable number of cases

of disease closely simulating typhoid fever, but responding negatively to

the Widal test with typhoid bacilli, has led to the discovery of a group of

bacilli, presumably the cause of these attacks, which resemble the typhoid

bacillus but are readily distinguished from it by certain bio-chemical tests.

At present the laboratory is not in position to recognize such types of

disease. In order to make a diagnosis it would be necessary to test a

series of these so-called paratyphoid and paracolon bacilli with the blood,

which would have to be sent in considerably larger amounts than is needed

for the simple test with the typhoid bacillus.

Fortunately, these aberrant typhoid-like affections are milder than gen-

uine typhoid and as a rule non-fatal.

Typhoid Fever ( Widal Test)

.

City ob Town.
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Typhoid Fever {Widal Test) — Concluded.

Number



528 STATE BOARD OF HEALTH. [Pub. Doc. No. 34.

MALARIA.

The number of blood films received by the laboratory during the current

year for microscopic diagnosis was considerably lower than that of the year

preceding. Of 61 preparations received only 17, or about 28 per cent.,

showed the malaria parasite.

This is evidence of a general reduction in the number of cases and of

the reduced prevalence of the disease throughout the State, which may

have been in part due to the cold and wet season.

Malaria.

CiTT OB Town.
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STATISTICAL SUMMARIES OF DISEASE AND MORTALITY.

The statistical information relating to disease and mortality which has

been received by the Board during each year, either through the medium

of voluntary returns or in consequence of legal requirements, has, in the

recent reports of the Board, been presented under four different heads or

groups. In the present report this series of statistics has been condensed

as much as can be done consistently with a clear and intelligent method of

presentation.

These summaries are defined as follows :
—

I. The Weekly Mortality Returns. — These consist of the reports of

deaths, which are made up weekly and are sent to the office of the State

Board by the registration officials of cities and towns. They are voluntary,

and serve principally to show the seasonal prevalence of each of the chief

infectious diseases, and the mortality of children under five years old in

weekly periods. This series of statistics has been continued by the Board

for more than twenty-five years, and has been published as a summary for

nineteen years.

II. The Reports of Certain Infectious Diseases,— Diphtheria and Group,

Scarlet Fever, Typhoid Fever and Measles. — These are ol)tained from the

annual reports of local boards of health for the year 1902, which are for-

warded to the State Board from cities and towns. By comparing the num-

bers of reported cases with the reported deaths, the mean fatality of each

disease in the places from which the reports are made is obtained with a

reasonable degree of accuracy. This summary was first presented in the

report of 1891, page 878.

III. Reports of Cities and Toions, made under the Provisions of Chapter

75, Section 52, of the Revised Laws. — By this act each local board of

health is required to report to the State Board every case of "disease

dangerous to the public health" which is reported to the local board. A
digest of these reports is presented in Summary No. III. This summary

was first published in the report of 1893, page 639.

IV. Aymual Reports made nnder the Provisions of Chapter 75, Section

12, of the Revised Laws. — The full reports of deaths occurring in each

city and town having over 5,000 inhabitants comprise another series of

returns, which are summarized in No. IV. The population of these cities

and towns in 1902 constituted about 85 per cent, of the estimated total
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population of the State. These reports are made under the requirements

of the following statute :
—

In each city and town haying a population of moi'e than five thousand inhabit-

ants, as determined b}^ the last census, at least one member of said board shall be

a physician, and the board shall send an annual report of the deaths in such town

to the State Board of Health. The form of such reports shall be prescribed and

furnished by the State Board of Health. (Revised Laws, chapter 75, section 12.)

This summary was first presented in the report of 1894.

NoTK.— A supply of the postal cards, necessai'y for the reporting of voluntary

mortality returns such as are required for the data presented in section I. of the

following summary, will be forwarded to the registration officers of any city or

town who are willing to contribute the necessary information.

Postal cards are also sent to all boards of health in the State, for the purpose

of aiding them to comply with the provisions of chapter 75, section 52, of the

Revised Laws, relative to the reporting of diseases dangerous to the public health

to the State Board immediately after reports of the same are received by the

local board.

Annual blank foi'ms are also sent to each local board of health in cities and

towns having over 5,000 inhabitants, for the return of such information as is

called for by the provisions of chapter 75, section 12, of the Revised Laws.



No. 34.] STATISTICAL SUMMARIES. 533

I.

The Weeivly Moktality Returns.

In the following summary, the voluntary reports of deaths received at

the close of each week from the city registrars, town clerks and boards of

health of the cities and towns are epitomized for the year 1902. The chief

value of this abstract consists in the fact that it presents a continuous history

of the mortality from certain specified diseases from week to week through-

out the year.

This weekly report has been published in the Boston Medical and Surgical

Journal every week for a period of twenty-five years or more, and also as a

publication of the Board, in a weekly bulletin, since and including 1883.

These returns are necessarily incomplete, since the}' are voluntary and
consequently embrace the statistics of a portion only of the population, the

reporting places being chiefly the cities and large towns.

The estimated population of the cities and towns contributing to these

returns in 1902 was 2,013,099, or nearly 70 per cent, of the estimated total

population.

The following items are embraced in this summary :
—

Average height of barometer for each

week.

Mean maximum temperature.

Mean minimum temperature.

Rainfall, expressed in inches.

Total deaths reported for each week.

Deaths of children under five years.

Deaths from consumption.

Deaths from acute lung diseases.

Deaths from typhoid fever.

Deaths from diarrhceal diseases.

Deaths from scarlet fever.

Deaths from measles.

Deaths from diphtheria and croup.

Deaths from puerperal fever.

Deaths from whooping-cough.

Deaths from malarial fever.

Deaths from erysipelas.

Deaths from cerebro-spinal meningitis.

The following table contains a summary of the statistics compiled from

these weekly returns of mortality :
—
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Condensed Statistics relative to the Total Deaths, Deaths tinder Five Years, and

Deaths from Certain Causes in Reporting Cities and Towns of Massachusetts

in 1902.

Average
Number of
Deaths in

Each Week.

Percentage of
Total

Mortality.

Death-rate
per 1,000

of Keportfng
Population.

Total deaths

Deaths under five years,

Deaths from consumption,

Deaths from acute lung diseases, .

Deaths from diarrhoeal diseases, .

Deaths from typhoid fever, .

Deaths from diphtheria and croup,

Deaths from scarlet fever,

Deaths from measles,

Deaths from cerebro-spinal meningitis

Deaths from whooping-cough.

Deaths from puerperal fever.

Deaths from erysipelas, .

Deaths from malarial fever, .

32,638

10,561

3,167

3,962

2,057

358

659

249

169

272

237

30

85

628

203

61

76

40

7

13

4.8

3.3

5.2

4.6

100.0

32.4

9.7

12.1

7.9

1.1

2.0

.7

.09

.26

.02

16.21

5.25

1.57

1.97

1.02

.18

.33

.12

.08

.13

.12

.01

.04

.003

The usual observations upon tlie weekly mortality statistics are omitted,

and the foregoing short table, containing the essential statistics, supplies

their place. The omission is made because information of the same char-

acter is presented in a different form in Section IV. of these summaries.

The chief difference consists in the fact that the information given in this

section (I.) is entirely voluntary and is detailed by weeks, while that of

section IV. is required by statute, the data not being forwarded to the

Board until after the close of the year. The population which furnishes

the statistics presented in Section IV. is considerably larger than that

embraced in Section I., but both populations consist of the more densely

settled parts of the State.

Meteorology.

The principal points of sanitary interest in the meteorology of Massa-

chusetts for the year 1902 were the following :
—

The mean temperature for the year in Massachusetts was 48.2.

The summer was unusually cool, the mean temperature of each of the

months of June, July, August and September being as follows: 61.3°,

67.2°, 66.4° and 62.4°. In each instance except in September the tempera-

ture was below the normal for the month.

The annual rainfall was 44.03 inches, or a little below the normal of a

series of years.
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II.

Fatality of Certain Diseases.

The following statement presents the statistics gathered from the pub-

lished reports of local boards of health relative to the numbers of the

cases and the deaths from each one of certain notifiable diseases. Its

object is to present the fatality of these diseases (ratio of deaths to cases)

from year to year.

The diseases embraced in this summary in 1902 are diphtheria, scarlet

fever, typhoid fever, measles and small-pox.

The number of cities and towns contributing to this report is 93, or 29

more than those of 1901.

The tabular list of cities and towns is omitted in this report. The sum-

mary of the figures for 1902 is as follows :
—

Reported cases of dij^htheria and croup,

Registered deaths from diphtheiia and croup in the same cities and towns

Fatality (percent.),

Reported cases of scarlet fever,

Registered deaths from scarlet fever in the same cities and towns, .

Fatality (per cent.) ,

Reported cases of typhoid fever,

Registered deaths from typhoid fever in the same cities and towns,

Fatality (per cent.),

Reported cases of measles,

Registered deaths from measles in the same cities and towns,

Fatality (percent.),

Reported cases of small-pox,

Registered deaths from small-pox in the same cities and towns.

Fatality (percent.),

5,848

666

11.4

4,306

251

5.8

2,542

383

15.1

11,949

162

1.4

1,762

255

14.5

The reported cases of diphtheria were less by 3,073 than those of 1901,

and were less than half as many as those reported in 1900. The number

of deaths from the .same cause was also less than those of 1901 by 272.

The fatality was slightly in excess of that of 1901, but for the past three

years has not exceeded 11.4 per cent, of the cases.

The reported cases of scarlet fever were 435 more than those of 1901,

but the deaths were less by 73 than those of the preceding year. The

fatality was 5.8 per cent., that of 1901 being 8.4.
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The reported cases of typhoid fever were 264 more than those of 1901,

but the deaths were 12 less, and the fatality was only 15.1 per cent., that

of 1901 being 17.3 and the mean of twelve years 18.2. This fatality,

15.1, was the lowest of any year of record.

The reported cases of measles were greater in number than those of 1901

by 3,692, and the deaths exceeded those of 1901 by 14. The fatality, 1.4

per cent , was less than that of 1901 and but slightly greater than the mean
of twelve years.

The following table presents the summary of these statistics for the

twelve years 1891-1902 :
—

Reported Cases of Infectious Diseases in Massachusetts.

Diphtheria and Croup.

[Pre-Antitoxin Period.]

Reported caBes, .

Deaths,
Fatality (percent.),

2,444
875

23.5

3,033
891

29.2

1893.

2,919
926
31.7

4,936
1,376
27.9

13,332
3,768
28.3

Diphtheria and Group.

[Antitoxin Period.]
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In the foregoing tables the statistics relating to diphtheria and croup
have been arranged in two periods, which may properly be called the pre-

antitoxin and the antitoxin periods, since antitoxin came into general use

in the State about the beginning of the year 1895. The mean fatality in

the former period (1891-94) was 28.3 per cent, (ratio of deaths to cases),

and in the latter period (1895-1902) it was 13.0 per cent., or less than

half as large.

In England, where systematic records have been kept in regard to the

fatality of these diseases, the percentage of deaths to cases in diphtheria,

as determined from 280,699 cases and 56,129 deaths which occurred in

the period of twelve years (1890-1901) was 19.9. There was, however, a

uniform diminution in this percentage, after the introduction of antitoxin

treatment, from 25.1 in 1894 to 15.1 in 1901.

The fatality of scarlet fever showed quite similar figures to those of

Massachusetts, the maximum being 8 per cent, in 1890 and the minimum
3.1 per cent, in 1899.

In typhoid fever the fatality varied also from 20.8 in 1891 to 15.1 in

1902.

The fatality of measles varied from a maximum of 4 per cent, in 1892

to a minimum of 0.7 in 1897.
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III.

Official Returns of Notified Diseases Dangerous to the

Public Health, 1902.

The figures presented in the following summary are those of the official

returns of diseases "dangerous to the public health," made to the State

Board of Health during the year 1902, under the provisions of chapter 75

of the Revised Laws. In this act no disease is specified as being " danger-

ous to the public health " except small-pox. Hence the State Board deemed

it necessary to indicate the diseases which should be included in the mean-

ing of the term " dangerous to the public health." They are the following :

small-pox, scarlet fever, measles, typhoid fever, diphtheria, membranous

croup, cholera, yellow fever, typhus fever, cerebro-spinal meningitis, hydro-

phobia, malignant pustule, leprosy and trichinosis.

The whole number of cases of infectious diseases reported to the Board

in 1902, under the provisions of this act, was 33,933, which were divided

as follows :
—

Reported cases of sniall-pox, .

Reported cases of scarlet fever,

Reported cases of diphtheria and croup,

Reported cases of typhoid fever, .

Reported cases of measles.

Total,

2,314

4,613

7,036

2,721

17,249

33,933

The summary for the nine years 1893-1902 is as follows :
—
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By months these diseases were reported as follows :
—

541

Cases of Infectious Diseases reported to the State Board of Health by Months

in 1902.

Months.
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Typhoid fever was, as usual, below the mean in the intensity of its preva-

lence in the first eight months of 1902, rising to a maximum in October.

In 1902, as in 1901, the intensity of its prevalence in September and Octo-

ber was nearly equal.

The prevalence of measles was much above the mean in the first half of

the year and below it in the last half, the maximum occurring in March

and the minimum in September. The whole number of reported cases

during the year was greater than those reported in 1901 by 7,851.

The figures relating to small-pox may be found in the general report at

the beginning of this volume (page xv).

Certain Infectious Diseases. Seasonal Intensity of Prevalence.
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Cases of Infectious Diseases reported to the State Board of Health from Two Hun-
dred and Sixty-one Cities and Towns dtiring 1902.
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Gases of Infectious Diseases reported to the State Board of Healthfrom Tivo Him-

dred and Sixty-one Cities and Toions during 1902— Continued.
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Cases of Infeciious Diseases reported to the State Board of Health from Two Hun-
dred and Sixty-one Cities ajid Towns during 1902— Continued.
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Cases of Infectious Diseases reported to the State Board of Health from Two Hun-
dred and Sixty-one Cities and Towns during 1902— Concluded,
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List of Cities and Towns from -which no Reports were
received.

/. Cities.

None.

//. Towns having a Population of More than 5,000.

None.

III. Towns having a Population of More than 1,000 but Less than 3,000 in Each.

Ashburnham,
Ashland,
Buckland,
Cheshire,
Conway,
Hanover,

Hubbardston,
Littleton,

New Marlborough,
Norton,
Orleans,
Raynham,

Shrewsbury,
West Bridgewater,
West Stockbridge,
Yarmouth.— 16.

IV. Towns having Less than 1,000 Inhabitayits.

Alford,

Ashby,
Becket,
Berkley,
Beriiardston,

Blandford,
Boxboro,
Box ford,

Burlington,
Carlisle,

Chesterfield,

Chilmark,
Clarksburg,
Cummington,
Eastham,
Egremont,
Erving,
Florida,

Ga}- Head,
Goshen,
Gosnold,
Granby,

Hancock,
Hawley,
Heath,
Holland,
Lakeville,

Lanesborough,
I^everett,

Leyden,
Longmeadow,
Lynntield,

Mashpee,
Middletield,

Monroe,
Monterey,
Montgomery,
Mt. Washington,
New Ashford,
New Braintree,

Otis,

Paxton,
Pelham,
Peru,

Petersham,
Phillipston,

Plaintieid,

Plympton,
Prescott,

Richmond,
Rochester,
Rowe,
Russell,

Savoy,
Shutesbury,
Sunderland,
Truro,
Tyngsborough,
Wales,
Warwick,
Washington,
Wendell,
West Tisbury,
Whately.— 64.

The following towns sent notices to the Board that no infectious diseases

had been reported within their limits during the year 1902 :
—

Boylston,
Btimfield,

Charlemont,
EnGeld,

Granville,
Hai'wich,

Nantucket,
Pembroke,

Southwick,
Topsfield,

AVelltieet,

Westwood — 12.

A supply of postal cards for the purpose of reporting infectious diseases

to the State Board of Health, as required by statute, will be forwarded to

any local board of health on application to the Secretary of the State Board,

Room 141, State House, Boston.
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lY.

Official Returns of Deaths in Cities and Large Towns
(Revised Laws, Chapter 75, Section 12).

The following summary comprises the results obtained from the tabula-

tion of the returns required by chapter 75, section 12, of the Revised Laws,
whereby the board of health of each city and populous town is directed to

send to the State Board of Health an annual statement of the deaths in

such city or town upon a blank form furnished by the State Board.

All of the towns except Montague have made the returns required by

law, and in addition the towns of Reading and Grafton have voluntarily

contributed returns in 1900, 1901 and 1902, although not required to do so

by law. Four other towns which did not contribute to the report of 1901

have made returns in 1902, so that the list now embraces 94 cities and

towns, including all of the 33 cities and all of the towns having a popula-

tion of more than 5,000 in each, except Montague. The estimated popu-

lation of these cities and towns in 1902 was 2,497,015, or about 85 per

cent, of the estimated population of the State in that year.

The whole number of registered deaths in these towns in 1902 was 40,-

469, and the death-rate, as calculated for that year from the census popu-

lation of the reporting cities and towns, was 16.21 per 1,000 of the living

population, that of the previous year having been 16.86 per 1,000 and that

of 1900, 18.26 per 1,000. This was the lowest death-rate observed in this

reporting population during the period of nine years since the enactment

of the law requiring these returns. The mean annual death-rate of the

State for the fifty years ended Dec. 31, 1900, was 19.22 per 1,000.

Sexes. — The number of deaths of males was 20,418, or 50.4 per cent.

of the whole number of those whose sex was known ; and the deaths of

females were 20,042 or 49.6 per cent. There were 9 in which the sex was
not stated in the returns.

Ages. — The deaths by four groups of ages were as follows :
—

Ages.
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The deaths of infants under one year old were 8,778, or 21.7 per cent,

of the total mortality, as compared with 21.6 per cent, in the previous

year; and those of children under five years old were 12,630, or 31.2 per

cent, of the total mortality, as compared with 30.1 per cent, in 1901.

All of the percentages in the foregoing table were estimated upon the

number of deaths of those whose ages were specified in the returns. The

total number of deaths in which the age was not specified was 44.

The infant mortality for the five years 1898-1902 respectively consti-

tuted 24.8, 22.8, 23, 21.6 and 21.7 per cent, of the total mortality, that of

the two years 1901 and 1902 being the lowest infant mortality of the period.

Still-births. — The number of still-births was 2,732, and when compared

with the total mortality (still-births included) this was 6.3 of the total

deaths and still-births combined.

Months and Quarters. — The number of deaths in each quarter of the

year is shown in the following table :
—

First quarter,
SecoDd quarter,
Third quarter, .

Fourth quarter,

Deaths.
1902.

9,959

9,673
10,611
10,224

Total, 40,467

Percentages

24.61
23.90
26.22
25.27

100.00

27.39
23.10
25.80
23.71

100.00

These percentages differ but little from the mean of several years, which

usually shows the highest mortality in the third quarter of the year. In

1901 and 1899 the highest mortality was in the first quarter.

During the forty-year period (1856-95) the mortality was generally

above the mean in the third quarters of the years and below it in the other

three quarters.

The intensity of the seasonal death-rate is more accurately shown in the

following table, the method employed being explained on page 541 in

Section III. of these summaries, relating to disease notification. By this

method the errors which are due to differences in the length of the months

are eliminated.

January,
February,
March,
April, .

May, .

June, .

July, .

Each
Month.

3,271
3,3U0

3,388
3,318
3,375

2,980

3,540

Mean
Daily
Deaths

per Month.
1902.

105.5
117.9
109.3
110.6
108.9
99.3
114.2

Centesimal
Ratio.

1908. 1901

95.1
106.3
98.5
99.7
08.2
89.5

103.0

108.8
113.2
111.4
102.3
89.1
86.7
94.5

Deaths i

Mean
Dailv

p"'^
I

Deaths
Ar!f„!l iper MonthMonth ,''

^y^^

August,
September,
October, .

Novtmber,
December,

Annual mean,

3,637
3,434

3,330

3,224
3,620

117.8
114.5
109.0
107.5
116.8

Centesimal
Katio.

11902.' 1901.

105.8
103.2
98.3
96.9
105.3

107.1
105.6
92.4
94.0
95.9

110.9 100.0 i 100.0
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The figures in the foregoing table indicate a departure in excess of the

mean death-rate in February, July, August, September and December,

while that of the remaining months was low.

The mean maximum departure from the death-rate for each month for

the period of twenty years, 1856-75, was 32.9 per cent, in August, and

the twenty-year period 1876-95 it was 20 per cent, in August, while that

of February, 1902, was 6.3 per cent, and that of August, 1902, was 5.8

per cent.

In the two years having the highest death-rates in Massachusetts in the

past half-century or more (1849 and 1872) the maximum departures from

the yearly means were, respectively, 83.4 per cent, in August, 1849, and

40 per cent, in August, 1872. That of January, 1890, the month in which

the epidemic of influenza was at its maximum, was 43.4 per cent, above

the mean.

In the early history of the State, when the population was more uni-

formly distributed than it is at present, and was not so densely settled in

cities and large towns, it was a common custom to publish yearly statistics

grouped according to the different county limits ; but at the present day

such methods of classification have no significance, no one cares for them

and they are absolutely without value. The birth-rate, the marriage-rate

or the death-rate of a county are questions of no importance whatever,

since they have neither significance nor any practical value so far as the

more densely settled New England States are concerned. On the other

hand municipal statistics are increasing in importance, as the aggregation

of the population in cities and large towns increases.

In Table II. of this report of deaths decided differences in the death-rates

appear upon examination, the figures varying from a minimum of 6.03 per

1,000 in Winthrop to a maximum of 21.85 per 1,000 in Blackstone.

The following cities and towns had death-rates above 19 per 1,000:

Blackstone, 21.85; Palmer, 20.78; New Bedford, 20.53; Fall River,

19.87; Lowell, 19.43; Chicopee, 19.42, and Newburyport, 19.34.

The following cities and towns had death-rates less than 12 per 1,000 :

North Attleborough, 11.83 ; Attleborough, 11.68 ; Spencer, 11.53 ; Orange,

11.46; Brockton, 10.99; Northampton, 10.89; Medford, 10.79; Win-

chendon, 10 56; Whitman, 10.29; Westborough, 9.70; Concord, 9.41;

Norwrood, 9.41 ; Williarastown, 8.69 ; Winchester, 7.80 ; Wellesley, 7.39
;

Winthrop, 6.03.

The death-rates of the large cities of the State were as follows : Boston,

18.66 per 1,000; Worcester, 13.42; Fall River, 19.87; Lowell, 19.43

Cambridge, 15.09; Lynn, 14.18; Lawrence, 17.29; New Bedford, 20.53

Springfield, 15.33; Somerville, 13.51; Holyoke, 15.69; Brockton, 10.99

Haverhill, 14.38; Salem, 17.91 ; Chelsea, 18.18; Maiden, 13.85: Newton,

12.16; Fitchburg, 13.38; Taunton, 14.04; Gloucester, 15.66. Each of
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the foregoing cities had a population of more than 25,000 by the census of

1900.

The combined death-rate of the three shoe manufacturing cities, Brock-

ton, Haverhill and Lynn, was 13.3; that of the four textile manufacturing

cities, Fall River, New Bedford, Lowell and Lawrence, was 19.4.

In several of the towns which had very low death-rates special condi-

tions prevailed, which would, partially at least, account for such low death-

rates.

Accurate comparisons caqnot be made of the death-rates of different

<;ities and towns in the absence of knowledge as to the sex and age consti-

tution of their inhabitants. Another item which affects the death-rate un-

favorably is the presence of large public and private institutions, in which

non-residents are treated. For example, in the census year 1900 there

were more than 400 deaths of non-residents in the institutions of Boston,

which contributed to raise the death-rate of the city. (For further infor-

mation as to methods of correcting the death-rates of cities, see general

report in the early part of this volume under the title of " Death-rates of

Cities.")

Causes op Death.

In Table III., the mortality of the cities and towns embraced in this sum-

mary is presented in absolute figures, classified according to the principal

causes of death. The same figures are again presented in relative terms in

Table IV., for the whole group of cities and towns combined. Two sets of

figures are given in Table IV., in one of which the mortality from each prin-

cipal cause of death is compared with the estimated population of the group

for 1902, as well as for each of the last five years, and in the other with

the total mortality of the group of cities and towns.

By this it appears that the general death-rate from all causes, as shown

in the lower line at the left of the table, 162.07 per 10,000 living, or, as

usually stated, 16.21 per 1,000, was lower than that of either of the pre-

ceding years, and since the population comprised in these returns constitutes

over 85 per cent, of that of the whole State, there are indications that the

death-rate of the State was less than that of any year in the past cen-

tury.

As was stated in last year's report, the decline in the general death-

rate is chiefly due to a decrease in the relative number of deaths from

infectious diseases, and especially from those which are usually considered

as preventable.

The death-rates from each of the following causes was less than that of

1901 : consumption, scarlet fever, diphtheria, typhoid fever, cerebro-spinal

meningitis, erysipelas, puerperal fever, influenza, malarial fever, cholera

infantum, dysentery, pneumonia, heart diseases and kidney diseases.

Those of consumption, typhoid fever, cerebro-spinal meningitis, influenza,
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malarial fever, cholera infantum and dysentery were also less than the

death-rates from the same causes in any of the last five years.

The following table, first published in the report of 1899, presents the

combined death-rate from eight of the principal infectious diseases, and

also shows that this combined death-rate in 1902 was less than that of any

of the years embraced in this series of reports.

The diseases referred to are consumption, measles, scarlet fever, diph-

theria, whooping-cough, typhoid fever, puerperal fever and cholera in-

fantum.

The combined death-rate per 10,000 of the population from these eight

causes for the eight years (1895-1902) in the cities and towns included in

this report (about five-sixths of the total population of the State) was as

follows :
—
Oombined Death-rate from Eight Principal Infectious Diseases.

Year.
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creased from 35.7 per cent, of the total mortality to 36.9, 36.9, 38.5, 39.2,

40.2, 38.6, 40.1 and 42.7 per cent, in the same years.

These all combined constituted the greater part of the total mortality in

each of the nine years 1894-1902, and of the diseases specifled in the table

entitled the "Balance of Mortality," in the annual report of 1896, page

812.

Tabli; I.

Poimlation of Cities and Large Towns estimatedfor 1902.

Reporting Cities and Towns.

Adams, .

Amesburj',
Amherst,
Andover,
Arlington,
Athol, .

Attleborough
Beverly,
Blackslone,
Boston,
Braintree,
Bridtiewater,
Brockton,
Brookline,
Cambridge,
Chelsea,
Chicopee,
Clinton, .

Concord,
Danvers,
Dedhara,
Easthampton,
Everett,
Fall Rutir,
Fitch bl'rg,
Framingham,
Franklin,
Gardner,
Gloucester,
Grafton,
Great Barrington,
Greenfield,
Haverhill,
Hingham,
Holtoke,
Hudson,
Hyde Park,
Lawrence,
Leominster,
Lowell,
Lynn, .

Malden,
Marblehead,
Marlborough,
Medford,
Melrose,
Methuen,
Middleborongh,

Estimated
Population

for

1903.

12,813

9,473
5,126

7,081

9.439

7,061

12,847

14,814

5,721

588,730
6,249

6,254
43,208
21,679
96,334
35,264
20,390

14,646
5,842

8,686

7,555
5,929

27,114
111,872
33,848
12,109
5,017

11,544
26,121
4,869

6,278
8,605

40,392
5,155

48,065
5,512

13,858
67,275

13,953
99,574
71,144
35,390
7,582

13,609

20,014
13,384
8,240
6,963

KKPOBTiyo Cities and Towns.

Milford,

.

Milton, .

Natick, . . :

New Bedford, .

Newburyport, .

Xewton,
North Adams, .

Northampton, .

North Attleborough,
Northbrldge,

.

Norwood,
Orange, .

Palmer, .

Peabody,
PiTTSFIELD, .

Plymouth,
QuiNcr,

.

Reading,
Rnvore, .

Rockland,
Salem, .

SauKUB, .

Somerville,
Southbridge, .

Spencer,
Springfield,
Stoneham,
Stoughton,
Taunton,
Wakefield, .

Waltham, .

Ware,
Watertown, .

Webster,
WelleBley, .

Westborough,
West Held,
West BpringBeld,

.

Weymouth, .

Whitman,
Williamstown,
Winchendon,
Winchester, .

Winlhrop,
Woburn,
Worcester,

Estimated
Population

for

1902.

Total,

12,516

7,002
9,758

65,574
14,478
36.336
26.583
19,460
7,523

7,736
5,842
5,.584

8,179
11,956

22.311
10,336
25,307
5,069

11,894
5,.327

36,567
5,318

65,882
10,838
7,633

66,854
6,197

5,510

32,759
9,684

24,612
8,507

10,600

9,206
5,410

5,466
13,038
7,497

11,337
6,319
5,063

5.205
7,688

6,804
14,285

127.337

2,497,015

The death-rate of Amesbury, Athol, Blackstone, Franklin, Gloucester,

Grafton, Marblehead, Marlborough, Newburyport, Rockland and Stone-

ham was based on the population of 1900, these towns ha%'ing slightly de-

creased in population in the five years which elapsed between the census

of 1895 and 1900.
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Table IV.

Deaths from Specified Causes, 1902, in Cities and Toivns required to report to the

State Board of Health, Death-rates per 10,000 (1898-1.902), Deaths ;jer

1,000from All Causes, 1898-1902.
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HEALTH OF TOWNS.

The following digest consists chiefly of extracts from the annual reports

of the boards of health of cities and towns, illustrating the character and

extent of the sanitary work performed by local boards of health.

During the year, the epidemic of small-pox, which had begun in 1901,

continued to increase in severity until the disease had appeared during the

year 1902 in 122 cities and towns. The details of the epidemic may be

found in the general report at the beginning of this volume.

An increasing interest appears to be manifest in the necessity of making

adequate hospital provision in cities and towns not yet provided with the

proper means for isolating cases of contagious diseases, which cannot safely

be cared for at their homes.

Reports of inspections made by Dr. F. L. Morse, medical inspector of

the State Board of Health, may also be found in this section of the report,

together with a table showing the visits and inspections made for the pur-

pose of aiding cities and towns in controlling the spread of small-pox.

The following numerical statement of bacteriological work performed by

local boards of health is also taken from the annual reports of those boards

for the year 1902 :
—

Summary of Bacteriological Work in Massachusetts Cities and Towns in 1902,

and by the State Board of Health.
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Arlington.

The medical inspector has made daily visits to the various schools, and

the following is his report :
—

The total number of children examined during the year 1902 Avas 1,212, of

which number 109 were sent home for the following causes :
—

Pediculi,
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limits of the town of Belmont, except in accordance with a written pei'mit to be

first granted by the board of health of said town.

Any person, firm or corporation desiring to exercise said trade or employment
within the limits of said town must make written application for a permit to said

board of health, subject to its approval, and must describe in said application the

premises upon which the applicant desires to exercise said trade or employment,

and must state the times when and within which the applicant desires to exercise

said trade or emplo3-ment, and also the depth and area of the excavation or exca-

vations said applicant desires to make.

Said board will not grant such permit unless said applicant shall first furnish a

bond with good and sufficient sureties (the amount of said bond, and said sure ties

to be satisfactory to said board), running to the town of Belmont, and conditioned

upon the observance by said applicant of the terms of said permit, and also upon

the filling in, within a reasonable time, to be fixed b}' said board, and with proper

materials and in a manner satisfactory to said board, any excavation or excava-

tions to be made by said applicant.

The following report of Dr. Morse, medical inspector of the Board,

relates to an inspection made at Belmont on account of a limited epidemic

of typhoid fever which bad been reported from that town :
—

On September 5 my attention was called by the board of health of the town of

Belmont to a number of cases of typhoid fever which were appearing in the town.

A visit was accordingly made, and upon investigation it was found that 6 cases of

the disease had been reported within the past week, and that all of them obtained

their milk supply from one milkman. He had accommodations for carrying on

only a small business, which he personally attended to. The water supply at

the barn was obtained from the public supply, while that at the house, in which

the milk utensils were washed, was obtained from a dug well located under

the back room of the house, and, apparently, capable of being polluted by the

existing surroundings.

The milkman himself had, some months previously, been ill with typhoid fever,

but he seemed to have entirely recovered at the time of the investigation.

A sample of water from the well was obtained, and upon examination found

to be extensively polluted. A specimen was also analyzed bacterially, and 30

colon bacilli were found to each cubic centimeter.

The board of health of the town was informed of the results of these analyses

and advised to have the well discontinued, and that all precautions be taken by

the milkman himself to prevent the spread of the disease.

Boston.

The general health of the city for the past year, so far as it may be

judged by the total mortality and its classified causes, has been better than

the average for many years.

The total number of deaths for the year was 10,983, a decrease from the

previous year of 317. The death-rate for the year was 18.73 per 1,000

inhabitants. This rate is the lowest on record.
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Number of nuisances abated by owners or occupants of premises upon

notice of the board of health during the year, 17,759

Disinfections practised :
—

In case of infectious diseases, 7,483

Rooms disinfected, 12,791

Places disinfected, streets, courts, yards, cellars, sinks, cesspools, closets,

etc 77,943

Small-pox. — The presence of small-pox in Boston for nearly two years

has been unusual, and has been possible particularly for two reasons :'—
Fiist. — There have been a large number of mild, unrecognized cases of

small-pox in the city and suburban districts, going about from place to

place, and

Second. — There has been a large percentage of unprotected people ex-

posed to these unrecognized cases.

A serious drawback to our vaccinal protection against small-pox arises

from the fact that Boston is practically a hot-bed of the anti-vaccine heresy,

and although the vaccine house is built upon a rock, and is not likely to

fall, the noisy storm has frightened many of our people into a dangerous

neglect or opposition to vaccinal protection.

Hospital for Consumptives. — While it is gratifying to note the gradual

diminution in the death-rate from consumption in Boston, it is nevertheless

a source of regret that we are still without hospital accommodations for a

large number of consumptive patients who are indigent, and also a menace

to the public health.

Removal of Old Buildings. — More work has been done in the removal

of old buildings during this year than was ever accomplished in any other

year since the passage of the law in 1897.

During the year, the board has carried on this work to a great extent in

the removal of old, worn-out and dilapidated sheds and ells, located in the

rear yards of tenement houses, covering almost the entire yard space at the

rear, thus depriving the main part of the house of the sunlight and air

which it should have in order to ensure good sanitary conditions.

During the year 112 buildings and ells and 49 old sheds have been re-

moved.

Tenement Houses. — The inspection, alteration and renovation of the

tenement houses of Boston has been continued this year, and a great deal

of work has been done in the way of providing more light and ventilation

for dark bed-rooms, and in lighting, ventilating and relocating water-

closets.

The board begs to renew its recommendation that the tenement house

law be so changed as to include three-family houses, as they need super-

vision fully as much as those for four families.

Medical Inspection of Schools. — Summary of diseases found among

scholars in school :
—
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Specific infectious diseases.

Oral and respiratoi'y diseases,

Diseases of the ear.

Diseases of the eye, .

Diseases of the skin, .

Miscellaneous diseases,

Found free from disease, .

Total,

Number of pupils examined in the schools, ......
Number recommended to be sent home,

Number of consultations with teachers (about pupils returning to school,

etc.),

326

1,924

105

547

3,795

7,795

3,793

18,285

18,285

2,649

2,963

The Report of the Director of the Bacteriological Laboratory. — The work

of this department of the board is fully reported, and shows much original

as well as routine work.

The routine work embraced the following examinations of material for

detecting the presence of infectious diseases :
—

Diphtheria cultures,
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Brockton.

Formaldehyde disinfection of rooms and bedding, etc. , after contagious

diseases, has been continued as heretofore.

The board again strongly advises the establishment by the city of a con-

tagious disease hospital, where persons affected with dangerous diseases of

an infectious character may be isolated and properly treated, and the

utmost precautions be taken against an epidemic. It seems that the matter

of establishing such a hospital as the board advises has an economic as

well as humane and politic side.

The laboratory for bacteriological work, established by the board at the

filter-beds of the sewerage department, has proved an immense boon in the

work of detecting and arresting disease in its incipiency, and has been the

means of a saving to the city, the old system of sending cultures to Boston

for examination being expensive and time-taking.

A most striking and suggestive illustration of the value of the local

laboratory was shown in the case of a teacher of the public schools. She

was taken ill on Saturday, and on Sunday the attending physician took a

culture and found diphtheria bacilli, and placarded her house. The school

also was closed. Had the culture taken from this teacher been sent to

Boston, as would have been necessary in former times, her pupils would

have been exposed to the disease for at least two days.

The board would once more protest against the inefficiency of the present

system of milk inspection, believing that an impure supply can only be

properly guarded against by compelling all dealers coming into the city to

submit their supplies to chemical analysis, under the direction of the board,

at least once a month.

Brookline.

It is proposed to continue the war upon mosquitoes which was vigorously

waged last year. While there were undoubtedly less mosquitoes than usual

in Brookline last summer, the same thing was .true in a neighboring town

where nothing was done to diminish their numbers, so that too much must

not be claimed as the result of the work done here. It is not the intention

of the board to undertake an extensive scheme of draining private lands,

but reasonable efforts will be made to induce land owners to do away with

unnecessary standing water, affording breeding places for mosquitoes.

It is now generally agreed by physicians that infected persons, rather

than sewer gas, leaks in pipes or filthy substances, cause infectious diseases

to spread, and that they are best checked by isolation, and by such sani-

tary inspection and health regulations as tend to personal cleanliness. It

should not for a moment be supposed, however, that disorderly or filthy

premises, defective plumbing or overcrowded sleeping rooms can be toler-

ated.
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The new hospital buildings were completed early in the summer and are

now occupied, excepting the pavilion for diphtheria patients.

From Oct. 11, 1902, to Jan. 31, 1903, 21 scarlet fever patients, 13 diph-

theria patients and 2 patients ill with both diseases at once have been ad-

mitted to the hospital. Of the total number, 36, all recovered, except one

of the scarlet fever patients.

The new hospital arrangements prove very satisfactory to those in charge,

and the safety and comfort of the patients have undoubtedly been greatly

promoted by the many modern improvements that have been introduced.

A few private patients with either scarlet fever or diphtheria can now be

taken care of at the hospital.

The importance of certain precautions in preventing infection among
school children is so great that in October, with the approval of the medical

members of the school committee and the superintendent of schools, the

following circular was put in the hands of all the regular teachers except

those of the high school :
—

To (he Teachers of the Brookline Public Schools,

Your attention is called to the following report of a special committee of the

Massachusetts Association of Boards of Health, on teaching cleanliness among
school children :

—
At the annual meeting in Boston, in January, 1901, a special committee was in-

structed to draw up a circular of advice relating to cleanliness in school children,

and especially designed to prevent infection from one to another by intimate and

thoughtless contact between one another and their belongings. A meeting was

held for this purpose April 24, at the State House, in the rooms of the State Board

of Health. Members of the committee present: Dr. Charles V. Chapin, cliaii--

man ; Dr. Samuel W. Abbott, Dr. Theobald Smith, Dr. Francis P. Denny and Dr.

Hibbert W. Hill, secretary. A report and circular were prepared and accepted

by the association at its next quarterly meeting.

Report oj the Committee,

It appears to the committee that at times a considerable number of children

are infected with communicable disease, though they may be very slightly sick

or even not sick at all. Such children mingle freely with others, and are, accord-

ing to our present knowledge, the most fertile cause of the spread of communi-

cable disease. If the communication between mouth and mouth can be preveiUed,

it is believed that communicable disease (especially diphtheria) may be dimin-

ished. The schools seem to be proper places for inculcating that personal neat-

ness and cleanliness which would forbid the passage from mouth to mouth of

any article. The means suggested for the accomplishment of this object are :
—

(1) The instruction of teachers by an annual lecture or talk. The teachers'

institute furnishes an excellent opportunity for this.

(2) The distribution annually to teachers of a circular, a model for which is

hereby presented.

(3) If the town or city desires cleanliness and refinement taught, it must itself

teach by example.
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The free text-book system presents some obstacles to the development of the

idea of privac}' of personal propertj', but with care they can be overcome. Even

with this system the pupil can in most instances have his own books and pencils

for a term or year, and be held responsible for their condition. This should

always be done so far as possible with everything that is furnished by the school

department for the use of pupils. It entails moi-e trouble for the teachers, par-

ticularly in the care of pencils, pen-holders, etc., but with a proper system and

some care these may be kept separate for each child. When books become de-

cidedly soiled they should be burned.

The use of modelling clay, if it is passed from one pupil to another, is objec-

tionable, as it certainly gathers dirt from the hands ; but if each pupil's clay is

kept separate, as it is done in many schools, its use may be permitted. The

drinking cup is perhaps the most common means of transmitting saliva from one

child to another, and its use should be abolished. Sepai-ate drinking cups might

be provided, either by the pupils or by the school department. The use of a

special style of drinking fountain, to be used without cups, has been recom-

mended, but with this the committee has had no experience.

Suggestions for the Teaching of Cleanliness among School Children.

The poisons (germs) of some of the common and also of some of the most

loathsome diseases are frequently contained in the mouth. In such cases any-

thing which is moistened by the saliva of the infected person may, if it touches

the lips of another, convey disease. The more direct the contact the greater the

danger. It is the purpose of health officials to keep in isolation all persons hav-

ing dangerous communicable diseases during the time that they ai-e infectious,

but in many cases this is impossible. Little restraint is put on certain mild

diseases,— measles, whooping-cough, chicken-pox and mumps, — and even such

diseases as diphtheria, scarlet fever, varioloid and tuberculosis are frequently so

mild as to be unnoticed; and children affected with them mingle freely with

othei's. It is probable that in such cases one of the chief vehicles of contagion is

the secretion of the mouth and nose. It is believed that much can be done to

prevent contagion by teaching habits of cleanliness. If stich instruction is to be

effectual it must be continuous. The teacher must notice and correct the violation

of these rules as habitually as the violations of the mostformal school rules.

Even if the question of disease and contagion did not enter into the matter at

all the subject ought to be given moi'e attention by teachers. Our schools should

not only teach reading, writing and arithmetic ; it is quite as important that they

should inculcate cleanliness, decency, refinement and manners. Cleanliness should

be taught for its own sake, even if it had no relation whatever to health.

Teach the Children

Not to spit ; it is rarely necessary. To spit on the floor or sidewalk is an

abomination.

Not to put the fingers into the mouth.

Not to pick the nose.

Not to wet the fingers with saliva in turning the leaves of books.

Not to put pencils into the mouth, or moisten them with the lips.

Not to put money into the mouth.

Not to put pins into the mouth.

Not to put anything into the mouth except food and drink.
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Not to " swap " apple cores, candy, chewing gum, half-eaten food, whistles or

bean blowers, or anything that is habituallj' put into the mouth.

Kissing is a means of transmitting infection.

Teach the children to wash the hands and face often, and to keep the nails and

teeth clean. If the child is coming down with a communicable disease, it is

reasonable to believe that there is less chance of infecting jiersons and things if

the hands and face ai-e kept clean and not daubed with the secretions of the nose

and mouth.

Teach the children to turn the face aside when coughing or sneezing, if they

are facing another person.

See that the hair is free from every trace of pediculosis (lice).

Children should be taught that their bodies are their own private possessions
;

that personal cleanliness is a duty that they owe to themselves and to their

companions ; that the mouth is for eating, drinking and speaking, and should not

be used as a pocket ; and the lips should not take the place of fingers.

Cambridge.

Medical Inspection of Schools. — The diseases discovered in the schools

and the number of cases were as follows :
—

Chicken-pox, ....
Measles,
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Dedham.

The value of vaccination is again strikingly shown in the 3 cases now
existing in the town. In the case of the vaccinated patients the cases are

extremely light, in the unvaccinated patient, very severe, resulting in death.

EASTON.
The board earnestly recommends the establishment of a small contagious

hospital, where cases of infectious disease may be treated in a more eco-

nomical manner, and with a greater degree of safety to the community.

Fall River.

A hospital for contagious diseases is a necessity that should be provided

at as early a date as possible.

The board should be given the means to place medical supervision over

the schools of the city without being compelled to do so as an emergency

measure whenever occasion arises.

We should be given an appropriation to enable us to employ one or more

physicians to attend to the work of the board, such as diagnosing suspicious

cases, treating small-pox and contagious diseases at the temporary con-

tagious hospital and determining time of fumigation in cases of scarlet

fever and diphtheria treated outside such hospital, and to enable the board

to add the work of testing sputum for tuberculosis to that of bacteriologist,

as well as such other means as the medical fraternity and health boards

elsewhere are advocating and practising in combating this justly most

dreaded of diseases.

An inspector of meats, provisions, fruits and vegetables is much needed

in this city.

The mode of procedure in small-pox cases which has been found efl3cient

in this city for the past two years is as follows :
—

When a case is reported to the board the official diagnostician is sent to

examine it, and if it is found positive the house is placarded in various

languages and guards put on duty to prevent any person from leaving the

house or any person except bona fide residents or health officials from

entering it until after the patient is removed, all persons residing therein

who require it vaccinated, and the premises disinfected, after which the

guards are dismissed, and.all adults allowed to go and come at will, but no

person is permitted to remove or change residence until after the period

(sixteen days) in which any person affected with the disease would develop

it. A list of all adults is taken, and if working their employers are notified

and allowed to use their discretion about keeping them employed, and the

diagnostician visits the place frequently during the following sixteen days,

when, if no other cases occur, the premises are again disinfected and the
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placards removed. All school children and minors unemployed are pro-

hibited going outside further than the yard during the time the placards

are on the house, which will be continued sixteen days after the appear-

ance and removal of the last patient in the event of any case occurring

subsequent to the first case.

A record is also made of the names and addresses of all persons found

to have been exposed by visiting residence of the patient within sixteen

days previous, and these are also kept under surveillance and visited by

the physician at fixed intervals during the sixteen days following the date

of their last exposure.

FiTCHBURG.

Public sanitary matters have been acted upon by the board, after full

discussion, along the lines of the best for the greatest number. Quarantine

regulations could have been more satisfactorily enforced if the city had an

isolation hospital for diphtheria and scarlet fever. Several years ago the

annual report of the board stated that " good isolation is impossible in at

least one-half of the cases where it is needed the most, and therefore a con-

tagious disease hospital is imperatively demanded, and we ask that one be

provided at the earliest moment." Until such a building is provided, quar-

antine cannot be properly established without some injustice to the families

concerned.
HOLYOKE.

The board would once again call attention to the imperative need of a hos-

pital for the care of diseases of a contagious nature, especially diphtheria

and scarlet fever. The value of such institutions is being realized more and

more each year, and many of the cities of the State now have such accom-

modations, which greatly aid in the control of epidemics of such diseases.

With our large tenement districts, it is evident that we should have such a

building at our command in this city.

Hyde Park.

There were fewer cases of diphtheria than in 1901, and a smaller death-

rate also, and it is safe to say that the low death-rate from this dread

disease is due to the free use of antitoxin, which is furnished to us by the

State Board of Health ; and we feel that any act or acts of the Legislature

that would prevent the State Board of Health from supplying the people of

this State with what is now generally conceded to be a specific remedy for

diphtheria, would be a hardship which they should not be called upon to

endure.
Ipswich.

The general health of the town has been exceptionally good during the

year and no serious epidemics of contagious diseases have occurred. The

sanitary condition of the town the board considers generally satisfactory,

complaints of nuisances being very few.
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Lawrence.

For the past six or seven years the board has steadily advocated and

urged upon the city government the great necessity of a contagious disease

hospital, and we are much pleased that a hospital has been erected and

partially completed during the present year for the isolation and care of

persons sick with small-pox.

The new hospital has been furnished with apparatus and furniture suffi-

cient for ordinary requirements, and with proper attendants about fifteen

patients can be conveniently cared for, and more could be accommodated

if occasion should require. The needs of a small-pox hospital for all cases

likely to occur under ordinary conditions would seem to be now well sup-

plied. But there is still a pressing need of a hospital where diphtheria,

scarlet fever and measles may be cared for without peril to the sufferers

or the public. Frequently, contagious diseases break out in boarding

houses and tenement blocks, and for want of a proper place to remove the

patients to they are compelled to remain, to the great peril and inconven-

ience of other occupants. All the children in a large block are frequently

barred from school for several weeks on account of one case of contagious

disease. With a proper hospital for their reception the patients could be

removed where they would receive excellent care.

Lowell.

Our sanitary inspection is carried on systematically, and includes ex-

amination of conditions of cleanliness, plumbing, drainage, water supply,

garbage disposal and causes of illness ; and to make it fulfil its highest

possibilities, it should be sustained by an enlightened public opinion, non-

partisan health officers and ample appropriations.

Prevention costs less than cure, and any work that tends to arrest the

progress of disease should have the good-will of those who temporarily

hold the purse strings of the municipality.

During the year 1901 Lowell had a very large number of cases of diph-

theria. It continued with increasing virulence during the first month of

1902, 120 cases, the record height for any one month in the year 1902.

Total for 1902, 654 cases.

Sunday, January 26, following an examination of the inspector's reports,

it was found that in 8 cases of the day previous the families were served

by the same milkman, whose supply depot was in an adjoining town.

This seemed to be an important discovery, and the milk inspector with

the department bacteriologist were sent to the home of the milkman, in

order to ascertain if there was any reason to suppose him to be the source

of infection. They found the place and the method of distribution above

suspicion, but the proprietor had been unwell for several days with a sore

throat, and his assistant was wearing a cloth around his throat, which had
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troubled hira for some time. On being questioned, it was found that both

had consulted a local physician, but as he saw no patches he diagnosed the

trouble as tonsilitis. Cultures were taken from both throats and they were

found to contain diphtheria germs. They both stopped at once the delivery

of milk, and all cans and receptacles on the route were collected and

thoroughly washed and sterilized.

Following this discovery, a number of milkmen were examined by culture

but all were found in a healthy condition. From January 26 to February

6 43 cases of diphtheria were traced to the personal exposure or the milk

supply of this vendor.

Lynn.

There has been no general epidemic in the city as compared with some.

When we consider in a city of 72,000 inhabitants there have been only 12

cases of small-pox and no deaths, and that 10 of these cases came from

one source, we are very fortunate, to say the least. Lynn's death-rate is

the lowest of any city of her size in the State, her hygienic conditions are

of the best ; we have pure air and good water and plenty of it. But with

all this in our favor there is only one way to stamp out, and keep out. the

foulest of contagious diseases, small-pox. This can be done by vaccina-

tion alone.

Nantucket.

Following is the report of the medical inspector, Dr. Morse :
—

During the early part of the fall information was indirectly received at this

office from Wrentham in regard to a number of cases of typhoid fever existing

in that town, it being supposed that the disease was contracted at Siasconset, a

summer resort upon the island of Nantucket. As a result of this information a

visit was made to Siasconset on September 26 to investigate the existing con-

ditions, and to determine, if possible, the source of infection.

Up to this time only 4 cases of the disease had been brought to our attention,

but upon interviewing Dr. Roberts, a summer resident of Siasconset, we were

able to learn of many other cases which existed during the summer season and

which had not been reported to the local board of health as required by law. The

excuse was that the cases were not typical of typhoid fever, that they were mild

in character and probably due to another infection than that of the typhoid germ.

It was the intention at the time of the beginning of the investigation to obtain

a list of all of the guests at the Ocean View Hotel at this resort, at which place

all of the patients ill with the disease stopped, and it was stated that the hotel

register would be available at the hotel when we visited it ; but the register for

this year was not in the office, and those who were connected with the hotel at

the island did not know where it was. The manager of the hotel was later in-

terviewed in regard to the register, and stated that it had been left there at the

close of the season and he was not able to tell where it could be found at that

time. He did, however, furnish a list of about 40 names of people who were

guests at the hotel during the summer and stated that these names practically

represented 200 persons. It is estimated that during the summer season between
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700 and 800 guests were accommodated at the hotel, so we have been able to

interview directly hardly one-quarter of those who spent their vacations there.

From these three sources we have been able to learn of nearly 30 cases of

typhoid fever appearing among the guests of this hotel, and from inquiries made
at the time of the visit to Siasconset among the residents there and from Dr.

Roberts we are unable to find any other cases developing among those who did

not stop or take their meals at the hotel. So it seems that the source of infec-

tion must exist at the Ocean View Hotel.

Up to this year typhoid fever had hardly been known or spoken of at this

resort, but early in June, when the hotel opened for the summer business, one of

the first guests to come was a man from New York, who had been ill with typhoid

fever and was convalescent at the time of his arrival. The next case to appear

was the housekeeper of the hotel, who was taken ill on July 8. The paslry cook

was taken ill on July 15 ; the steward on August 12 ; a waitress on August 14,

and the watchman on August 24. Following these, up to September 8, 7 other

cases appeared, 5 of them among guests, the two others being the clerk and

head waiter of the hotel, and following the return of the guests to their homes

12 other cases appeared. It would seem from the history of these cases, appear-

ing at irregular intervals throughout practically the entire season, that the source

of infection was present all of the time, instead of having one specific source of

infection present for only a limited time, and when we examine the water sujjply

at the hotel we find the probable source of infection.

\Jp to this season the water supply was obtained from a dug Avell twenty-six

feet deep, located in a small engine room on the easterly side of the building and

walled on the inside. Soon after the hotel opened in June the sides of this well

caved in, and it was necessary to obtain a new suppl3% which was done by driving

a small galvanized iron pipe thirty-one feet below the surface of the gi'ound into

the bottom of the old dug well. While this was being done a temporary supply

was obtained for the use of the hotel at the town pump, some distance away, and

an analysis of this supply was made during the middle of the summer, and upon

examination it was found to be dangerously polluted. On account of the location

of this driven well it is exposed to many possible sources of pollution. A pipe

which conveys the sink water from the kitchen to a cess-j^ool about one hundred

and fifty feet from the well, and at a lower elevation, passes within ten feet of

the well. A cess-pool with plank sides and an earth bottom, receiving the sewage

from the water-closets at the hotel, is located sixty-three feet from it and upon a

higher elevation. A privy with an uncovered vault, used by the employees at the

hotel, is located about ninety feet from the well upon a higlu^r elevation and

draining towards the well, and the yard about the building had a decidedly

unclean appearance at a time when the cleaning-up process had been completed.

The water from this well was pumped by a steam engine to the rooms of the

hotel itself, and also into a coverless wooden tank located in a I'oom on the top

floor of a building called the Annex, and was supplied to the different floors

under this pressure. The room in which the tank was located was used as a

store-room by the servants of the hotel, and it contained slop pails, and a sink

into which, apparently, slops were turned. The Annex contained sleeping apart-

ments for those who boarded at the hotel.

The probable source of infection is, apparently, the use of the well water, and

it seems possible, on account of the fact that the housekeeper, the pastry cook
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and two waiters had the disease, that the infection may in addition have been

transferred directlj'^ to the food eaten bj- the guests.

A sample of water was obtained from the driven well and upon examination it

was found to be polluted to a considerable extent.

During the summer, after the town pump water had been found upon exami-

nation to be polluted, a new well was driven about fifteen feet distant from the

old "well, and a sample of water collected at the time of my visit showed this

supply to be even more polluted than the old one, the location of the well being

only about fifteen feet distant from a privy which was in constant use. Other

samples of water were obtained from supplies located in other parts of the vil-

lage, and the results of the analyses from these wells show them to be, with but

two exceptions, seriously polluted and unfit to use for drinking purposes. One

of these wells is that located at the Beach House and the other one upon the

estate of Dr. Harrison Allen, on Atlantic Avenue, both being driven wells.

It would seem necessary, before the opening of another season, that some

measures should be taken by the town of Nantucket to obtain a good water sup-

ply and a proper system of sewage disposal for the houses and hotels which are

located at this resort. They are, for the most part, within a limited area or hud-

dled together, each house having its individual well, constantly exposed to the

drainage, not only of their own houses, but of those immediately surrounding.

It would seem possible, in the opinion of the engineer, to introduce a water sup-

ply and a sewerage system at comparatively slight expense which would supply

the inhabitants of the resort and would prove of great benefit to the place as a

summer resort.

Newton.

During the year over 40 suspects were visited by the board, and of this

number 22 proved to be small-pox, while the remainder were examples of

disease over which the board has no control. It is this willingness to

report even doubtful cases as soon as seen, instead of waiting until the

disease has declared itself, that has enabled the board, in almost every

instance, to get control of the real cases at the earliest moment.

In almost every case where the patients have been ill for several days

before the board has been aware of the fact investigation has shown that

the delay was due to a failure to call a physician.

That Newton has not had a severe epidemic of infectious disease for

many years is undoubtedly due to the promptness with which the reports

are sent in by the physicians, who are, after all, unofficial and most valu-

able medical inspectors.

The outbreak of small-pox which occurred during the closing months of

1901 continued during the present year, and Newton had its share of cases.

The beginning of the year saw the small-pox hospital with but 1 case in

the wards, but other cases were reported from time to time, and before the

year ended 22 cases had been reported, with 1 death, a mortality of 4.54

per cent. By far the greater number of cases occurred in unvaccinated

persons, 17 out of the total stating that they had never been vaccinated or

else showing no visible scar. Several of the patients said that they had
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been vaccinated, but showed no scar, and careful questioning failed to

establish proof of a successful operation. They gave no history of a sore

arm, and the vaccination was evidently a failure. In this connection it is

proper to state that many persons will say that they have been vaccinated

when in reality all that they have done was to submit to an inoculation

which failed to " take." This, of course, does not constitute vaccination

in the proper sense of the term, and is absolutely useless for protection

against small-pox.

It is well to repeat the inoculation after any known exposure to infec-

tion in order to make " assurance doubly sure." Repeated vaccination

has been the practice among those members of the board whose duties led

to frequent exposure. When the inoculation did not "take" it has been

repeated as often as once a week until a successful result was obtained, or

the liability to infection ceased. As a result of this practice no member of

the board nor any employee or nurse contracted the disease, although re-

peatedly exposed to infection.

With the beginning of the present year the board discontinued the old

custom of segregating and quarantining the inmates of a house from which

a case of small-pox had been removed. It was felt to be a great and un-

necessary hardship to confine to the house for two weeks well persons

whose misfortune it was that a member of the household had contracted

small-pox. As these persons were well themselves it was impossible for

them to be dangerous to others provided they were properly disinfected.

For this reason the following procedure was adopted : the house where the

disease had appeared was thoroughly disinfected, all persons living in the

house were vaccinated, the clothing which they wore at the time the disease

was present disinfected, and they were allowed to go. They were warned

to call in a physician if they felt in the least ill, and they were visited

occasionally during the time when they might be expected to show symp-

toms of the disease. In case vaccination was refused the exposed person

was quarantined for two weeks.

The board was blamed somewhat when the public learned that the quar-

antine of suspects had been discontinued, but no evil results followed the

change, and the board feels that the correctness of its position in the mat-

ter has been demonstrated.

The new infectious disease wards have accommodations for twenty-five

patients each, giving a total of fifty beds, which should be ample for the

needs of the city for many years to come.

North Attleborough.

The persistent pollution of the Ten Mile River, making it the receptacle

for so much sewage of the town, must ultimately become so obnoxious as

to constitute a source of filth, with its disease-spreading influences. The

question has been raised, whether the clearing out of the bed of the river
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would not relieve this threatening condition for many years. As a com-

mittee has been appointed for the investigation of this question, the board

of health awaits the report of this committee without expressing an opinion

either pro or con.

As the effect of using the stream for a sewer will be more apparent and

obnoxious during the dry season the board of health entered a protest

against the use of the river as a cess-pool by a laundry company. The
only course open to the board was to inform the party that, in case any

complaint should arise from such use of the river, all connections with the

stream must be closed within twenty-four hours.

Palmer.

Upon application the State Board of Health has kept us well supplied

with antitoxin, and its general use by the physicians of the town in diph-

theria has been rewarded by very few deaths when compared with the

number of cases reported.

Plymouth.

It is gratifying to the board to note that the town voted at its last meet-

ing that all premises on the line of the public sewer should be connected

therewith within a reasonable length of time. It is not always easy to

enforce the regulations which the board deems necessary for the public

good, and it is encouraging to have such an assurance of support.

The water of the Elder Brewster or Pilgrim Spring is kept under sur-

veillance and occasionally analyzed on account of the opportunity for con-

tamination which its location affords, but it continues to remain pure in the

estimation of the State Board.

The following report relates to an inspection made at Plymouth by Dr.

Morse, medical inspector, on account of an epidemic of typhoid fever

which had been reported from Plymouth :
—

During the early part of October my attention was called by the board of health

of the town of Plymouth to a large number of cases of typhoid fever which had

occurred during the preceding weeks, and it was asked that an investigation be

made in order to determine the origin of the disease. A visit was made to the

town and 12 patients were visited, with the view of ascertaining the source of in-

fection Of these cases, 7 lived in one house, and it was learned that the first

patient was a child thirteen months of age, who had come to the town ill with

the disease on September 5, and from the fact that the child's mother and sister

had it at home, it is reasonable to believe that he contracted it from them. The

disease was unrecognized in the early part of the illness, they employing no phy-

sician and there being no steps taken towards disinfection to prevent the spread

of the disease. On October 10 another member of the family was taken ill ; on

October 13 two others ; on October 18 two more, and on October 23 the sixth case

occurred in this family.

The water supply was obtained from the public system and the milk from Mr.

Beckford, but there is no reason to suppose that infection was obtained from
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either of these sources, and the disease was probably transmitted directly from

one member of the family to another on account of the lack of the usual precau-

tions that are taken in such cases.

Of the remaining 5 cases, 1 came to Plymouth from Chicago and was ill with

the disease when he arrived. Another had visited out of town for several days

and it is not possible to state the origin of her illness. The third was an electric

lineman, working a lai-ge part of the time upon country roads and drinking water

from any available source.

Eliminating these cases, it is apparent that the town of Plymouth did not have

an unusually large number of cases of the disease present for that time of the

yeai% and the board of health was informed of this conclusion.

Revere.

At the present time we have but four piggeries in Revere, two having

been abolished because of the filthy manner in which they were maintained.

As the population of the town is rapidly increasing, we believe it is but

the question of a short time before these institutions will all have to give

way to the improvement of the town and go beyond its limit to some less

thickly settled locality.

Salem.

The board are firmly of the opinion that antitoxin is the greatest known

remedy for diphtheria, but it must be used in time, and freely.

The board feel it again a duty to call attention to the law concerning

contagious hospitals and the great want of Salem in this direction.

SOMERVILLE.

Number of nuisances abated,

Number of nuisances referred to board of 1903,

Number of nuisances complained of,

Number of complaints (many covering more than one nuisance),

Number of notices mailed,

Number of notices served by constables,

794

79

873

460

723

41

In addition to the above, 232 dead animals have been removed from the

public streets, and many nuisances have been abated on verbal notice from

the agent, without action by the board, of which no record has been made.

Each spring the whole city is examined, and cellars, yards and alleyways

where rubbish and filth have collected are required to be cleaned.

Glanders. — Fifty-six cases of glanders have been reported during the

year. Prompt action was taken in every case, and 51 of the horses were

killed, 5 being released from quarantine by order of the Cattle Com-

missioners.

By special request of attending physicians the agent has disinfected

rooms that have been occupied by patients with consumption, typhoid

fever and cancer. He has also disinfected a large number of library books,

and has burned a quantity of infected bedding and other material.
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SOUTHBRIDGE.

Duriug the months of April, May and June the town was visited with an

extensive epidemic of small-pox. Forty eases of that disease occurred in

Southbridge during the year. It is greatly to be regretted that early in the

epidemic there were those who did not realize the necessity for strict quar-

antine, and were induced, from motives best known to themselves, to in-

terfere with the efforts of this board to stamp out the disease. Professional

incompatibilities, in which we cannot think the people generally have much
interest, and which most certainly ought to have nothing to do with sanitary

regulations, seem to have operated to hinder and obstruct the board of

health in carrying out its proper and required work. Finally a general

vaccination was ordered, which effectually put an end to the contagion.

Springfield.

Recognizing the danger of conveying infection by the careless use of the

tools and utensils in barber shops, the following regulations were adopted

by the board in February :
—

The place of business, together with all furniture, shall be kept at all times in

a cleanly condition.

Mugs, shaving brushes and razors shall be sterilized in boiling water after

every separate use thereof.

A separate clean towel shall be used for each person.

Alum or other material used to stop the flow of blood shall be used in powdered

form and applied on a towel.

The use of powder puffs is prohibited.

The use of sponges is prohibited.

Every barber shop shall be provided with running hot and cold water. No
person shall be allowed to use any barber shop as a dormitory. Every barber

shall cleanse his hands thoroughly immediately after serving each customer.

Hair brushes and combs shall be thoroughly washed, at least once a day.

The above regulations have been printed on cardboard hangers and dis-

tributed to each barber shop. *

Continuing the custom inaugurated last year, free vaccination has been

offered every Saturday morning at the oftice of the health department.

Printed cards of instructions as to the proper care of the arm are given to

each person, and certificates of vaccination are given upon the return of

the patient with evidence of a successful operation.

Wakefield.

The following report of Medical Inspector Morse relates to an epidemic

of typhoid fever at Wakefield which apparently was traceable to pollution

of the public water supply of the town :
—
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On Septembei' 1.5 my attention was called by the board of health of the town
of Wakefield to the existence of a large number of cases of typhoid fever which

had occurred in the town during the preceding two weeks, and it was asked that

an investigation be made as to the cause of the disease. A visit was accordingly

made to the town and 20 patients ill with the disease were visited, and informa-

tion obtained relating to the source of the infection, Of these cases, 3 were ill

about two months previous, all members of one family. The water for drink-

ing was obtained from a well at their own house. One was ill in the early pait

of August, and from the histoiy obtained it is reasonable to suppose that she

contracted the disease while away from home. Of the remaining 16, all of them
went to bed between the first and eleventh of the month. They had variable

milk supplies, one dealer conducting a large business having 5 cases upon his route.

All of these patients obtained their water from the public supply, and attention

was next directed to possible existing sources of pollution. The water supply of

the town is supplied from Crystal Lake, situated only a short distance from the

thickly populated part of the town. An extensive ice business is carried on at

the easterly end of the lake, and during the summer season a trunk sewer was
being constructed along the edge of the lake for a considerable distance. It was
the custom of the contractors to pump the water collecting in the sewer trench

into a wooden trough, from which it flowed directly into Crystal Lake. Strict

orders had been issued by the superintendent in chai'ge that no nuisance should

be committed by the laborers upon the work, but it was known that such con-

ditions did exist, for several of the laborers were discharged as the result of

disobedience of this order. An anal5"sis of a sample of this water taken on Sep-

tember 16 did not show any marked variation from the usual character of the

water, but a sample obtained a few days later showed the presence, on analysis

of colon bacilli.

The board of health of the town was informed of the probable source of infec-

tion and advised to wai'n the people to boil all water befoi'e using for drinking

purposes, and the water company was asked to have the sewer trench water

diverted from their supply.

During the following ten days 5 other patients became ill with the disease,

which appai'ently ended the epidemic, as no other cases were reported until the

latter part of October, when 2 cases occurred, which, however, could not be

attributed to this infection.

Waltham.

Except fof an epidemic of measles the city has been unusually free from

infectious diseases during the year.

About six hundred complaints, varying in their nature, have been re-

ceived during the year. All complaints have been investigated and sucb

measures adopted as conditions seemed to warrant.

An examination of many of the dairies in this city and in neighboring

towns where our milk is produced has been made.

Ware.

That the general sanitary condition of the town improves each year is

indicated by the fewer number of calls to abate nuisances which the sani-



No. 34.] HEALTH OF TOWNS. 585

tary inspector receives, and the past year has been particularly noticeable

in this respect. Discarding the old privy vaults and wells and the more
careful attention given to the cleanliness of premises have done much
towards this result.

Watertown.

By vote of the town sufficient appropriations were made to build a new
isolation hospital, which is much better for its contemplated purposes than

any structure heretofore possessed by the town.

Twelve or more patients may be accommodated at the same time, and

there are two wards for the sexes, each separate and distinct from the

other. There are accommodations also for the doctor, nurse and house-

keeper. One of the features of the hospital is the dead wall, which sepa-

rates the contagious from the living wards of the hospital. A fence has

been built, which serves to screen from the view of passers-by any person

who is being taken into the hospital as a patient, and also affords a secluded

though somewhat restricted exercise yard for convalescent patients. We
have already had one patient in the hospital, and it is gratifying to report

that all of the appliances for supplying heat, water, etc., were found to be

in perfect working order.

Westport.

The following report of Dr. Morse, medical inspector of the Board, re-

lates to an inspection made at Westport on account of typhoid fever :
—

On October 25 my attention was called b}' the board of health of the town of

Westport to the iDresence of 7 cases of typhoid fever in the town, and it was asked

that an investigation be made as to the cause of the disease. A visit was accord-

ingly made to the family from which the cases were reported and it was found that

in September, 1901, a member of the family seventeen years of age became ill

with the disease while awaj and came home to be cared for. On July 30 of this

year a brother twelve years of age was taken ill ; on September 27 another

brother nine yeai's of age ; on October 1 a brother seven years of age ; on Octo-

ber 11a brother twenty-one years of age, and on October 17 a sister eighteen

years of age, were taken ill. It was apparent, from the history, that infection

was transmitted directly from one member of the family to another, for all assisted

at times in the care of those already ill.

The well from which the water supply of the house was obtained was located

at such a place that it was possible for it to be polluted, and upon examination it

was found to be quite sei'iously contaminated. The board of iiealth was advised

to stop further use of this well.

Winchester.

At the time of making our report last year we were straining every nerve

to induce people to be vaccinated, hoping to keep the town free from

small-pox. Free vaccination was offered and many availed themselves of

the opportunity, but we regret to say that we still have many unvaceinated

inhabitants.
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The town has appointed a committee to report upon location and cost of

a suitable building, where cases of contagious diseases may be properly

treated with greatest safety to the public.

Worcester.

In comparison with 1901 there was a large reduction in the number of

bathers. This was due entirely to the coolness of the season. The bath

houses were opened for use June 9 and closed September 13. Eighteen

thousand two hundred and sixty-eight men and boys used the men's house

during the season. At the women's bath house 11,495 persons were ac-

commodated.

In October the board adopted the following rule :
—

Pulmonary and laryngeal tuljerculosis are hereby declared to be infectious and

communicable diseases, dangerous to the public health. It shall be the duty of

every plij'sician who may be called to attend such cases, and of every householder

in whose famil}^ these diseases exist, to report to the board of health in writing

the name, age, sex, occupation and address of every person having such diseases.

It shall also be the duty of the superintendent of every public or private insti-

tution or dispensary in this' city to report to the board of health all cases of these

diseases which may come under his observation.

The addition of this disease to the number of communicable diseases

places Worcester abreast of the most progressive cities of the country, and

much good is expected to result from it. At present we disinfect after the

death or removal of each case. We also send a circular of instruction to

the family of each patient. On December 1 reports began to be received,

and to the end of the year 51 cases were reported and 28 rooms were disin-

fected.

The isolation hospital continues the good worl^ of previous years. More

cases were treated there than in the year preceding.

We again earnestly recommend an additional ward for mixed infections,

and also for those cases of measles which an epidemic of that disease is

sure to bring forth. These cases are servants in private families, em-

ployees and pupils in educational institutions, and inmates of hotels and

boarding-houses. All of these are so situated that it is impossible to prop-

erly care for or isolate them, and in consequence they are a source of great

anxiety and expense to the persons with whom they are connected.

We have had applications from all of these during the past three months,

but were obliged to refuse because there is no provision for the care and

solatioa of this disease at the hospital.



No. 34.] HEALTH OF TOWNS. 587



588 STATE BOARD OF HEALTH. [Pub. Doc.

>.

8

Ss-C



No. 34.] HEALTH OF TOWNS. 589

a



590 STATE BOARD OF HEALTH. [Pub. Doc.

^

3
a

a
o

^

^

50 s

-s
CQ

0^



No. 34.] HEALTH OF TOWNS. 591



592 STATE BOARD OF HEALTH. [Puo. Doc.



No. 34.] HEALTH OF TOWNS. 593

i

a
3C
a
s.



594 STATE BOARD OF HEALTH. [Pub. Doc.

^

a

.535

'k.

o -a

IT 5

<^



No. 34.] HEALTH OF TOWNS. • 595

a 1. I. .

° ^ . ^ £ s

« I I I I I 1 :
I i

-
ti



596 STATE BOARD OF HEALTH. [Pub. Doc.

^

»^



No. 34.] HEALTH OF TOWNS. .597

ii _a _a 3
£ s 3 -H

D.P. O. C SX — 2-a< >- = 3T3as g 2 msSS? W m '^S

o
. CA

• • n o> Ji _; o in t-' !N '^ S
i-ii-i " •M^""'^ ^ I. 1.0

Si U 6 g > i 2: «
.J g

>
g

°l |i I ^ ^ ^Z i ^
'^ ^ «l

oo 55 2 35°.oo ~ .2 3i*

WW a» aa«i«H«W« H

j= ^

e a. « JEa a if E s £ s s Sac a s&s ^' £5*"
o.Qj.O] o.m m o.is a>'t;?o.aJ.Oc3a;*a) <i^«ia: -'.* -«.^ « « ^. .aj ai
t>-4)C«a)0 >-oo o >4>o >-"'p.»>o>-">oo > ^ c > z, o '' S o o Soo Soobooaca osca c oceo oiroMoato^osoc ^Sc Obt- OtS a a St«B St*

(C„^«i« — oDji! ^ _««^ — 3— *_«tD_« — __« — w„ «"• 3^ * ^ a3 «

;5 c c Q o

fc-a&.aassfcsafasfeaaafefei'^safcas

OOOOOOOOOOOOOOOVOC*VOQ)«Oa>Q)

-r 3 M
•p _a T3 j;

eocococococoeocQcocococococQcococococQcocoeocococo



598 STATE BOARD OF HEALTH. [Pub. Doc. No. 34.

5

"t~.

^ o
^ c
»«e o

,8 H

'S
CQ

^

05

S ft

f^ H ^

a s

H W

a a ^
a» • « • aj
t> o cj a* X
Qj be a> Cii) cs^ CB '^ 33 4)

s ;= Q

& ^

O 2 P i3 O

H H W p H

d r- i-H

a a

Q M

i; . O SB 0) i D
O 5Q50- SP ^^«— -."l.^ _<B

5!z;^^:z;!5fe!z:a;S55

^ - QJ ^

p o G Q o a O Q O Q

(N lo eo CO

o«

a J J s s fa fa a a a



INDEX.

[599]





INDEX.
PAOB

Abington and Rockland, water supply of, examination of 99

Accident, mortality from (tables) 558, 562

Acton, examination of water of Nagog Pond 99

Adams, examination of Hoosick River at 390

Water supply of, advice of Board 5

Adams Fire District, Adams, water supply of, examination of 100

Advice of the Bpard to cities, towns and corporations upon water supply, sewerage,

etc 3, xxxii

Agawam, advice of Board relative to the pollution of Three Mile River ... 76

Alcohol, pet cent, of, in proprietary medicines 495, 497

Allspice, examination of 482

Aluminum, salts of, in food xlii

American Woolen Company (Dracut), water supply of, examination of . . . 112

(Maynard), advice of Board relative to sewage disposal 56

Amesbury, water supply of, examination of 101

Amherst, water supply of, examination of 101

Analyses of sewage 179

Andover, water supply of, examination of 101

Antitoxin, diphtheria, report upon the production, distribution and use of . . . 503

Use of, in hospitals and private practice 511

Antitoxin, and vaccine lymph, an act relative to the production and distribution of . xxx
Appropriations xlix

Arlington, health of 566

Water supply of (see Metropolitan Water District) 101

Arsenic in paper, fabrics, etc 498

Ashfield, water supply of, advice of Board 6

Examination of 102

Ashland Reservoir, examination of water of (Metropolitan Water District) . . 97,98

Assabet River (at Northborough), advice of Board relative to the pollution of . . 84

At Westborough 87

Examination of (see Concord River) 364

At Westborough 365

Below Hudson ; below Maynard; at mouth 366

Athol, examination of Miller's River at 413

Water supply of, examination of 102

Attleborough, examination of Ten Mile River I)elow 435

Health of 566

Water supply of, examination of 102

Avon, water supply of, examination of 103

Aver, water supply of, examination of 103

Bacilli, diphtheria, persistence of, in the throats of patients convalescent from

diphtheria 519

Tuberculosis, examination of sputum suspected of containing .... 521

B. Coli and bacterial etflciency, comparative, of filters Nos. 142, 143 and 172 . . 226

Effects of scrapins filters of different depths upon 228

B Coli and bacteria in samples from different depths of filter No. 172.... 227

B. Coli, seasonal distribution of 248

In spring water 251

On the change in the numbers of, in water during storage 256



602 INDEX.

PAGE

B. Coli and B. Typhosus, relative viability of 268

Relative behavior of, in water during sand filtration 269

The effect of cold on 269

B. Typhosus, B. Coli and, relative viability of 268

Bacteria and B. Coli in samples from different depths of filter No. 172.... 227

Bacteria, value of tests for, of specific types as an index of pollution .... 245

Seasonal distribution of B. Coli 248

B. Coli in spring water 251

Samples from public tubular and curb wells 252

Samples from domestic or private wells 252

Examinations of waters from ponds and lakes 253

On the change in the numbers of B. Coli in water during storage .... 256

Examinations of shell-fish 260

The so-called presumptive test, and its significance . 262

Significance of the various test types ". . 264

Relative viability of B. Coli and B. Typhosus 268

The relative behavior of B. Coli and B. Typhosus in water during sand filtra-

tion 269

Relative removal from water by sand filtration 269

Persistence of the two species in the filtering material 269

The effect of cold on B Coli and B. Typhosus 269

Viability when subjected to cold without freezing 270

Natural freezing, 271

Elimination by complete freezing 271

Viability in ice 272

Resistance to heat 274

Resistance to sunlight 275

Summary and conclusions 278

References 281

Bacterial and B. Coli efficiency, comparative, of filters Nos. 142, 143 and 172 . . 226

Effect of scraping filters of different depths upon 228

Bacterial examinations and results 237

Bacteriological work in Massachusetts cities and towns in 1902, summary of . . 565

Baking powders, work of the Board relating to xlii

Barber shops, regulations adopted by Springfield board of health, relating to . . 583

Barre, examination of Ware River at 358

Water supply of, examination of 103

Bedford, water supply of public schools, advice of Board 7

Examination of water of well at 103

Behan, Wm. (Salisbury), advice of Board relative to the water of a certain well . 36

Bellingham, examination of Charles River at 350

Belmont, health of 566

Clay pits, action of town relative to 566

Typhoid fever in 567

Water supply of (see Metropolitan Water District) 103

Benzoic acid, method for detecting 486

Beverly, examination of sewer outlets in, 295, 310

Water supply of (see Salem) 104

Billerica, water supply of, examination of 104

Blackstone River, examination of sewer outlets into 335, 439

Cities and towns, considerable portions of which arc within the water-shed of . 336

Combined results of sewage treatment 338

Examination of water from the 342

Above Worcester Sewage Precipitation Works 342

Below Worcester Sewage Precipitation Works 342

AtUxbridge; at Millville 343

" Blood Purifiers," examination of 496



INDEX. 603

PA'iE

Boston, action of Board relative to the ice supply of the Commonwealth Hygienic Ice

Company 72

Health of 567

Glanders in 569

Small-pox in 568

'I §Water supply of (see Metropolitan Water District) 104

Boston main drainage and south metropolitan sewerage districts 288, 310

Description of sewer outlets 290

Other outlets for sewage in the 290

Brain and spinal cord, diseases of, mortality from (tables) 558, 562

Braintree, water supply of, examination of 104

Bridgewater, advice of Board relative to sewage disposal 52

Examination of Taunton River at 431

Water supply of, examination of, at State Farm 105

Bridgewater and East Bridgewater, water supply of, examination of . . . . 104

Brockton, examination of Salisbury Plain River, below 431

Health of 570

Water supply of, examination of 106

Bronchitis, mortality from (tables) 558, 562

Brookline, examination of Charles River at 350

Health of 570

Suggestions for the teaching of cleanliness among school children ... : 572

Water supply of, examination of 106

(Holzer-Cabot Company), advice of Board relative to the water of certain wells . 7

Examination of water of well of 106

Butter, examination of 477

The Waterhouse or milk test 477

Uncolored oleomargarine 478

Renovated, an act relative to the sale of xxix

Cambridge, health of ,57,3

Water supply of, examination of 107

Cancer, mortality from (tables) .558, 562

Canton, water supply of, examination of 107, 108

Cassia, examination of 482

Cayenne, examination of 482

Cerebro-spinal meningitis, mortality from (tables) 5.58, 562

Charles River, examination of sewer outlets into 344, 440

Cities and towns, considerable portions of which are within the water-sbed of . 344

Special examinations of, near Milford 349

Chemical examination of water from, above and below Milford .... 349

At Bellingham 350

At Needham 350

Opposite Brookline Water Works pumping station 350

Opposite Newton Water Works pumping station .350

Opposite Waltham Water Works pumping station 350

Opposite Watertown Water Works pumping station 350

Charles River Dam Committee, advice of the Board relative to the pollution of the

Charles River 77

Cheese, examination of 479

Chelsea, examination of sewer outlets in 294, 309

Water supply of (see Metropolitan Water District) 108.

Cheshire, water supply of, examination of 108

Chester, water supply of, examination of 108

Chestnut Hill Reservoir, examination of water of (Metropolitan Water District) . 98,

Chicopee, examination of Chicopee River at 359

Water supply of, examination of 108.



f;04 INDEX.

I'AGB

Chicopee River, examination of sewer outlets into 351,441

Cities and towns, considerable portions of which are within the water-shed of . 351

Special examination of Ware River in the vicinity of Ware 357

Special examination of Quaboag River, at Palmer 357

Special examination of 357

Chemical examination of water from, and its tributaries 358

Ware River, at Barre 358

At Gilbertville; below Ware 358

Seven Mile River, above Spencer ; below Spencer 358

Quaboag River, above Palmer ; below Palmer 358

Below Ludlow ; at Chicopee 359

Choeolate and cocoa, examination of 479

Cholera infantum, mortality from (tables) . . . 558, 562

Cholera morbus, mortality from (tables) 558, 562

Cider, examination of 486

Cider vinegar, examination of 483

Cinders, decrease of open space in filter constructed of 195

Cities, death rate of xi

Cities and towns, advised with regard to water supply and sewage .... 3

Bacteriological work in 565

Character of sewage of 327

Considerable portions of which are within the water-shed of Blackstone River . 336

Charles River 344

Chicopee River 351

Concord River 360

Deerfield River -379

French River . 382

Hoosick River, 386

Housatonic River 392

Miller's River 409

Nashua River 414

Neponset River 420

Quinebaug River 424

Taunton River . 427

Ten Mile River iVi

Westfield River . . . : 435

A comparison of the condition of the different rivers at the points at which they

are polluted by the sewage of 449

Consumption of water in 169

From which no reports were received 547

In Massachusetts, having systems of sewerage, list of 313

Notified, on account of adulterated food and drugs 459

Number of, having water supplies 167

Population of, estimated, for 1902 553

Principal, on the Connecticut River and its tributaries 367

Merrimack River 398

Quantity of sewage discharged from 325

Returns of deaths from 548

To which antitoxin was distributed 506

Visits made to, by Medical Inspector Morse, for the purpose of investigating 405

cases suspected of being small-pox 587

Clark, H. W., chemist, report on the purification of sewage and water . . . 179

And Stephen DeM. Gage, on the value of tests for bacteria of specific types as an

index of pollution 245

Clay pits, abandoned, action of town of Belmont relative to 566

Cleanliness among school children, suggestions for the teaching of ... . 572

Cloves, examination of 482
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Coal, straining sewage through 183

Cocoa and chocolate, examination of 479

Coffee, examination of 479

Coliasset, advice of the Board relative to the pollution of the water supply ... 80

Water supply of, examination of 109

Coke, fine, decrease of open space in filter constructed of 197

Medium coarse, decrease of open space in filter constructed of ... . 196, 197

Purification of sewage in filters of 191

Cold Spring Brook, examination of water of (Metropolitan Water District) . . 97

Concord (Massachusetts Reformatory), water supply of, advice of Board ... 8

(Middlesex School), water supply of, advice of Board 9

Examination of water from Bateman's Pond 110

Concord and Lincoln, water supply of, examination of 109

Concord River, examination of sewer outlets into 359, 441

Cities and towns, considerable portions of which are within the water-shed of the 360

Special examination of Sudbury River 364

Special examination of Assabet River 364

Chemical examination of water from, and its tributaries 365

Sudbury River ; below Saxonville ; at mouth 365

Assabet River, at Westborough 365

Below Hudson ; below Maj^nard ; at mouth 366

At Billerica 366

Confectionery, examination of 479

Connecticut River 366, 442

Principal cities and towns on the, and its tributaries 367

Special examination of Mill and Manhan rivers 377

Special examination of • 378

Chemical examination of water from the 378

At Northfield ; below Springfield 378

Consumption, examination of sputum and other material suspected of containing the

bacilli of tuberculosis 521

Mortality from (tables) 558, 562

Prevalence of, in Massachusetts xxi

Consumption of water in various cities and towns, statistics relating to . . . 169

Conway, examination of water in Ill

Copper, salts of, in food xlii

Cosmetics, examination of 494

Cottage City, water supply of, examination of Ill

Cream, evaporated 476

Cream of tartar, examination of 479

Cultures, diphtheria, examined during the year ended March 31. 1903 . . . 516

Dalton Fire District, water supply of, examination of '..•.... Ill

Danvers and Middleton, water supply of, examination of Ill

Deaths, returns of, from cities and towns having a population of more than 5,000 . 548

By sexes and age periods 554

From specified causes 558

Total reported mortality, 1902 .536

Under five years of age 536

"Weekly mortality returns 533

Returns of, records of, an act relative to xxvii

Death-rate of cities xi

Dedham, health of .')74

Water supply of, examination of 112

Deerfield, examination of Deerfield River at 381

(South Deerfield Water Supply District), water supply of, advice of Board ... 10

Examination of 112
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Deerfield River, examination of sewer outlets into . 379, 443

Cities and towns, considerable portions of which are within the water-shed of the 379

Special examination of Green River, at Greenfield 381

Chemical examination of water from the 381

At Shelburne Falls 381

At Deerfield 381

Dennison Manufacturing Company (Framinsham), advice of the Board relative to

the water of a certain well 12

Water supply of, examination of 115

Diabetic flour, or gluten, examination of 497

Diarrhoea and cholera morbus, mortality from (tables) 558, 562

Diphtheria, in Lowell 576

Prevalence of, in Massachusetts xxiv
Diphtheria and croup, mortality from (tables) 558, 562

Reported cases of 537, 540

Diphtheria antitoxin, production of vaccine lymph and xxxviii

Report upon the production, distribution and use of 503

Number of bottles distributed from April 1, 1902, to March 31, 1903 ... 506

Summary observations upon the use of, in Massachusetts, during the year

ended March 31, 1903 509

Summary of the eight years ended March 31, 1903 512

Sequelae 513

Operations 513

Immunization 514

Diphtheria cultures examined during the year ended March 31, 1903 .... 516

Persistence of bacilli in the throats of patients convalescent from diphtheria . 519

Relation of clinical to bacteriological diagnosis 519

Relation of bacteriological diagnosis to the day of taking of culture . . . 519

Summary of the seven years ended March 31, 1903 520

Dracut (American Woolen Company), water supply of, examination of . . . 112

Drainage, separate systems of, an act relative to xxix
Draper, Dr. F. W., resignation of xlvi

Drugs : (See Food and Drug Inspection.)

Adulterated, cities and towns notified on account of 459

Examination of 490

Miscellaneous 492

Dysentery, mortality from (tables) 558,562

East Boston, examination of sewer outlets in 293, 310

East Bridgewater, water supply of, examination of (see Bridgewater) . . . 113

Easthampton, advice of Board relative to an ice supply 73

Water supply of, examination of 113

Easton, health of 574

Water supply of, North Easton Village District, examination of .... 113

Erysipelas, mortality from (tables) 558, 562

Essex County Club (Manchester), advice of Board relative to sewage disposal . . 55

Everett, advice of Board relative to a spring 12

Examination of water of a certain spring . *. 113

Water supply of, examination of (see Metropolitan Water District) ... 113

Examinations of the outlets of sewers, report upon the 287

Examination of water supplies 93, xxxii

Expenditures xlix

Food and drug 465

Experiments upon the purification of sewage and water at the Lawrence Experiment
Station xxxiv, 179

Fairhaven, examination of sewer outlets in 296

Water supply of, examination of 114
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Fall River, examination of sewer outlets in 296. 309

Description of sewer outlets in 297

Cove Street 297

Brightman Street; President Avenue; Citj- wharf; Ferry Street; William

Street ; Middle Street ; Riverview Street ; Birch Street 298

Mount Hope Avenue 299

Health of 574

Water supply of, examination of 114

Falmouth, water supply of, examination of 114

Filters :

Mineral and organic matter in effluent of contact filter No. 103 .... 186

Treatment of sewage in a contact filter of broken stone, filter No. 137 . . . 189

Treatment of sewage in a contact filter constructed of limonite, filter No. 165 . 190

Comparison of the purification of untreated sewage and of strained sewage in con-

tact filters of coke 191

Permanency of contact filters 194

Refiltration of effluents of filters Nos. 135 and 136 203

Treatment of crude sewage in an intermittent continuous filter, filter No. 189 . 204

Comparison of the effluents of contact and intermittent continuous filters . . 205

The stability of effluents of contact and intermittent continuous filters . . . 207

Operation of the large intermittent filters 214

Storage of nitrogen in sand filters 218

Effect of germicides in sand filtration 221

Filtration, contact 189

Intermittent continuous 198

Loss of nitrogen in, compared with the loss in intermittent continuous filtration . 213

Effect of germicides in sand filtration 221

Filtration of water 224

Fines, under provisions of the food and drug acts 465

Fitchburg, examination of Nashua River at 418

Health of 575

Water supply of, examination of . . • 114

Flanders, Oliver H. (Milton), advice of the Board relative to the water supply of East

Milton 32

Examination of water from bouse of 135

Flavoring extracts, examination of 479

Flow of streams 171

Food, other than milk, adulterated, cities and towns notified on account of . . 459

Prosecutions on account of 462

Food and drug inspection 455

Number of samples examined, 455

Summary of work during year, 456

Cities and towns to which notices were sent on account of adulterated milk in 1903 458

Cities and towns to which notices were sent on account of adulterated articles of

food other than milk 459

Cities and towns to which notices were sent on account of adulterated drugs . 459

Prosecutions . . . . ' 460

Report to the Legislature 460

Summaiy 463

Fines 465

Expenditures 465

Report of the analyst, Albert E. Leach 469

Milk 469

Statistics, summary of - 472

Quality of, by months 473

Artificial color in 473

Preservatives in 474

Condensed 475
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Food and drug inspection— Concluded.

Report of the analyst, Albert E. Leach— Concbided.

Butter 477

The Waterhouse or milk test 477

Uncolored oleomargarine 478

Cheese 479

Chocolate and cocoa 479

Coffee 479

Confectionery, 479

Cream of tartar, 479

Flavoring extracts, 479

Lemon extract 479

Vanilla extract 480

Honey 481

Lard ". 481

Maple sugar and syrup 482

Molasses 482

Spices 482

Tea 482

Vinegar 482

Test for malic acid in 485

Miscellaneous foods 485

Cider 486

Jams and jellies 486

Method for detecting benzoic acid 486

Grape juice 486

Ketchup . . . . . . . 486

Lime juice 487

Raspberry shrub, 487

Edible fats and oils 487

Summary of statistics of food, exclusive of milk 490

Drugs, examination of 490

Summary of drug statistics 493

Summary of food and drug statistics 494

Proprietary medicines, 494

Cosmetics , 494

Tonics and bitters 495

" Blood purifiers " 496

Sarsaparilla remedies 497

Starch in diabetic flour, or gluten 497

Examined for alcohol 495, 497

Arsenic in paper, fabrics, etc. 498

Inspection of liquors 498

Circular relating to 498

Directions for taking samples for analysis 499

Form of label 499

Form of certificate 500

Analyses of liquors, how recorded 500

An act relative to xxx
Work of Board relating to xxxvii

Fort Revere (Hull) advice of Board relative to sewage disposal 54

Foxborough, water supply of, examination of 115

Framingham, water supply of, examination of 115

(The Dennison Manufacturing Company), advice of the Board relative to the

water of a certain well 12

Examination of water of a certain well 115
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Framin^fham Reservoir No. 2, examination of water of (Metropolitan Water District) 98

Framinghara Reservoir No. 3, examination of water of (Metropolitan Water District) 97

Franklin, advice of Board relative to an ice supply 73

Water supply of, examination of HS
(William J. Whiting, Esq.) advice of the Board relative to the water of a certain

well 13

Examination of water of a certain well 11&

French River, examination of sewer outlets into 382, 443

Towns, considerable portions of which are within the water-shed of the . . 382

Special examination of, at Webster 385

Chemical examination of water from the . . . 385

Above Webster ; below Webster, 385

Gage, Stephen DeM., and H. W. Clark, on the value of tests for bacteria of specific

types as an index of pollution 245

Garbage and rubbish in the harbors and along the sea coast of Massachusetts Bay, an

act relative to xxviii

Gardner, water supply of, examination of 116

Gas, illuminating, work of the Board relating to xliv

Germicides, effect of, in sand filtration 221

Gilbertville, examination of Ware River at 358

Ginger, examination of 482

Glanders, in Boston • . 569

In Somerville 582

Prevalence of xxv
Gloucester, examination of sewer outlets in 299, 311

Water supply of, advice of Board 13

Examination of 116,117

Grape juice, examination of 486

Great Barrington, water supply of, examination of 117

Greenfield, examination of Green River at 381

Water supply of, examination of 117

(Wiley & Russell Manufacturing Company) advice of the Board relative to the

water of a certain spring 14

Examination of water of a certain spring 117

Green River, examination of, at Greenfield (see Deerfield River) 381

Groton, water supply of, examination of 118

Gnrney School, Whitman, examination of water from well at 160

Hadley, water supply of, advice of Board 14

Examination of 118

Hale House Farm (Watertown), advice of Board relative to the water of certain wells 48

Examination of water of certain wells 156

Harwich, advice of the Board relative to the pollution of Wychmere Harbor . . 81

Hatfield, water supply of, examination of 118

Haverhill, examination of Merrimack River at 408

Water supply of, examination of 119

Health of the State in 1902 vii

Health of towns 56.7

And medical and sanitary inspection . . xxxi
Heart, diseases of, mortality from (tables) 558, 562

Hlngham, examination of sewer outlets in 299

Water supply of, advice of Board • 1.')

Examination of 120

Holbrook, water supply of, examination of (see Randolph) 120

Holliston, water supply of, examination of 120
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Holyoke, advice of Board relative to an ice supply 74

Health of 575

Water supply of, advice of Board 18

Examination of 120

(Skinner Manufacturing Company), advice of Board relative to the water of a

certain well 20

Examination of water of a certain well 121

Holzer-Cabot Electric Company (Brookline), advice of Board relative to the water of

certain wells 7

Water supply of, examination of 106

Honey, examination of 481

Hoosick River 386, 444

Cities and towns, considerable portions of which are within the water-shed of the 386

Special examination of 389

Chemical examination of water from, and its branches 390

Above Adams; below Adams; at mouth, south branch 390

At mouth, north branch ; a mile below the outlet of the North Adams main

sewer 390

At Williamstown 391

Hopedale, water supply of, examination of (see Milford) 121

Hopkinton, water suppl3- of, examination of 121

Hopkinton Reservoir, examination of water of (Metropolitan Water District) . . 97

Housatonic River 391, 444

Cities and towns, considerable portions of which are within the water-shed of the 392

Special examination of 395

Chemical examination of water from the, and its branches 396

East branch, west branch, south-west branch, at Pittsfield 396

Below Pittsfield 396

Below Stockbridge 397

At Sheffield • .... 397

Hudson, advice of the Board relative to the pollution of Clye Brook .... 81

Examination of Assabet River below 366

Water supply of, examination of 122

Hull, examination of sewer outlets in 299, 311

Water supply of, examination of (see Hingham) 122

(Fort Revere), advice of Board relative to sewage disposal 54

Huntington, examination of Westfield River at 438

Water supply of, examination of 122

Hyde Park, examination of Neponset River at .423

Health of 575

Water supply of, advice of Board 20

Advice of Board relative to certain wells 21

Examination of water of certain wells 123

Hyde Park and Milton, water supply of, examination of 122

Ice, viability of B. Coli and B. Typhosus in 272

Ice supplies, action of Board in regard to applications for advice concerning . . 72

Illuminating gas, questions relative to, sulmiitted to the Board by the Legislature . xliv

Reply of the Board xliv

Immunization, by use of antitoxin 514

Indian Brook, examination of water of (Metropolitan Water District) ... 97

Infected articles, an act relative to xxviii

Infectious diseases, prevalence of, in Massachusetts viii

Deaths from, in 1901 and 1902 ix

Deaths and death-rates from, by ten-year periods, 1851-1900 x

The death-rate of cities x

By sexes and ages, 1899-1901 xii
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Infectious diseases, prevalence of, in Massachusetts— Concluded.

Census of 1900 xii

Recorded and corrected death-rates per 1,000 persons livinj; in Massachusetts

cities of more than 25,000 inhabitants in 1900 xiii

Small-pox XV
Distribution of xvi

Occupations of persons attacked by xvii

Summarj' of several years xvii

Sex ; fatality ; condition as to vaccination ; ages xviii

Consumption xxi

Typhoid fever xxiii

Diphtheria xxiv

Influenza, mortality from (tables) 558, 562

Inspection, medical and sanitary, and health of towns xxxi

Inspection of food and drugs. (See Food and Drug Inspection.)

Ipswich, health of 575

Water supply of, examination of 123

Jams and jellies 486

Ketchup, examination of 486

Kidneys, diseases of, mortality from (tables) ........ 558, 562

Kingston, water supply of, examination of 124

Lake Cochituate, examination of water of, at Wayland (Metropolitan Water District) 98

Lakes, ponds and, examinations of waters 263

Lancaster, advice of Board relative to sewage disposal 55

Examination of Nashua River at 418,419

Lard, examination of 481

Lawrence, examination of Merrimack River, above 408

Experiments upon the purification of sewage and water at the Lawrence Experi-

ment Station xxxiv, 179

Health of 576

Water supply of, advice of Board 21

Examination of 124

Lawrence city filter 235

Leach, Albert E., analyst, report on the analysis of food and drugs .... 469

Lead, per cent, of in cosmetics 494

Lee, water supply of, examination of 125

Leicester, water supply of, examination of 125

Lemon extract, examination of 479

Lenox, water supply of, examination of 125

Leominster, examination of Monoosnock Brook, below (see Nashua River) . . 418

Water supply of, advice of Board 24

Examination of 125

Lexington, water supply of, advice of Board 26

Examination of 126

Lime juice, examination of 487

Limonite, treatment of sewage in filter constructed of 190, 195

Lincoln, water supply of, examination of (see Concord) 127

Liquors, inspection of 498

Circular relating to 498
Directions for taking samples for analysis 499
Form of label 499
Form of certificate 500
Analyses of, how recorded 500

Longmeadow, water supply of, examination of 127
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Lowell, examination of Merrimack River, above 408

Health of 576

Water suppl^v of, examination of 127

Ludlow, examination of Chicopee River, below 35{>

Water supply of, examination of (see Springfield) 128

Lynn, examination of sewer outlets in . . „ 300

Health of 577

Lynn and Saugus, water supply of, examination of 128

Lynnfield (J. F. Smith), advice of Board relative to the water of a certain spring . 27

Examination of the water of a.certain spring 12!)

Mace, examination of 482

•Malaria, report upon the work of the Board relating to 528

Malarial fever, mortality from (tables) 558, 562

Maiden, water supply of, examination of (see Metropolitan Watei' District) . . 130

Malic acid in vinegar, test for 485

Manchester, advice of the Board relative to the pollution of Saw Mill Brook . . 82

Water supply of, advice of Board 27

Examination of 130

(Essex County Club) advice of Board relative to sewage disposal.... 55

Manhan River, examination of (see Connecticut River) 377

Mansfield, water supply of, examination of 131

Manual of health laws xxx
Manufacturing wastes, pollution of streams by 330

Maple sugar and syrup, examination of 482

Marblehead, advice of the Board relative to an ice supply 75

Water supply of, examination of 131

Marlborough, water supply of, examination of 131

Marshfield, water supply of, examination of 132

Massachusetts Reformatory (Concord), water supply of, advice of Board ... 8

Examination of . . . . 110

Mattapan Improvement Association, advice of the Board relative to the pollution of

Neponset River 83

Maynard, examination of Assabet River, below 366

Water supply of, examination of 132

(American Woolen Company), advice of Board relative to sewage disposal . . 56

Measles, mortality from (tables) 558, 562

Reported cases of 537, 540

Medfield, water supply of, examination of 13^

Medfield Insane Asj'lum, water supply of, examination of 133

Medford, water supply of, examination of (see Metropolitan Water District) . . 133

Medical and sanitary inspection xxxi

Melrose, water supply of, examination of (see Metropolitan Water District) . . 133

Merrimack River, examination of sewer outlets into 397, 44»

Principal cities and towns on the, and its tributaries 398

Special examination of 407

Chemical examination of water from the 408

Above Lowell; above Lawrence 408

Above Haverhill ; below Haverhill 408

Merrimack River water, turbidity of 231

Monthly averages 231

Daily turbidity 232

Meteorology • • • • ^^^

Metbuen, water supply of, examination of 133

Metropolitan Water District 95

Examination of Quinepoxet River, Holden 96

Stillwater Riverj Sterling 96
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Metropolitan Water District — Concltided.

Nashua River, South Branch, above Clinton 96

Sudbury Reservoir 96

Framingham Reservoir No. 3 97

Indian Brook, at head of Hopkinton Reservoir 97

Hopkinton Reservoir 97

Cold Spring Brook 97

Ashland Reservoir 97, 98

Sudbury River, at head of Framingham Reservoir No. 2 98

Framingham Reservoir No. 2 98

Lake Cochituate, Wayland 98

Chestnut Hill Reservoir 98

Spot Pond, Stoneham 98

Faucet at State House, Boston 99

Faucets in Revere 99

Faucets in Quincy 99

Metropolitan, north, sewerage district 291

Description of main outlet of the 292

Other outlets in the 293

East Boston '293
Chelsea 294

Metropolitan, south, sewerage districts, 288, 299

Middleborough, examination of Nemasket River at 431

Water supply of, examination of 133

Middlesex School (Concord), water supply of, advice of Board 9

Examination of 110

Middleton, water supply of, examination of (see Danvers) 134

Milford, special examination of Charles River, near 349

Chemical examination of water from Charles River, above and below . . . 349

Water supply of, advice of Board 29

Milford and Hopedale, water supply of, examination of 134

Milk, analysis of 455, 469

Adulterated, cities and towns to which notices were sent, on account of . . 458

Preservatives in 474

Condensed 475

Milk and milk products, prosecutions on account of 461

Milk statistics, summary of 472

Mill and Manhan rivers, examination of (see Connecticut River) 377

Millbury, water supply of, examination of 134

Miller's Falls Company (Montague), water supply of, advice of Board ... 32

Examination of 136

Miller's River, examination of sewer outlets into 409, 446

Towns, considerable portions of which are within the water-shed of . . . 409

Special examination of 412

Chemical examination of water from 413

Above A.thol ; above Orange ; below Orange 413

Millis, water supply of, examination of 135

Millville, examination of Blackstone River at 343

Milton, water supply of, advice of Board (see Hyde Park) .30-32

Examination of (see Metropolitan Water District) 135

Advice of Board to O. H. Flanders 32

Examination of water from well of 0. H. Flanders 135

Milton Lower Mills, examination of Neponset River at 423

Mineral and organic matter, comparative removal of from sewage .... 185

Mittineague. examination of Westfield River, above 439

Molasses, examination of 482

Monson, water supply of, examination of 135
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Montague, water supply of, examination of 136

(Miller's Falls Company), water supply of, advice of Board 32

Examination of 136

Morse, F. L., M D., inspector, investigations in regard to infectious diseases

567, 577, 581, 583, 585

Visits made to cities and towns by, for the purpose of investigating cases sus-

pected of being small-pox 587

Mortality reports

:

Statistical summaries 531

Weekly mortality returns 533

Meteorology 536

Fatality of certain diseases 537

Official returns of notified diseases dangerous to the public health . , . , 540

Certain infectious diseases by months 541

List of cities and towns from which no reports were received 547

Official returns of deaths in cities and large towns 548

Causes of death 551

Mustard, examination of 482

Nagog Pond, examination of water of 99

Nahant, examination of sewer outlets in 301, 311

Water supply of, examination of (see Metropolitan Water District) . . . 136

Nantucket, health of 577

Typhoid fever in 577

Water supply of, Siasconset, advice of Board 33

Examination of 136

Nashua River, examination of sewer outlets into 413, 446

Cities and towns, considerable portions of which are within the water-shed of the 414

Special examination of, and tributaries 417

Chemical examination of water from the, and its tributaries 418

Above Fitchburg ; below Fitchburg 418

Below Leominster ; at Lancaster 418, 419

AtPepperell 419

South Branch, examination of water of, above Clinton (Metropolitan Water Dis-

trict) 96

Natick, water supply of, advice of Board 33

Examination of '
• . 137

Needham, examination of Charles River at 350

Water supply of, examination of 137

Nemasket River, examination of, at Middleborough (see Taunton River) . . . 431

Neponset River, examination of sewer outlets into 419, 446

Cities and towns, considerable portions of which are within the water-shed of the 420

Chemical examination of water from the 423

At Walpole ; at Norwood ; at Hyde Park 423

At Milton Lower Mills 423

(Mattapan Improvement Association), advice of the Board relative to the pollu-

tion of 83

New Bedford, advice of the Board relative to an ice supply 76

Examination of sewer outlets in 302, 309

Water supply of, examination of 137

Newburyport, examination of sewer outlets in 303, 311

Water supply of, examination of 138

Newton, examination of Charles River at 350

Health of 579

Small-pox in 579

Water supply of, examination of 13.8
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North Adams, water supply of, examination of 139

Main sewer outlet, examination of Hoosick River at 390

Northampton, water supply of, examination of 139

North Andover, water supplj' of, examination of 139

North Attleborough, health of 580

Water supply of, examination of 140

Northborough, advice of Board relative to the pollution of the Assabet River . . 84
' Water supply of, examination of 140

Northbridge (Whitin Machine Works), water supply of, examination of . . . 140

(Whitinsville), advice of Board relative to sewage disposal 57

North Brookfield, water supply of, examination of 140

Northiield, examination of Connecticut River at 378

Water supply of, examination of 141

Norton, water supply of a school building at, advice of Board 34

Examination of water of a certain well 141

Norwood, examination of Neponset River at 423

Water supply of, examination of 141

Nutmeg, examination of 482

Oils, edible fats and 487

Oleomargarine, uncolored 478

Onset Bay Fire District (Wareham), water supply of, examination of . . . . 156

On the value of tests for bacteria of specific types as an index of pollution, etc. . . 245

Orange, examination of Miller's River at 413

Water supply of, examination of 142

Organic, and mineral, matter, comparative removal of, from sewage .... 185

Outlets, sewer, into the sea or into harbors or bays along the sea coast . . . 287

Palmer, examination of Quaboag River, below 357

Health of 581

Water supply of, examination of 142

Advice of Board relative to a certain spring 34

Examination of water of a certain spring 142

Peabody, water supply of, examination of • . 142

Pembroke, examination of water of Oldham Pond 143

Pepper, examination of 482

Pepperell, examination of Nashua River at 419

Pittsfield, examination of Housatonic River at 396

Water supply of, examination of 143

Plymouth, advice of Board relative to sewage disposal 58

Examination of sewer outlets in 304, 311

Health of 581

Typhoid fever in 581

Water supply of, examination of 144

Advice of Board relative to a certain spring 35

Examination of water of a certain spring 144

Pneumonia, mortality from (tables) 558, 562

Poisons found in cosmetics 494

Pollution of ponds, streams and other bodies of water, action of Board in regard to

applications 76

Pond waters, quantity of albuminoid ammonia in, in different months of the year . 321

Ponds and lakes, examinations of waters from 253

Ponds, streams and, in Massachusetts, the natural character of unpolluted waters of 315

Population, estimated, of cities and large towns, 1902 553

Preservatives in milk 474

Presumptive test, the so-called, and its significance 262

Preventable diseases, other xxvii
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Proprietary medicines 494

Prosecutions 460

Provincetown, water supply of, examination of 144

Public institutions (Worcester Insane Asylum), application from, for the approval of

a certain tract of land as a location 89

Puerperal fever, mortality from (tables) 558, 562

Purification of sewage and water (see Experiments upon the Purification of Sewage
and Water) xxxiv, 179

Quaboag River, examination of, at Palmer (see Chicopee River) 357, 358

Quincy, examination of water of Metropolitan District at 99

Water supply of, examination of (see Metropolitan Water District) . . . 145

Quinebaug River, examination of sewer outlets into 424, 447

Towns, considerable portions of which are within the water-shed of the . . 424

Chemical examination of water from the 426

Above Southbridge; below Southbridge, 426

Quinepoxet River, examination of water of, at Holden (Metropolitan Water District) 96

Rainfall, normal, in Massachusetts 170

Randolph and Holbrook, water supply of, examination of 145

Raspberry shrub, examination of 487

Reading, water supply of, examination of 145

Report to Legislature 460

Revere, advice of Board relative to sewage disposal 61

Examination of sewer outlets in 305, 310

Examination of water of Metropolitan District at 99

Health of 582

Water supply of, examination of (see Metropolitan Water District) . . . 146

River water, effect of the varying turbidity of, upon the period of operation of filters

between scrapings 234

River waters, quantity of albuminoid ammonia in, in diflferent months of the 3'ear . 320

Rivers and other inland waters, sewer outlets into 312

Rivers and sewer outlets, method of making examinations and presenting results . 334

Rockland, water supply of, examination of (see Abington) 146

Rockport, water supply of, advice of Board 35

Rules and regulations 88

Examination of 146

Routine work of the Board, xlvi

Rules and regulations of the State Board of Health for the sanitary protection of

sources of water supply 88

Rutland, water supply of, examination of 147

Salem, examination of sewer outlets in 305, 308

Health of 582

Salem and Beverlj'. water supply of, examination of 147

Salisbury (Wm. Behan), advice of Board relative to the water of a certain well . . 36

Examination of the water of a driven well at Gushing Beach 147

Salisbury Plain River, examination of, below Brockton (see Taunton River) . . 431

Salts of copper, aluminum, and zinc in foods, order of the Legislature relating to . xlii

Sanitary legislation enacted in 1903 xxvii

An act relative to returns of records of deaths by clerks of cities and towns . . xxvii

Relative to infected articles xxviii

Relative to the dumping of garbage and rubbish in the harbors and along the

seacoast of Massachusetts Bay xxviii

Relative to the sale of renovated butter xxix

Relative to separate systems of drainage xxix



INDEX. 617

PAGE

Sanitary legislation enacted in 1903 — Concluded.

An act relative to the enforcement of the laws relating to the inspection of food

and drugs xxx
Relative to the production and distribution of antitoxin and vaccine lymph . xxx

Sanitary protection of water supplies xxxiii

Sarsaparilla remedies, examination of 497

Saugus, water supply of, examination of (see Lynn) 147

Saxonville, examination of Sudbury River below 365

Scarlet-fever, mortality from (tables) 558, 562

Reported cases of 537, 540

Scituate, water supply of, advice of Board 37

Examination of 148

Septic sewage 180

Seven Mile River, examination of, at Spencer (see Chicopee River) .... 358

Sewage

:

Experiments upon the purification of, at Lawrence Experiment Station . xxxiv, 179

Analyses of sewage 179

Solids in sewage 179

Treatment of sewage to remove matters in suspension 180

Septic sewage 180

Andover septic tank 182

Straining sewage through coal 183

Comparative removal of mineral and organic, by a septic tank and coal

strainers 185

Purification of septic sewage *.
. . 185

Filtration of septic sewage A 185

Mineral and organic matter in effluent of contact filter No. 103 .... 186

Filtration of Andover septic sewage 187

Contact filtration 189

Treatment of sewage in a contact filter of broken stone 189

Filter No. 137 . 189

Double contact filtration 190

Filter No. 163 190

Treatment of sewage in a contact filter constructed of limonite .... 190

Filter No. 165 190

Comparison of the purification of untreated sewage and of strained sewage in

contact filters of coke 191

Filters Nos. 175 and 176 192

Efficiency of different materials in 193

Permanency of contact filters 194

Decrease of open space 195

Filter No. 82, constructed of cinders 195

Filter No. 137, constructed of broken stone 195

Filter No. 165, constructed of limonite 195

Filter No. 176, constructed of medium coarse coke 196

Filter No. 103, constructed of fine coke 197

Filter No. 175, constructed of medium coarse coke 197

Purification without nitrification 198

Intermittent continuous filtration 198

Filters Nos. 135 and 136 198

Refiltration of effluents of filters Nos. 135 and 136 203

Filter No. 185 203

Treatment of crude sewage in an intermittent continuous filter, . . . 204

Filter No. 189 204

Discussion of intermittent continuous filtration through coarse materials . . 204

Comparison of the effluents of contact and intermittent continuous filters . . 205



618 INDEX.

PAGE
Sewage — Concluded.

The stability of effluents of contact and intermittent continuous filters . . . 207

Nitrogen in applied sewage and in effluents 208

Loss of nitrogen in contact filtration, compared with the loss in intermittent con-

tinuous filtration 213

Operation of the large intermittent filters 214

Filters Nos. 1, 2 and 4 21o

Filters Nos. 5 B and 6 216

Filters Nos. 9 A and 10 217

Storage of nitrogen in sand filters 218

Filters No. 1 and 9 A 220

Filter No. 100 "... 220

Effect of germicides in sand filtration 221

Filters Nos. 182 and 183 222

Filter No. 184 223

Sewage disposal, work of Board relating to xxxiv
Sewer outlets, examination of, work of Board relating to xxxiv
Sewerage, water supply and, work of Board relating to xxxii

Sewerage and sewage disposal, action of the Board in regard to applications for advice

concerning 52

Sewers, report upon the examinations of the outlets of, and the effect of sewage dis-

posal in Massachusetts
'

285

Sewer outlets into the sea or into harbors or bays along the seacoast . . . 287

Boston main drainage and south metropolitan sewerage districts .... 288

Description of systems 288

Description of sewer outlets 290

Other outlets for sewage in the Boston main drainage and south metropolitan

sewerage districts 290

The north metropolitan sewerage district, 291

Description of main outlet of the 292

Other outlets in the 293

Beverly 295

Fairhaven 296

Fall River 296

Description of sewer outlets 297

Gloucester 299

Hingham 299

Hull . . - 299

Lynn 300

Nahant 301

New Bedford 302

Newburyport » 303

Plymouth 304

E.evere 305

Salem .305

Summary 307

Sewer outlets into rivers and other inland waters 312

Table showing the inland cities and towns in Massachusetts having systems of

sewerage, etc 313

Natural character of unpolluted waters of streams and ponds in Massachnsetts 315

Chemical analyses of the water of rivers 316

Of the water of ponds 316

Quantity of albuminoid ammonia in river waters in different months of the year . 320

In pond water 321

Flow of streams 322

Calculated yield of one square mile of land surface in million gallons (table) . 323

Quantity of sewage discharged from cities and towns 325



INDEX. 619

PAGB

Sewers, report upon the examinations of the outlets of, etc. — Concluded.

Average flow of sewage and average consumption of water, by months, 1902 . 326

Character of sewage of cities and towns 327

Table showing results of monthly analyses of sewage from a separate system of

sewers 329

Table showing variations in the flow and in the character of sewage, etc., for a

period of twenty-four hours 330

Manufacturing wastes 330

Chemical analyses from various manufacturing processes 332

Objectionaljle conditions resulting from the discharge of sewage into streams . 333

Method of making examinations and presenting results 334

Blackstone River 335, 439

Charles River 344, 440

Chicopee River 351, 441

Concord River 359, 441

Connecticut River 366,442

Deerfield River 379. 443

French River 382. 443

Hoosick River 386, 444

Housatonic River 391,444

Merrimack River 397, 445

Miller's River 409, 446

Nashua River 413, 446

Neponset River 419, 446

Quinehaug River 424, 447

Taunton River 426. 447

Ten Mile River 432, 448

Westfield River 435, 448

Summary 439

A comparison of the condition of the different rivers at the points at which they

are polluted by the sewage of cities and towns 449

Sharon, water supply of, examination of 148

Sheffield, examination of Housatonic River at 397

Water supplj' of, examination of 149

Shelburne Falls, examination of Deerfield River at 381

Shell-fish, examinations of 260

Shirley, water supply of, advice of Board 38

Examination of 149

Skinner Manufacturing Company (Holyoke), advice of Board relative to the water

of a certain well 20

Examination of water of a certain well 121

Small-pox, in Boston 568

In Cambridge 573

In Newton 579

In Southbridge 583

List of cities and towns visited by Medical Inspector Morse for the purpose of in-

vestigating cases suspected of being small-pox 587

Prevalence of, in Massachusetts, xv
By ages, and with reference to vaccination xviii

In the eighteenth and nineteenth centuries (diagram) xx
Mortality from (tables) 558, 562

Reported cases of 537, 540

Smith, J. F. (Lynnfield), advice of Board relative to the water of a certain spring . 27

Examination of water of a certain spring 129

Somerville, health of 582

Glanders in 582

Water supply of, examination of (see Metropolitan Water District) . . . 149



620 INDEX.

PAGE

Southborough, water supply of public schools, advice of Board 38

Examination of 149

Southbridge, examination of Quinebaug River at 426

Health of 583

Small-pox in 583

Water supply of, examination of 150

South Deerfield Water Suppl.y District (Deertield), water supply of, advice of Board . 10

South Hadley Falls Fire District, water supply of, examination of ... . 150

Spencer, examination of Seven Mile River at 358

Water supply of, examination of 150

Spices, examination of 482

Spinal cord, brain and, diseases of, mortality from (tables) 558, 562

Spot Pond, examination of water of, at Stoneham (Metropolitan Water District) . 98

Springfield, examination of Connecticut River, below 378

Health of 583

Barber shops, regulations adopted by local board of health 583

Water supply of, advice of Board 39

Springfield and Ludlow, water supply of, examination of 150

State House, examination of water of Metropolitan District at 99

Statistical summaries of disease and mortality 531

The weekly mortality returns 533

Meteorology 536

Fatality of certain diseases 537

Reported cases of infectious diseases in Massachusetts : diphtheria and croup,

scarlet-fever, typhoid fever, measles and small-pox 537

Reported cases of infectious diseases in Massachusetts, 1891-1902: diphtheria

and croup, scarlet-fever, typhoid fever and measles 538

Reports of diseases dangerous to the public health, from cities and towns, under

the provisions of chapter 75 of the Revised Laws 540

Cases of infectious diseases reported to the Board in 1902, by months . . . 541

From 261 cities and towns 543

List of cities and towns from which no reports were received 547

Returns of deaths from cities, and towns having a population of more than 5,000 548

Causes of death 551

List of reporting cities and towns, with estimated population for 1902 . . 553

Total deaths, deaths by sexes and age periods, and still-births (table) . • 554

Deaths from specified causes (table) 558

Causes of death, death-rates and percentages of total mortality (table) . . 562

Statistical table for the year ended Sept. 30, 1902 xlvii

Statistics relating to the consumption of water in various cities and towns . . . 169

Stillwater River, examination of water of, at Sterling (Metropolitan Water District) . 96

Stockbridge, examination of Housatonic River below 397

Water supply of, examination of 151

Stone, broken, decrease of open space in filter constructed of 195

Stoneham, water supply of, examination of (see Metropolitan Water District) . . 151

Stoughton, advice of Board relative to certain wells 44

Examination of certain wells 152

Streams, flow of 171, 322

Streams, objectionable conditions resulting from the discharge of sewage into . . 333

Streams and ponds in Massachusetts, the natural character of unpolluted waters of . 315

Sturbridge (Fiskdale Mills), water supply of, advice of Board 44

Examination of 152

Sudbury Reservoir, examination of water of (Metropolitan Water District) . . 96

Sudbury River, examination of (see Concord River) 364

Below Saxonville; at mouth 365

Examination of water of (Metropolitan Water District) 98

Yield of, in gallons per day 174



INDEX. 621

PAGB

Suicide, mortality from (tables) 558, 562

Sunderland, water supply of, advice of Board 45

Examination of 153

Summary of report upon the examination of sewer outlets 307

Summary of water supply statistics 167

Swampscott, advice of the Board relative to sewage disposal 62

Water supply of, examination of (see Metropolitan "Water District) . . . 153

Taunton, advice of the Board relative to sewage disposal 63

Rules and regulations 88

Water supply of, examination of 153

Taunton River, examination of, at State Farm, Bridgewater 105

Cities and towns, considerable portions of which are within the water-shed of the 427

Chemical examination of water from the, and its tributaries 431

Salisbury Plain River, below Brockton 431

At Bridgewater 431

Neniasket River, at Middleborough 431

At Taunton 432

Examination of sewer outlets into 426, 447

Tea, examination of 482

Ten Mile River, examination of sewer outlets into . " 432, 448

Towns, considerable portions of which are within the water-shed of . . . 433

Special examination of 434

Chemical examination of water from the 435

Below Attleborough 435

Test, presumptive, so called, and its significance 262

Test types, significance of the various 264

Tewksbury, water supply of, advice of Board 46

Examination of 154

Tewksbury State Hospital, water supply of, examination of 155

Tisbury, water supply of, examination of 155

Tonics and bitters, examination of 495, 497

Towns. (See Cities and Towns.)

Towns, health of. (See Health of Towns.)

Tuberculosis, examination of sputum and other material suspected of containing the

bacilli of 521

Summary of the seven years ended March 31, 1903 525

Turner's Falls Fire District (Montague), water supply of, examination of . . . 136

Typhoid fever, in Belmont 567

In Nantucket 577

In Plymouth 581

In Wakefield 583

In Westport 585

Mortality from (tables) 558, 562

Reported cases of 537, 540

Prevalence of, in Massachusetts xxiii

Widal, agglutinative or serum test 526

Uxbridge, examination of Blackstone River at 343

Vaccination, facts relating to xviii

Vaccine lymph and antitoxin, an act relative to the production and distribution of . xxx
Vaccine lymph and diphtheria antitoxin, production of xxxviii

Resolve to provide that the State Board of Health shall investigate the production

of vaccine lymph, and report to the General Court xxxviii

Report of the Board xxxviii

Vanilla extract, examination of 480



622 INDEX.

PAGE

Vinegar, examination of 482

Test for malic acid in 485

Wakefield, health of 583

Typhoid fever in 583

Water supply of, examination of 155

Walpole, examination of Neponset River at 423

Water supply of, examination of 155

Waltham. advice of the Board relative to pollution of the water tjupply ... 85

Advice of the Board relative to sewage disposal 64

Examination of Charles River at . 350

Health of 584

Water supply of, examina.ion of 155

Ware, examination of Ware River at 357, 358

Health of 584

Water supply of, examination of 156

Ware River, examination of, in the vicinity of Ware (see Chicopee River) . . . 357, 358

At Barre ; at Gilbertville 358

Wareham (Onset Bay Fire District), water supply of, examination of . . . . 156

Wastes, manufacturing, pollution of streams by 330

Water, filtration of ... 224

Average analyses of river water and effluents of filters Nos. 8 A, 142, 143 and 172,

1901-1902 225

Comparative bacterial and B. Coli efficiency of filters Nos. 142, 143 and 172 . . 226

Bacteria and B. Coli in samples from different depths of filter No. 172 . . . 227

EflFect of scraping filters of different depths upon bacterial and B. Coli efficiency . 228

Turbidity of Merrimack River water 231

Monthly averages 231

Daily turbidity 232

EflFect of the varj'ing turbidity of river water upon the period of operation of fil-

ters between scrapings 234

Lawrence city filter 235

Bacterial examinations and results 237

Water supplies, examination of xxxii, 93, 95

Sanitary protection of xxxiii

Water suppl}^ action of the Board in regard to applications concerning . . . 3-5

Water supply and sewerage, work of the Board relating to xxxii

Advice to cities and towns xxxii

Examinations of water supply xxxii

Sanitary protection of water supplies xxxiii

Experiments upon the purification of sewage and water at the Lawrence Experi-

ment Station xxxiii

Examination of sewer outlets and of the condition of rivers and other waters

affected by sewage disposal xxxiv

Water supply statistics, summary of 167

Records of rainfall 170

Flow of streams 171

Watertown, examination of Charles River at 350

Health of 585

Water supply of, examination of (see Metropolitan Water District) . . . 156

(Hale House Farm), advice of Board relative to the water of certain wells . . 48

Examination of water of certain wells 156

Wayland, water supply of, examination of 157

Webster, examination of French River at 385

Water supply of, examination of 157

Wellesley, advice of the' Board relative to sewage disposal 66

Water supply of, examination of 157



INDEX. 623

PAGE

Wellesley, advice of the Board relative to sewage disposal — Concluded.

(Wellesley College), water supply of, advice of Board 48

Examination of 158

Wells, domestic or private, samples from 252

Public tubular and curb, samples from 252

Westborough. advice of the Board relative to the pollution of the water supply . . 86

Examination of Assabet River at 365

Water supply of, examination of 158

Westfield, advice of the Board relative to sewage disposal 69

Examination of Westfield River at 439

Water supply of, examination of 158

Westfield River, examination of sewer outlets into 435, 448

Towns in the water-shed of the 435

Special examination of 438

Chemical examination of water from the, and its branches 438

East branch ; middle branch, at Huntington 438

At Westfield ; above Mittineague 439

Weston, water supply of, examination of 159

Westport, health of 585

Typhoid fever in 585

West Springfield, advice of Board relative to the pollution of Bagg Brook ... 87

Water supply of, examination of 159

Weymouth, advice of the Board relative to the pollution of Whitman's Pond . . 88

Water supply of, examination of 159

Whately, water supply of, advice of Board 49

Examination of 159

Whitin Machine Works (Northbridge), water supply of, examination of . . . 140

Whiting, William J., Esq. (Franklin), advice of the Board relative to the water of a

certain well 13, 116

Whitinsville (Northbridge), advice of Board relative to sewage disposal ... 57

Whitman, water supply of, advice of Board 49

Examination of 160

Water supply of Gnrney school, advice of Board 51

Examination of 160

Whitman's Pond, advice of the Board relative to the pollution of ... . 88

Whooping-cough, mortality from (tables) 558, 562

Wiley & Russell Manufacturing Company (Greenfield), Avater snpply of, examina-

tion of 117

Advice of the Board relative to the water of a certain spring 14

Williarastown, water supply of, examination of 160

Winchendon, water supply of, examination of 161

Winchester, health of 585

Water supply of, examination of 161

Winthrop, water supply of, examination of (see Metropolitan Water District) . . 162

Woburn, water supply of, examination of 162

Worcester, health of 586

Piegulations of local board of health relative to tuberculosis 586

Water supply of, advice of Board 51

Examination of 162

Worcester Insane Asylum (public institutions), application from, for the approval of

a certain tract of land as a location, 89

Worcester Sewage Precipitation Works, examination of Blackstone River at . . 342

Wrentham, advice of the Board relative to sewage disposal 70

Wychmere Harbor (Harwich), advice of the Board relative to the pollution of . . 81

Zinc, salts of, in food xlii












