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REPORT OF THE STATE BOARD OF HEALTH UPON THE EX-
AMINATION OF THE OUTLETS OF SEWERS AND AS

TO THE EFFECT OF SEWAGE DISPOSAL.

To the General Court ofMassachusetts.
By the provisions of chapter 104 of the Acts of the year 1901,

the State Board of Health is directed to examine all main outlets
of sewers and drainage of the cities and towns of the Common-
wealth, and the effect of sewage disposal and annually report thereon
to the General Court, with such recommendations for the protec-
tion of the interests of persons and property as the Board shall
deem expedient for the prevention of offensive odors and objection-
able conditions, and the Board herewith presents its report upon
the examinations made under this act during the past year.

There are 92 cities and towns in the State having systems of
sewerage available to a considerable portion of their population.
Of these, 23 are included in the metropolitan or Boston main drain-
age districts, 12 have outlets discharging directly into the sea or
into tidal waters, and the remaining 57 discharge their sewage into
inland streams. In a portion of the latter the sewage is previously
thoroughly purified, so that the effluent does not produce a notice-
able effect on the stream, and in other cases the sewage is partially
purified; but 35 cities and towns discharge crude sewage directly
into inland waters in the State, without any purification whatever.

In addition to the cities and towns which have fairly complete sys-
tems of sewers, there is a considerable number of places where there
are one or more sewers in a small section of a town, or where storm-
water drains exist which are used as outlets tor sewage. There are
also numerous other cases in which a few houses discharge at some
common outlet.

REPORT.
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Among the most serious sources of pollution of the inland waters
of the State are the polluted wastes and drainage from certain manu-
facturing processes, such as tanneries, wool-scouring establishments
and paper mills. In some cases the quantity of polluted drainage
from manufacturing processes is as great as the quantity of sewage
of a large town, and this sewage often contains an even larger quan-
tity of putresciblc organic matter in a given volume than ordinary
domestic sewage. Outlets for such drainage are, therefore, of ma-
terial importance in connection with an investigation of this kind.

A large portion of the information necessary to determine the
conditions existing at the various outlets has been collected, and
a number of the outlets have been examined. It has not been
practicable, however, to make a complete examination of all the
sewer outlets of the State during the past year. The outlets along
the seashore, by which flats or tidal waters which are sources of
shellfish used extensively for food were liable to be polluted, were
deemed to be of great importance, on account of the direct injury
to health that might result from the use of contaminated food; and
the work of the Board during the past year has been directed prin-
cipally to an examination of the conditions about sewer outlets into
the sea and tidal waters.

The cities and towns having partial or complete systems of sewer-
age which discharge into tidal waters along the seacoast of the State
are the following :

Hull,Newburyport,
Beverly, Plymouth

New Bedford,
Fairhaven,

Salem,
Lynn,
Nah ant,
Revere,

Taunton,
Fall River

Boston and metropolitan districts,

In the city of Gloucester, while there is no general sewerage sys-
tem, sewage from numerous buildings is discharged into streams or
drains provided for the removal of storm water, and a similar condi-
tion exists in a part of the village of Nantucket, where a drain is
utilized as a sewer outlet for a portion of the village.

The sewage of the north metropolitan sewerage district is dis-
charged at Deer Island on the northerly side of the entrance to
Boston harbor, and the sewage of the Boston main drainage and south
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metropolitan districts is discharged at Moon Island in the southerly
part of the harbor. These two outlets constitute the main sewer
outlets of the city of Boston and 22 other cities and towns included in
the north and south metropolitan districts. These outlets were exam-
ined by the Board in 1900, and their condition reported to the Leg-
islature in a special report of that year, entitled “ Report of the
State Board of Health upon the Discharge of Sewage into Boston
Harbor.”

There are, in addition, independent sewer outlets not connected
with the metropolitan or Boston main drainage districts through
which sewage is discharged into the waters of the metropolitan dis-
trict. The principal of these outlets are at East Boston and Chelsea.
A considerable population along Beacon Street on the borders of the
Charles River in Boston is not connected with any intercepting
sewer, and the sewage from about 1,000 people in this section is
discharged into the Charles River at all times.

In the lower poi'tion of the north metropolitan and Boston main
drainage districts, that is, in Somerville, Cambridge, Charlestown,
Everett, Chelsea and East Boston in the north metropolitan district,
and in Brookline and Boston in the south metropolitan and Boston
main drainage districts, —the sewers are constructed largely upon
the combined plan, and receive both sewage and storm water; and,
since the capacity of the main sewers is insufficient for removing all
of the water entering the sewers at times of storms, together with~ 7 ~

the sewage, a portion of the mingled sewage and storm water is
allowed to overflow at times of rain into adjacent waters. There
are many of these overflow outlets into the Charles, Mystic and
Neponset rivers and their tributaries and into Boston harbor within
the towns and cities mentioned.

All of the principal sewer outlets along the seacoast have been
examined during the past year, and, as already indicated, the con-
ditions about these outlets have been considered thus far mainly
with reference to the effect of the sewage upon the flats and tidal
waters from which shellfish are taken for food. In connection with
this examination many samples of shellfish have been collected from
various localities and sent to the Lawrence Experiment Station for
analysis.

The analyses have consisted in a determination of the presence or
absence of the colon bacillus, the characteristic organism of sewage.
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In collecting the samples from the various flats and waters in which
they occur it has been the custom in most cases to collect with the

water upon or near the flats, and
the water and the shellfish. In
dde the shell of the fish has been

sample of shellfish a sample of the
analyses have been made both of
most cases also the water found in
examined separately.

The results of the examinations
results of the analyses of samples

of various sewer outlets and the
of water and shellfish made by

the Board during the past year show that shellfish are collected for
use as food from polluted flats and waters about many sewer out-
lets, and shellfish taken from the neighborhood of these outlets show
the presence of the characteristic sewage organism. The places at
which the most serious pollution of the flats has been found and
where the colon bacillus has been found to be present in a con-
siderable proportion of the samples of shellfish and waters examined
are the following: the flats near the mouth of the Merrimack River
at Newburyport and Salisbury; the fiats in Lynn harbor; the flats
and shores on the south-easterly side of East Boston and Breed’s
Island; the flats in the Charles River; the flats about Savin Hill
and at the mouth of the Neponset River; the shores of Moon Island
and Moon Head and the causeway between ; the shores on the south-
westerly end of Long Island; the westerly shore of New Bedford
harbor and the upper end of Clark’s Cove in New Bedford; and the
flats adjacent to the city of Fall River.

It is not practicable, with the information which has thus far been
obtained regarding the effect of the sewage discharged into tidal
waters at these places, to determine definitely the limits at each
place within which shellfish are liable to be polluted and beyond
which they may safely be taken for use as food, though in some
cases such limits can be definitely assigned.

The flats along the Merrimack River at Newburyport and Salis-
bury just above the mouth of the river are exposed to pollution by
the waters of the river, into which large quantities of sewage are
discharged at Lowell, Lawrence, Haverhill and other places along
its course. The extent to which this pollution affects the shellfish
taken from these flats has not been definitely determined. A por-
tion of the flats on the Newburyport side of the river are further'
exposed to serious pollution by sewage from the sewer of the city
of Newburyport, but the area in which pollution from this sewer
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affects the flats from which shellfish are taken remains to be deter-
mined.

The flats of Lynn harbor, from which considerable numbers of
shellfish are collected, are exposed to pollution by sewage from the
main sewer outlet of the city, the contents of which are discharged
at all times directly into the harbor. Judging from the examina-
tions that have been made, it is possible that sewage from this
outlet affects adjacent flats in the Saugus and Pines rivers. A
further investigation will be necessary to determine to what extent
the shellfish in flats in the neighborhood of this outlet are affected
by sewage.

The clam flats along the Winthrop shore and in the neighborhood
of Apple Island do not appear to be affected by sewer outlets at the
present time; but there are several sewer outlets near the East
Boston and Breed’s Island shores by which it is evident, from the
examinations that have been made, that some of the shellfish of this
region are affected.

The Mystic River receives sewage through storm overflows in
Somerville, Charlestown, Chelsea and Everett. Shellfish are col-
lected from flats in the river which are located above most of the
sewer outlets, though, on account of the movement of the tides,
sewage from these outlets is probably carried to the flats from which
the shellfish are taken.

The Charles River, as already indicated, receives sewage directly
from houses along Beacon Street, and receives also the sewage over-
flowing at times of storms from sewer systems in Boston and Cam-
bridge. The results of examinations of shellfish from the flats in
the Charles River show that they are affected by sewage, and a large
proportion of the samples examined contained the colon bacillus.

In Dorchester Bay and along the southerly shore of the city of
Boston above the mouth of the Neponset River there are numerous
overflows from combined systems of sewers through which sewage is
discharged at times of storms into these waters, and examinations
show that shellfish, which are taken in considerable numbers from
flats in the neighborhood of Savin Hill, are affected by the sew-
age.

The Neponset River is a highly polluted stream throughout the
fresh-water portion of its course, and also receives sewage through
sewer overflows at times of storms in the tidal portion of its course.
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The shellfish which are taken from the estuary of this river in con-
siderable numbers are evidently affected by sewage.

A very large proportion of the samples of clams collected for an-
alysis from the neighborhood of the main sewer outlet of the Boston
main drainage and south metropolitan systems at Moon Island and
from the shores of Moon Head and the causeway to Moon Island
have been found to contain the characteristic sewage organism.
Clams collected from the shores of the south-westerly half of Long
Island, both on the north and on the south, are also found to be
affected by the discharge of sewage from Moon Island ; and several
of the samples of shellfish collected from these shores have been
found to contain the colon bacillus. At Spectacle Island, where a
considerable number of clams are collected, the shores appear to be
greatly polluted by refuse discharged there, which affects the shell-
fish.

In all of the places thus far described in the northerly part of the
State practically the only shellfish collected are clams, which are
cooked before being eaten. Quahaugs and oysters, which are con-
sumed in the raw state as well as when cooked, are not found in
any considerable numbers in the northerly part of the State, though
oysters are planted at some places where they will be available for
immediate use. Quahaugs are collected along the southerly shores
of the State and from the islands in great numbers. They are gen-
erally of comparatively small size, and are known also under the
name of “ little neck clams.”

Large numbers of shellfish (clams and quahaugs) are collected
from New Bedford harbor and from Clark’s Cove, in the southerly
part of the city. The sewage of New Bedford is discharged through
numerous outlets all along the westerly shore of the harbor in front
of the city, ahd there are several outlets into the northerly end of
Clark’s Cove. The shellfish of New Bedford harbor and the north-
erly end of Clark’s Cove are affected by the sewage discharged from
the city sewers, and a large proportion of the samples of shellfish
from these places have been found to contain the characteristic sew-
age organism. Sewage is discharged into the easterly side ot the
harbor by the town of Fairhaven, but the quantity so discharged is
small compared with the quantity discharged by the city of New
Bedford. It is possible that there may be some places in New Bed-
ford harbor above the sewer outlets where shellfish are unaffected by
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the discharge of sewage, but it will take time to determine theseo o '

areas with certainty.
The Taunton River and Mount Hope Bay receive the sewage of

the cities of Taunton and Fall River. The Taunton sewage is dis-
charged at present partly into the Mill River and partly into the
Taunton River just below the city, several miles above the points
at which shellfish are taken in considerable numbers. The quantity
of sewage thus far discharged into the sewers in Taunton appears,
from information furnished by the city, to be considerably less than
the quantity which will discharge into them as soon as the works are
somewhat further developed and the connections made.

At Fall River the sewage is discharged at many outlets all along
the shore of Mount Hope Bay in front of the city. Considerable
numbers of clams are collected along the shore in close proximity to
some of these outlets, where they are evidently affected by sewage.

The places above described include those at which the most serious
danger to the public health has thus far been found to exist on ac-
count of the pollution of shellfish used for food by sewer outlets
discharging into tidal waters. Further investigations are under
way at many of these places to obtain more definite information as
to the limits within which serious danger of the pollution of shell-
fish may exist, and investigations are also being made at many other
places.

The effect of the use of polluted shellfish on the public health has
been the subject of investigation in other States and in other coun-
tries in recent years; and epidemics of typhoid fever have been
traced to the use for food of shellfish taken from sewage-polluted
flats or waters. A summary of some of the more important investi-
gations of such epidemics has been prepared by Mr. Clark, the
chemist of the Board, and is presented in a report appended hereto.
This report also includes the results of experiments upon the effect
of heat, such as would be applied in the cooking of shellfish, upon
the colon bacillus and the germs of typhoid fever.
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An Investigation upon the Infection of Shellfish
with Sewage Bacteria when exposed to Con-
tamination from Sewage-polluted Waters.

Boston, Mass., May 15, 1902.

Hiram F. Mills, A.M , C.E., Chairman of the Committee on Water Supply and
Sewerage of the State Board of Health.

Sir: —During the years 1900 and 1901 considerable investigation has
been made in the laboratory of the Lawrence Experiment Station, to de-
termine whether shellfish, such as clams, oysters, scallops, etc., taken
from various locations on the coast of Massachusetts, are contaminated in
some instances by the sewage reaching them from sewer outlets, etc. This
investigation was begun at the request of the engineering department of the
Board, and practically all the samples examined have been collected by the
employees of that department, one lot of samples, however, having been
collected by Dr. F. L. Morse, medical inspector of the Board.

Report.

During 1900 samples were collected from clam flats and oyster and scal-
lop beds at New Bedford, Duxbury, Marion, Cotuit, Gloucester and Ips-
wich. During 1901 samples have been collected from Quincy Bay;
Squantum (Boston harbor) ; Charles River flats; Spectacle Island, Long
Island and Peddock’s Island (Boston harbor) ; East Boston flats and Win-
throp (Boston harbor) ; Revere and Lynn; Mystic River flats; Rock
Island Cove, Quincy Bay; Town River Bay, Quincy; Weymouth Fore
River and AVeymouth Back River; Wellfleet; New Bedford; Fairhaven;
Newburyport; Salisbury; Fall River and other places.

Bacterial examinationsof oysters and other shellfish, to determine whether
they were contaminated by sewage when collected from places reached by
sewage-polluted water, have been made by a number of investigators
during the past few years, and the following is a list of most of the work
along this line :

Drs. Buselrode and Klein; Twefty-fourth report Local Government Board
(Eng.), 1894-1895, “ Oyster Culture in Relation to Disease.”

An examination of the oyster supplies of Great Britain, including an examina-
tion of oysters from the oyster beds and also oysters from the places where they
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sent to market
were planted in creeks, alongside of wharves, etc., for fattening until they we

Summary of contents of abov
1. Much sewage-polluted water reache

oysters.
many of the places used for fattening

2. The bacterial examinations were of
presence of B. coli communis in the wan

two kinds: (1) the determination of the
t surrounding the beds and in the shell-

fish themselves, and (2) the inoculation of oysters with the germs of typhoid
fever, for the determination of the length of life of the typhoid germ under such
conditions.

3, The result of their study was the detection of B. coli communis in many of
the oysters from polluted sources, and the establishment of the fact that the
typhoid bacillus would live for fourteen days in sea water and for a number of
days within the shell of the oyster.

Prof. H. W. Conn : “An Epidemic of Typhoid Fever at Wesleyan University
Summary of bacteriological contents of above
Professor Conn determined that the cause of a large number of cases of typhoid

fever amongst college students who had attended a banquet of one of the frater-
nities at Wesleyan University was the eating of oysters taken from the Connect-
icut coast from an inlet where they were placed for fattening, and into which
flowed sewage from one or two houses where there had been two cases of
typhoid fever only shortly before these oysters were sent to market.

C. J. Foote : report of Connecticut State Board of Health, 1896, “ A Bacterio-
logical Study of Oysters as a Source of Typhoid Infection.”

Summary of contents of above:
and the germs proved to live forty-eightOysters were inoculated with typhoid,

hours under such conditions.
Journal of the French Academy of M

through the Agency of Oysters.”
Heine, 1896, “The Spread of Disease

Summary’ of contents of above :

Relates of cases of typhoid fever cau ed by oysters, and experiments upon the
erms lived forty-eight hours.life of typhoid germs in oysters. The

Annual report of the medical officer f the Local Government Board (supple-
ment), 1897-98, pp. 210 el seq.

Report upon a slight epidemic caused by eating shellfish that were presumably
grown or “ fattened ” in polluted waters in England.

Public Health Journal (England), August, 1900, “ Diffusion of Typhoid by
Oysters and B Coli Communis in Oysters,”

Summary of contents of abov
The article states that Dr. Cameron of Dublin in 1880 was the first to suspect

oysters of being a vehicle for the transmission of enteric fever. Gives results of
investigations by Drs. Burdoni-Uffredizzi and C. Zenobi, published in “Ciornale
della Reale Societa Italiana dTgiene.”

Summary of contents of above
The investigation was made because of cases of enteric fever in Milan, due, it

was thought, to eating raw oysters. They proved (1) that the typhoid bacillus
would live in sea water for fourteen days; (2) they found B. coli communis in
oysters taken from Milan.
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British Medical Journal, 1896, “ Reports of Epidemics and Isolated Cases of
Typhoid Fever, due to eating Raw Oysters.”

Drs. Herdman and Boyce : Proceedings Royal Society, 1899, “ Oysters and
Disease.” Lancashire Sea Fisheries, Memoir No. 1, London, 1899, “An Ac-
count of Certain Observations upon the Normal and Pathological Histology and
Bacteriology of the Oyster and Other Shellfish.”

Summary of bacteriological contents of above:
1. Identification and differentiation of B. typhosus and B. coli communis,
2. Action of sea water upon B. typhosus.
3. Infection of oysters with B. typhosus.
4. Bacteria present in the alimentary canal of the oyster and other shellfish.
5. Occurrence of B. enteritidis sporogenes (Klein) in shellfish.
Conclusions of Herdman and Boyce:
1. Although B, typhosus was not found in any of the samples of shellfish ex-

amined (market samples), yet in the experiments with oysters inoculated with
typhoid the bacillus was recovered from the oysters on the tenth day (Klein
found them on the fourteenth day).

2 B. typhosus does not increase in the tissues nor in the alimentary canal of
the oyster, and, in fact, perishes in the latter place.

3. The colon group of bacilli is frequently found in shellfish exposed for sale
in the public markets, especially in the oyster.

4. Frequently there is found in the various shellfish exposed for sale (oysters,
mussels, whelks, periwinkles, cockles) spore-forming anaerobic bacilli, showing
the characteristics of Klein’s B. enteritidis sporogenes.

Recommendation of Herdman and Boy
“ It is evident, from the result of these experiments and a consideration of all

the facts brought to light in recent years in regard to the bacteriology of shell-
fish and its influence on public health, that we must regard oysters, mussels,
cockles and the like as nutritious food matters, which, from their nature and the
circumstances of their cultivation and sale, are liable to become contaminated
with organisms pathogenic or otherwise and their deleterious products.
Once this is recognized, the practical applications are largely a matter of com-
mon-sense. Shellfish must not be taken as food from grounds where there is any
possibility of sewage contamination; after removal from the sea, while in tran-
sit, in store or in market, they should bo carefully protected from any possibility
of insanitary environment; they should not be kept longer than is absolutely
necessary in shops, cellars, etc., in towns, where, even if not running the risk of
fresh contamination, they are under conditions favorable to the reduction of their
vitality and the growth of their bacterial contents, — the fresher they are from
the sea the more healthy they are likely to be; finally, only absolutely fresh
shellfish should be eaten uncooked, and those that are cooked must be sufficiently
cooked, raised to boiling point and kept there for at least ten minutes.”

The work at Lawrence has been entirely on determining whether B. coli,
the characteristic sewage bacillus, was present in water from which samples
were taken, or in the water or juice in the shells of the clams, oysters, etc.,
or in the body of the fish.
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Method of determining the Presence ofB. Coli.
The method of examining samples for this purpose was as follows
1. When the samples were forwarded to the station in jars containing

water, one cubic centimeter of the water in the jar was inoculated into
phenol dextrose bouillon.

2. To determine the presence of B. coli-in the juice in the shell, the
clams, oysters, etc., were washed with sterile water, then opened, and this
juice inoculated into bouillon.

3. To determine whether the'germ was present in the bodies of the clams,
oysters, etc., they were opened after washing with sterile water, and the
intestine, after maceration with sterile water, was inoculated into phenol
dextrose bouillon.

In the case of the examination of mud collected from New Bedford, one
cubic centimeter of the water on top of the mud in the jar when the sample
had reached the station was inoculated into phenol dextrose bouillon, and
also approximately five grams of mud were inoculated into a bottle of
phenol dextrose bouillon.

The method of carrying out the tests was as follows: the samples inoc-
ulated into phenol dextrose bouillon were incubated fourteen to sixteen
hours at 37° C., and samples from such tubes as showed fermentation were
plated on litmus lactose agar. These plates were grown fourteen to sixteen
hours, at 37° C., and from such as showed apparently characteristic colonies
of B. coli, agar slant cultures were made. These were incubated over night
at 37° C., and were then fished to the usual culture media for the subsequent
cultural tests. The colon group should act positively under the following
tests:

1. Dextrose bouillon should ferment, if B. coli is present
Litmus lactose agar is rendered acid, and red colonies are formed.
A. smooth white smear grows on the agar plant, which is never stringy.

4. Fermentation of the Smith solution.
Milk should coagulate in twenty-four hours

6. Nitrates should be reduced to nitrites in twenty-four hours
Indol is produced in Dunham’s solution in three day
Gelatine is non-liquefied and smooth after fourteen days’ growth.

Studying the results obtained in connection with the notes of the engi-
inditions prevailing at the locations
etc., were collected, we find that in

neering department describing the cc
where the samples of clams, oysters,
general the results of the tests for B
servalions made upon the pollution i
which the samples were taken, althouc
eral rule are noticeable.

coli communis coincide with the ob-
>r non-pollution of the source from
h one or two exceptions to the gen-

rmine simply the presence or absenceAll the tests made have been to det
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of the characteristic organism of sewage, no attempt being made to prove
whether the typhoid bacillus was present in these samples. Such tests
would probably have failed to disclose the presence of this germ, even if the
sample examined contained B. coli in large numbers, as it would only be
found if sewage from typhoid patients reached the beds. If sewage con-
taining typhoid bacilli from persons ill with the disease should, however,
reach the various clam and oyster beds, this bacillus could, without doubt,
find a lodging place in the shellfish as easily as the colon bacillus.

The colon bacillus, a natural inhabitant of the intestines, is undoubtedly
hardier than the typhoid bacillus, and more persistent in its life under un-
favorable conditions, as in water, etc. ; the lesser vitality of the typhoid
bacillus under such conditions also lessening the chance of finding it, if ex-
amination of the shellfish for its presence were made, and also lessening the
danger of infection from it. It is also probable that the chief if not the
only danger from eating clams, oysters, etc., from contaminated sources is
from consuming them in the raw state. Cooking them in any manner that
brings their temperature to the boiling point, even for a few minutes, will
probably destroy the organisms present.

The thermal death point of B. coli is stated to be 59° C., and the thermal
death point of B. typhosus is stated to be 60° C., and, although no experi-
ments have yet been made to determine the length of time necessary to
heat clams, oysters, etc., to destroy all the bacilli present, experiments
have been made to determine the degree of heat necessary to’sterilize a

broth rich in B. coli and also a broth rich in B. typhosus. To do this
in each case five hundred cubic centimeters of sterilized water was inocu-
lated with the broth and heated in a double boiler to 90° C., then over a free
flame. The temperature was taken frequently during the period elapsing
between the beginning of application of heat and the time that the liquid in
each case began to boil, and samples were taken at different times. The
results of two of these experiments were as follows:

Experiment with B. Coli.

_ 1 I Temperature B. Coli per
samples. i lime. (Degrees C.). Cubic Centimeter.

AM.
A 10.08 19 -*

B 10.20 45
C, 10.30 70 212
D 10.35 80 i 74
E, 10.42 90 1
F, 10.49 95 5
G, • 10.55 Boiling. 2
H, ....... 10.57 Boiling, ; 0
E’ 10.59 Boiling. | 0

Colonies too numerous to be counted



1902 SENATE No. 336. 15

A,
B,
C,
D,
E,
F,
G,
H,
I,
J,
K,

per
Cubic Centimet

1
I
0

0
0
0

W. CLARK

Experiment with B. Typhosus

Tetr
(l)e {

Samples. Tim

P.M.
2.00 20
2.04 40
2.06

6(

2.12
2. In
2.19 90
2.25 Boilin
2.26 Beilin
2.28 Boilin
2.30 ' Boilin

Colonies too numerous to be counted

Other experiments,have given similar results.

Respectfully submitted,

H.




