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REPORT OF THE JOINT BOARD ACTING UNDER
THE PROVISIONS OF CHAPTER 56 OF THE
RESOLVES OF 1917 PROVIDING FOR AN IN-
VESTIGATION OF THE DISCHARGE OF SEW-
AGE INTO BOSTON HARBOR. 1

State House, Boston, Jan. 9, 1918.
To the General Court of Massachusetts.

By chapter 56 of the Resolves of the year 1917 the chairman of the
Metropolitan Water and Sewerage Board, the Commissioner of Health
of the State Department of Health, and the Commissioner of Public
Works of the city of Boston, acting jointly, were authorized and
directed to make an investigation relative to the sewage discharged
into Boston Harbor and report the results with such recommendations
as they might deem expedient to the General Court.

The resolve is as follows

Resolved , That the chairman of the metropolitan water and sewerage board,
the commissioner of health of the state department of health, and the commis-
sioner of public works of the city of Boston, acting jointly,are hereby authorized
and directed to investigate the matter of the pollution of Boston harbor and
neighboring waters by sewage which is discharged into the harbor, and to deter-
mine whether there is any practical, economical way of removing from the sewage
any merchantable products contained therein. They shall report the result of
their investigations, with such recommendations as they may deem expedient,
to the general court on or before the second Wednesday in January, nineteen
hundred and eighteen. In carrying out the provisions of this resolve they may
expend a sum not exceeding five thousand dollars, one third to be levied and
assessed as a part of maintenance upon the cities and towns of the metropolitan
sewerage district, north system, one third upon the cities and towns of the met-
ropolitan sewerage district, south system, and one third upon the city of Boston
in the same manner as the state tax.

The Joint Board appointed under the provisions of the above resolve
met and organized with the choice of Dr. Henry P. Walcott as chair-
man and Mr. Edward Wright as secretary. It was voted that the
State Department of Health be requested to arrange such information

Map submitted but not printed,
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as may be in its possession relative to the pollution by sewage of
Boston Harbor, and to consider the question of an economical treat-
ment of the sewage. It was also arranged that an inspection of the
condition of the various sewer outlets in Boston Harbor should be
made by the Board during the summer. Messrs. X. H. Good-
nough and H. W. Clark, respectively chief engineer and chemist of
the State Department of Health, and Frederick D. Smith, chief engi-
neer of sewerage works of the Metropolitan Water and Sewerage
Board, were requested to make such investigations as were practicable
as to the condition of the harbor, the character of the sewage dis-
charged at the various outlets, the amount of merchantable products
contained in the sewage, and the practicability of recovery of such
products therefrom, together with a report as to the examinations of
the harbor waters in past years and the present conditions about the
various main and other sewer outlets. i

The Joint Board, having inspected the main sewer outlets in the
harbor, and considered carefully the results of the investigations pre-
sented in the report of the engineer and chemist appended hereto,
presents herewith its report.

REPORT

The three principal sewer outlets now discharging into Boston
Harbor are those of the north metropolitan sewerage district, with an
outlet near Deer Island light, the south metropolitan sewerage district,
with outlets 1 mile north of Nut Island, and the Boston main drainage
outlet discharging from the reservoirs at Moon Island. A very material
change has been made in the outlet of the north metropolitan sewer-
age system since the resolve was passed. This outlet, which formerly
discharged at the level of low water very close to Deer Island light,
has been extended to deep water, and the sewage is now discharged
at fourteen different outlets from a conduit extending for a distance of
126 feet along the bottom of the sea in depths of 32 to 53 feet of
water at low tide, the outlets being located in a line at right angles
to the strong tidal current which passes this point. The new outlet
was first operated in November, 1917, and the former outlet discon-
tinued. Owing to the lateness of the season it has been impracticable
to make a satisfactory examination of this new outlet, but such infor-
mation as is thus far available indicates that the change has produced
a very great improvement.

The results of the investigations of the State Department of Health
as to the conditions obtaining in the neighborhood of the outlet of
the south metropolitan sewerage system, made from time to time
since this outlet was first used, show7 that the great quantity of sewage
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discharged there is diffused effectively in the water, less than 5 per
cent, of it appearing upon the surface of the sea immediately over
the outlet, and there appears to be no tendency toward the creation
of objectionable conditions in the neighborhood of this outlet at the
present time. When inspected by the Joint Board during a calm day
in the summer of 1917, under conditions least favorable for the rapid
diffusion of the sewage, the discharge of sewage was not noticeable
beyond a distance of 600 to 700 feet from the outlet, and the area
affected was very small.

The sewage of the Boston main drainage district when received at
the Calf Pasture pumping station is first pumped to settling tanks
and passes thence through the tunnel under Dorchester Bay to the
reservoirs at Moon Island, where it is stored during the period of the
incoming tide and discharged only in the second and third hours of
the outgoing tide. In consequence of its slow passage through the
tanks and reservoirs the sewage becomes much decomposed and putre-
fied, and its odor is more offensive than that of fresh sewage. The
discharge at this outlet extends over a large area covering on calm
days in summer 600 to 700 acres of the harbor surface, while the thin
film of oily sleek extends to greater distances. These conditions have
been a cause of complaint to those sailing in this part of the harbor
when the water is affected by the sewage.

Investigations made during the past year failed to show that sewage
or suspended matter from this outlet is carried to the shores of Quincy
Bay, excepting possibly very light matters like grease balls, which are
known to be carried many miles.

Aside from the main sewer outlets there are many other sources of
pollution of Boston Harbor, as shown by the investigations of the
State Department of Health during the past year. Most important
among these sources of pollution are the overflows from the sewer
systems in the cities adjacent to the harbor, especially in Boston,
Cambridge and Chelsea, from which large quantities of mingled sewage
and storm water are discharged at times of rain or when snow is
melting rapidly. The total number of such outlets discharging directly
into the harbor is somewhat over one hundred at the present time.
At most of these outlets sewage overflows in every considerable storm,
and there is also considerable leakage from many of them at all times,
causing offensive odors.

The pollution of the harbor caused in this way is undoubtedly con-
siderable, since these overflows often operate for many hours at a
time. Separation of the systems of sewage and storm water already
begun in parts of the district tributary to the harbor will, if continued,
eventually remove this source of pollution.
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Besides the pollution caused by sewer overflows the harbor receives
considerable pollution from other sources. Much sewage from wharves,
factories and buildings along the harbor front is discharged directly
into the water, while in the portion of the harbor south of the Ne-
ponset River investigations during the past year show that there were
from 40 to 50 notable sources of pollution of the harbor waters ranging
from private drains serving a single house to sewers which serve a
considerable population, especially in the neighborhood of Nantasket.
The harbor is also directly polluted by the sewage from the institutions
on the islands which have no other means of sewage disposal, and
these pollutions also include foul wash water from industrial works.
The discharge from vessels is also at times a notable pollution of the
harbor, and much pollution is also caused by refuse dumps, from
which much floating matter is derived.

Certain of the tributaries of the harbor, notably the Neponset
River, are also considerably polluted, and this pollution undoubtedly
affects the harbor waters.

In the matter of the recovery of merchantable products from the
sewage, the Board has been unable to find that any process has yet
been worked out on a practical scale which gives reasonable promise
that the valuable materials in the sewage can be recovered at such
a cost as would furnish a reasonable return on the necessary outlay.
Every attempt at such recovery, and there have been many, has failed
to produce satisfactory results, and the investigations of the State
Department of Health during the past year, while showing that con-
siderable fatty matter and other valuable substances can be recovered
from the sewage, are not extensive enough to show that the process is
likely' to be economical. The only practicable plan of determining
this question would be to construct experimental works upon a suffi-
ciently large scale to determine the probable cost of such works, and
especially the cost of their maintenance and operation, and to ascer-
tain the quantity and value of merchantable products economically
recoverable therefrom over a considerable period.

Investigations thus far made show that 75 per cent, of the valuable
products in the Moon Island sewage are contained in the sludge which
separates therefrom after ordinary sedimentation, indicating that pre-
liminary treatment of the sewage by sedimentation and subsequent
treatment of the sludge may give more economical results in the re-
covery of matters from the sewage than the treatment of the entire
volume of the sewage, which would involve greater works and probably
a larger outlay for maintenance and operation. If such should prove
to be the case, as is probable, the improvement that could be effected
by this treatment in the character of the sewage discharged at Moon
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Island would not be likely to have a material effect in reducing ob-
jectionable conditions in the neighborhood of that outlet. In fact,
even if the entire quantity of sewage were treated by methods which
have been suggested, the sewage, though sterilized by the acid, would
contain much organic matter and might still be objectionable at the
present point of discharge. Furthermore, the danger of objectionable
odors arising from works of this character and causing a nuisance in
the neighborhood requires most careful consideration.

In the present circumstances the need for improvement of conditions
about Moon Island is not such, in the opinion of the Board, as to
warrant the expenditure of the funds needed for such an experiment,,
and, in the opinion of the Board, the further study of this problem
can be safely postponed to a more favorable time.

It is a satisfaction to your Board to know that the long series of in-
vestigations of the State Department of Health on recovering valuable
products from sewage is probably more extensive than any that have
hitherto been made this side of the Atlantic, and your Board believes
that valuable knowledge will eventually come out of these experiments
and similar ones which the State Department of Health is equipped
to undertake.

No part of the appropriation under which this investigation was
made has been expended.

Chairman, Metropolitan Water and Sewerage Board.

a. j. McLaughlin,
Commissioner of Health, Slate Department of Health.

HENRY P. WALCOTT, Chairman,

EDWARD F. MURPHY,
Commissioner of Public Works of the City of Boston.
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Boston, Jan. 9, 1918.

To Dr. Henry P. Walcott, Chairman, Metropolitan Water and Sewerage Board;
Dr. A. J. McLaughlin, Commissioner of Health, State Department ofHealth;
Mr. Edward F. Murphy, Commissioner ofPublic Works of the City ofBoston.

Gentlemen:-—In accordance with your directions we have investi-
gated the matter of the pollution of Boston Harbor and the question
of removing from the sewage merchantable products contained therein,
and present the following report.

Boston Harbor, inside of a line drawn from the southernmost point
of Deer Island to Windmill Point at Pemberton, covers an area at
high tide of about 43 square miles, exclusive of the islands and of the
tidal estuaries of the Charles, Mystic and Neponset rivers.

The area draining to the harbor comprises chiefly the watersheds of
the rivers mentioned but includes also the Monatiquot River in
Braintree, the Weymouth rivers, and the Weir River in Hingham,
comprising in all an aggregate drainage area of 565 square miles.

Within this watershed there are 51 cities and towns having an aggre-
gate population by the census of 1915 of 1,542,620. Of these, 24,
having a population of 1,415,273, are connected with the metropolitan
sewerage system.

Sewerage Systems,

The sewage from the bulk of this great population is disposed of
untreated into Boston Harbor at three main outlets, viz., at Deer
Island, the outlet of the north metropolitan sewerage district, at Ped-
docks Island, the outlet of the south metropolitan sewerage district,
and at Moon Island, the outlet of the main drainage district of the
city of Boston. The population of these districts in 1915 was as
follows:

North metropolitan sewerage district, 608,615 1

South metropolitan sewerage district, 438,580*
1,047,195

Main drainage district of Boston, 381,322

1,428,517Total

POLLUTION OF BOSTON HARBOR.

REPORT

1 Including Reading, which is within the district but not yet connected.
* Including Wellesley, which is withinthe district but not yet connected.
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These three main sewerage districts differ considerably in character
and in the design and method of operation of their tributary systems.
The sewers of the older cities and towns in these districts, viz., those
of Boston, Cambridge, Somerville, Chelsea and Brookline, were de-
signed to remove both sewage and storm water, and the sewers origi-
nally discharged directly into the harbor or its tributary rivers and
estuaries at convenient points.

As the sewerage systems were extended these outlets caused serious
nuisances, and it was for the purpose of securing relief from these
conditions, and to prevent the creation of additional nuisances, that
the Boston main drainage works, and subsequently the metropolitan
systems, were constructed.

The Boston main drainage works were completed and first operated
in January, 1884. The district tributary to these works was extended
by the completion of the Charles River sewer in 1892, bringing in the
sewage of Waltham, Watertown, Brookline and the Brighton district
of the city of Boston, which was for several years thereafter discharged
through the main drainage system. In 1897 the main sewer of the
Neponset River valley, which receives the sewage of the towns of Ded-
ham, Milton, and the Hyde Park district of the city of Boston, was
also connected with the main drainage works. In consequence of
these extensions the works became greatly overtaxed, and were relieved
by the construction of the high-level sewer in the south metropolitan
district in 1904. By means of the latter system all of the sewage of
the Charles River valley, including the Back Bay district of the city
of Boston, together with the sewage of the Neponset valley above
Mattapan and the sewage of the higher lands in Roxbury, West Rox-
bury and Dorchester, was diverted from the main drainage works to
the new high-level system.

The Boston main drainage works at the present time receive the
sewage from the older portion of the city of Boston, from South Boston,
and from a large part of Roxbury, together with the sewage of the lower
portions of the districts of Dorchester and West Roxbury. The main
drainage district comprises all of the business section of the city of
Boston, and the entire area is densely populated. It includes many
manufacturing establishments, but the manufacturing waste discharged
into the sewers is not of kinds which affect materially the character
of the sewage. In the years since the high-level system was completed
two notable changes have been made which may eventually modify
somewhat the character of the sewage discharged from the main
drainage system. One of these changes is the beginning of the sepa-
ration of sewage from storm water in that part of the city lying within
the watershed of the Charles River above the Charles River dam,
between Boston and Cambridge, and the other is the introduction of
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works for pumping mingled sewage and storm water from low areas in
the southern part of the city to the original outlets of the sewers of
those districts in the upper part of the harbor. The effect of these
changes should eventually be to relieve the main drainage system of
a considerable portion of the storm water which it now receives.

The north metropolitan sewerage system was completed in 1894.
The district is made up chiefly of the cities and towns in the Mystic
valley and includes in its lower end Cambridge, Somerville, Chelsea,
Revere and Winthrop and the Charlestown and East Boston districts
of the city of Boston. In the lower part of the district, especially in
Cambridge, Chelsea, Charlestown and East Boston, the sewers were
constructed long before the metropolitan system was introduced, and
the sewers in these areas are constructed upon the combined plan
and are provided with overflows into adjacent waters, as is the case
in the city of Boston. In the upper portions of the district, where
sewers W'ere constructed subsequent to the introduction of the metro-
politan works, all of the sewerage systems are built upon the separate
plan, and storm water and ground drainage, so far as practicable, are
excluded. The main sewer of this district extends from Woburn at
its upper end along the northerly side of the Mystic River and through
Chelsea, East Boston and Winthrop to an outlet into the sea off the
southeasterly extremity of Deer Island. The sewage of the main
sewer is raised by pumping at two points along its course, and the
sewage of tw'o of the main tributary systems is pumped into the main
sewer. Many factories are located in this district, and it includes the
great packing houses in Cambridge and Somerville, which discharge
into the sewers large quantities of waste containing fatty matters,
while in the northern part of the district great quantities of tannery
waste are discharged into the sewers from the tanneries in the valley
of the Aberjona River. Considerable manufacturing waste is also
discharged into the sewers in other parts of this district.

The south metropolitan sewerage district works were completed and
first operated in 1904. The main sewer of this district, known as the
high-level sewer, extends from the neighborhood of Parker Hill m
Roxbury, through Jamaica Plain and the valley of Stony Brook, to
the neighborhood of Mattapan and thence across the town of Milton
and city of Quincy through Hough’s Neck to Nut Island, whence the
sewage is discharged at two main outlets, one being 1 mile north of
Nut Island and the other being 1,500 feet easterly therefrom and
nearer Peddocks Island. Recently a third outlet has been built which
is located nearer Nut Island and is used only for the discharge of
surplus flow's at times of storm. The sewage of the Charles River
valley and of the Back Bay district of the city of Boston is pumped
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into the high-level sewer at its upper end, and it is designed ultimately
to receive also the sewage of the higher levels in Newton, Brookline
and the districts of Brighton, Roxbury, Dorchester and West Roxbury
in the city of Boston. The sewage of the Neponset valley sewer is
intercepted near Mattapan, and the sewage of the lower part of this
valley will ultimately be pumped into the main sewer in this neighbor-
hood. The sewage of the city of Quincy is discharged into the high-
level sewer as it passes through that city partly by pumping, and it
is expected that this system will eventually form the outlet of sewers
of towns bordering the southerly side of Boston Harbor, viz., Brain-
tree, Weymouth and Hingham. The district contains a few factories,
including the Brighton Abattoir and a rendering works, and receives
the waste from a few factories in the Neponset valley. For the most
part, however, it forms the outlet for a suburban district which is
largely residential.

Quantity of Sewage discharged into Boston Harbor at the
Sewer Outlets of the Three Main Sewerage Systems, viz.,
the Boston Main Drainage System, the North Metropoli-
tan District and the South Metropolitan District.

The following table shows the quantity of sewage discharged from
each of the main sewerage systems having outlets into Boston Harbor
as published in the reports of the commissioners having charge of
those districts:

[Gallons per day.]

North Metropolitan South Metropolitan Boston Main Drain-
System. I System. age System.

Year. i
Average. Maximum. Average. | Maximum. Average. Maximum.

1905, .... 54,400,000 126,600,000 I 25,000,000 78,000,000 - 1 -i

1906 58,100,000 124.300,000 33.600.000 97,000,000 80,241,000 -i

1907 64,300,000 146,100,000 40,600,000 137,000,000 87,661,000 -i

1908, .... 59,800,000 109,900,000 37,800.000 107,000,000 83,377,000
1909 60,600.000 139,500,000 40,400,000 135.500,000 96,373,000 150.812,000

1910 59,000,000 135,100,000 39,600.000 141,000,000 87,123,000 143,197,000
1911, . . . . 52,800,000 103.000,000 42,000,000 137,500,000 90,630,000 132,533.000

>1912 55,700.000 151,800,000 48,200,000 135.000,000 91,129,000 150,000,000

1913, .... 56,600,000 148,700,000 53,020,000 152,000,000 95,948,000 177,575,000

1914, .... 58,700,000 149,700,000 52,600,000 165,000,000 101,140,000 199,384,000
1915, .... 60,392,000 151,600,000 52,300,000 155,000,000 101,185,000 191,857,000

1916, .... 66,300,000 157,300,000 62,000,000 178,000,000 92,832,000 177,497,000

1 Not given.
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From the foregoing table it appears that the quantity of sewage
discharged at these main outlets varies considerably from year to year.
These differences are due to variations in the amount and distribution
of the rainfall, to the pumping capacity employed at the various
pumping stations, and probably to other circumstances. In conse-
quence of these conditions, the variations in the quantity of sewage
may not indicate equal variations in the actual quantity of pollution
discharged into the harbor, because, on account of the admission of
storm water to the sewers and its variable flow, the degree of pollution
undoubtedly varies greatly at different times. So far as the table
shows, however, there has been an increase in the quantity of sewage
discharged into the harbor in the last ten years of about 29,000,000
gallons per day, or about 15 per cent.

Conditions about the Main Sewer Outlets.
The sewage from the main drainage system is received first at the

pumping station at Calf Pasture, where it is raised to deposit sewers,
and flows thence through the tunnel under Dorchester- Bay to storage
reservoirs at Moon Island which have an aggregate capacity of
50,000,000 gallons. From these reservoirs it is discharged ordinarily
in the second and third hours of the outgoing tide.

It has not been practicable, for various reasons, to make a further
detailed study of the condition of the harbor waters during the present
year, but the conditions about the Moon Island outlet have changed
but little for many years, and the following report of the conditions
about Moon Island and the effect of the sewage on the harbor waters,
taken from the first annual report of the State Department of Health,
1915, is probably representative of the conditions that have existed
for several years.

... In consequence of its slow passage through the intercepting sewers and
the deposit sewers at Calf Pasture and its storage in the reservoirs at Moon
Island previous to discharge, the sewage becomes considerably decomposed and
putrefied when it reaches the outlet and has a more offensive odor than that of
fresh sewage.

The sewer outlet at Moon Island is located at the northerly corner of the
island, and the sewage is discharged at the level of the water. The sewage passes
out of the harbor chiefly between Long and Rainsford islands and after each
discharge becomes thoroughly mingled with the water of the sea and does not
return on the incoming tide.

Numerous chemical analyses have been made from time to time of the sewage

discharged at this outlet and of the waters of the harbor in the region through
which the sewage flows, the results of which show that the sewage, while be-
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coming diluted quite rapidly, has a tendency to float away from the outlet upon
the surface of the water in a shallow layer, which on the whole, however, not-
withstanding the great quantity of sewage discharged,' amounting to about
25,000,000 gallons per hour, mingles quickly with the water and is usually dis-
persed within an hour after the discharge has ceased.

The following table shows the results of analyses of samples of the sewage and
of the sea water within about 1,000 feet of the outlet before and during a dis-
charge in August, 1915:

Parts in 100,000.

albuminoid ammonia. I Bacteria
per C übic

Free Ohio- Cen-
Ammo- Total .®°" Sus- rine. timeter.

nia. ‘ lution. pension.

Moon Island wharf before discharge, .0175 .0175 .0130 .0045 1,620

Sewage flowing from Moon Island 2.4700 .9590 .3490 .6100 272 -

reservoirs.
600 feet off gate house, surface, .

. .5600 .3760 .0680 .3080 1,260 100,800

600 feet off gate house, 20 feet belowr .0450 .0490 .0275 .0215 1,590 28,000

At farther limit of sewage field, 1,000 .2130 .1350 .0590 .0760 1,570 144,000
feet from outlet.

The foregoing samples are probably fairly representative of the conditions at
this outlet. As the sewage field moves away from the outlet it passes chiefly
around the southerly end of Long Island and continues toward the sea in a
northeasterly direction, chiefly between Long and Rainsford islands. On calm
days the sewage greatly discolors the water for a distance of from half a mile
to a mile from the outlet and remains for a time upon the surface of the sea,
which is covered with a greasy film. This film is very thin and usually extends
well beyond the area otherwise affected by the sewage. The area covered by
the sewage or in which sewage is recognizable varies greatly with the condition
of the sea. On very calm days the area affected is extensive, covering 600 to
700 acres of the harbor surface between Moon, Long and Rainsford islands.
Under ordinary conditions, however, the area visibly affected by the sewage i:

■mailer, and when a considerable wind is blowing the area in which the sewage
is noticeable is much less than in calm weather

Under ordinary conditions the sewage mingles rapidly with the water and
quickly ceases to be recognizable after the discharge has ceased. Analyses of
the water of the harbor through which this sewage is discharged twice daily
show that its effect rapidly disappears and that the sewage does not return on

the incoming tide. Analyses of the water from various stations in different parts
of the area over which this sewage flows twice daily are given in the following
table
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Examination of Water in the Portion of Boston Harbor through which the Moon
Island Sewage flows to Sea.

[Examinations made in the summer of 1913.]

Bacteria per
CubicMinutes Distance albuminoid ~
Cubic

after from FREB *MMONIA - ammonia. chloeine. Centimeter.
High (Outlet

Water '
(Feet)

' Surface. £» Surface. £* Surface, £» Surface.

134 400 1.1200 .0315 .4500 .0275 1,120 1,750 1,100,000 5,000

93 1 f .0700 - .0240 - 1,713 - -

2,600
262 J [ .0195 - .0195 - 1,755

137 1 f .4560 - .1080 - 1,460
!■ 4,200

306 J I .0155 - .0145 - 1,760 - -

349 5,800 .0245 .0210 .0160 .0175 1,770 1,770 120 240

109 8,200 .0305 - .0145 - 1,755

336 ' 11,600 .0200 .0213 .0145 .0155 1,775 1,760 400 390
119 15,300 .0260 - .0125 - 1,745 - -

322 18,500 .0240 .0240 .0165 .0160 1,770 1,765 1,800 400
293 25,900 .0190 - .0140 - 1,770 - 700

From this table it will be seen that at . . . 400 feet from the outlet the sur-
face of the sea was covered with sewage practically in an undiluted condition.
At ... a distance of 4,200 feet from the outlet, two hours after the sewage
was discharged, that is, at about the end of the discharge, the quantity of sewage
in the water, as indicated by the albuminoid ammonia, was 24 per cent., and
as indicated by the free ammonia, about 41 per cent., of the amount found at
.

. . 400 feet from the outlet. At ... a distance of 8,200 feet from the outlet
the organic matter present in the sea water, as shown by the free and albuminoid
ammonia, is no greater than the average of the harbor waters in the inner parts
of the harbor.

Parts in 100,000.

During the period when the sea is covered with sewage from this outlet the
odor is objectionable when sailing through the sewage field, and this condition
prevails for a period of two to three hours on each tide. During the summer
season temporary deposits of sludge from the sewage take place along the wall
adjacent to the sewer outlet, but these deposits are carried away by the winter
storms. There is no evidence that matters from the sewage tend to accumulate
upon the bottom of the harbor or the adjacent shores in this region, except the
temporary deposits already referred to, caused by the eddying of the sewage
against the long wall at the easterly end of Moon Island.

So far as can be judged from numerous careful examinations, the conditions
about this outlet have shown no noticeable change since the works were first
established thirty-two years ago. The pollution of a considerable area of the sea
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to such an extent as to be offensive to sight and smell, as happens in the neigh-
borhood of this outlet at the time the sewage is discharged, especially on calm
days, is objectionable, and no doubt the objections to this condition will increase
with the rapidly increasing use of the harbor as a place of recreation in the
summer season and the undoubtedly increasing attention that is paid by the
public to objectionable conditions caused by offensive odors.

Before the outlet was constructed careful observations of the tidal currents
were made by means of floats and the probable course taken by the sewage
ascertained as carefully as practicable. The actual results have shown the
accuracy of the conclusions drawn from the preliminary tests. The outlet repre-
sents the first important works constructed in Massachusetts to dispose of large
quantities of sewage by dilution in the water of the sea.

The sewer outlet of the north metropolitan sewerage district at
Deer Island was located originally near Deer Island Beacon on the
northerly side of the entrance to Boston Harbor, where the sewage
was discharged at all stages of the tide at about the low-water level.
As the quantity of sewage discharged at this point increased it was
noticeable at times to vessels passing into and out of the harbor, and
became especially objectionable to the keepers of the light. In view
of these conditions the outlet has been changed and a new outlet was
completed and first used in November, 1917. By the new outlet the
sewage is discharged through fourteen openings in a conduit at the
'bottom of the sea, extending at right angles to the tidal current, these
outlets being from 32 to 53 feet below the level of low tide.

The sewage of the south metropolitan sewerage system is received
at a terminal chamber at Nut Island, whence it is discharged ordi-
narily through two principal outfall sewers, one terminating 1 mile
north of Nut Island and the other 1,500 feet easterly therefrom. The
depth of water over the westerly outlet at low tide is 27 feet and
over the easterly outlet 30 feet.

There is a third outlet discharging at a point 1,400 feet north of
Nut Island, which is used at present only at times of very high flow
in the sewers during heavy storms.

The outlet of the south metropolitan system was carefully examined
in 1915, and the results of the examination were reported in the first
annual report of the State Department of Health of that year. It
has been impracticable to make a further examination of this outlet
during the past year, but, as there has been very little change in the
system since the examination of 1915, the results reported in the
annual report of -the State Department of Health for that year will
serve to show the general conditions existing about this outlet.
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. . . The results of the discharge of sewage at these outlets show the great
advantages in the dilution of the sewage obtained where the discharge takes
place at a considerable depth as compared with discharge near the surface of the
sea. In order to determine the degree of dilution of the sewage that takes place
before it reaches the surface and the condition of the sea water immediately
over the outlets, samples of water were taken very carefully immediately over
the outlet in use at different times in the past year. In the first test, made on
Aug. 25, 1915, samples were collected from a tug when passing immediately
over the outlet. The results of the analyses show that the quantity of free and
albuminoid ammonia present in the water at this time amounted to about 5 per
cent, of that found in the sewage, while the maximum number of bacteria was
less than 2 per cent, of the number pres'ent in the sewage. It was found, more-
over, at this time that the effect of the sewage upon the sea water near the
outlet diminished with very great rapidity as the distance from the outlet in-
creased, and later on additional samples were taken with the aid of rowboats
immediately over the outlet itself.

The results of these tests with analyses of the sewage flowing from the sewer
at this time, together with samples taken at different depths, are shown in the
following table:

Table showing Analyses of the Sewage and of the Water immediately over the Nut
Island Sewer Outlet, Oct. 14, 1915.

Parts in 100,000.

u i albuminoid Bacterial
Hour, pree iI per Cubic

Ammo- In So. I„ Sus- Chlorine. [ ti^ma. Total. lution- p ension.
!I

Sewage, ....
8,30 1.7600 .4500 .1400 .3100 53.6 610,000

Surface over outlet, 9.13 .1440 , 0590 . 0280 .0310 1,560.0 316,800

Surface over outlet, 9.33 .1950 . 0725 . 0305
'

.0420 1,620.0 290,400
Surface over outlet. 9,53 . 2400 . 0770 . 0385 . 0385 1,540.0 277,200

Surface over outlet, , 10.13 .1220 I .0550 . 0235 . 0315 1,570.0 38,200
10 feet below surface, . 10.20 . 0750 . 0340 -

- 1,650.0 25,080
20 feet below surface, . 10.25 . 0480 . 0175 - - 1,690.0

In the above tests the maximum amount of albuminoid ammonia found in
any of the samples collected immediately above the outlet was 14 per cent, of
the ammonia present in the sewage, while the average quantity of free ammonia
obtained in the surface samples was 10 per cent, of the amount found in the
sewage. The maximum amount of free ammonia found in any sample was 1/
per cent, of that of the sewage, and the average amount 14 per cent.

Samples were collected at the same time in the line in which sewage was
flowing from the outlet and at various distances therefrom. The average results
of the analyses of several samples at each station are shown in the following
tables:
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r

Samples of Harbor Water collected in Path taken by the Sewagefrom the Nut Island
Outlet.

T T
Parts in 100,000.Hours !

after Miles Feet ; Tntnl Bacteria
station. Release from from j Free Albu- per Cubic

of Outlet. Outlet. I Ammo- minoid C.hlo~ ,Cen-
rloats. I nja Am- rme. timeter,

| monia.
Screen house (sewage), . - 1.7600 .4500 63.5 610,000
A (at outlet).

...
- -

- .1753 0659 1|572 5 2 30,650
B 950 0:04 200 .0555 ,0210 1,670.0 26,080
C’ 100 005 260 .0242 .0165 1,710,0 525
D 150 027 1.400 .0330 .0177 1,765.0 46,220

292 0.47 2,500 ,0165 .0145 1,720.0 850
' ' - ’ • 287 0.66 3,500 .0130 .0140 1,730.0 180

Samples of Harbor Water collected from Points outside Path of Sewage from the
Nut Island Outlet.

F ’ 270 082 4.300 . 0100 . 0175 1,740.0 700
• 295 043 2,300 .0170 .0115 1,720.0 4,800

t 3.12 0.23 1,200 , 0120 . 0095 1,740.0 130
J- 3.28 0.28 1,500 .0115 .0130 1,750.0 400

1 Station numbers refer to accompanying map, submitted herewith but not printed.

It will be noted that in the sample collected at Station D, 1,400 feet from the
outlet, the amount of free ammonia represents less than 2 per cent., and the
amount of albuminoid ammonia 4 per cent, of the quantity present in the
sewage.

The remaining samples collected at greater distances show the presence of very
much smaller quantities of organic matter, and numerous examinations alongthe path which this sewage takes, determinedwith the aid of floats and at various
times, fail to show a quantity of free ammonia exceeding 0.0170 parts in 100,000
or an amount of albuminoid ammonia exceeding 0,0175 parts in 100,000.' Acomparison of the analyses of harbor waters in the immediate neighborhood ofthis outlet and along the course followed by the sewage with waters in other
parts of the harbor shows that, except within a distance of about 1,400 feet from
the outlet, the quantity of free and a
greater at the surface of the harbor and
is found in the harbor waters at points

buminoid ammonia in the water is no
at points 20 feet below the surface than
far removed from sewer outlets.

\
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Samples of Harbor Waters collected at Points remote from Sewer Outlets.
[Parts in 100,000.]

Free Ammonia. Albuminoid Ammonia.

Twenty Twenty
Surface. Feet below Surface. Feet below

Surface. Surface.

Hingham Bay, .0159 .0169 .0137 .0141
In the outer channels of harbor along a line run- .0178 .0132 .0160 * .0160

ning approximately northwest from Point
Allerton.

Off Outer Brewster Island, .0065 .0115 .0120 .0165
Ocean off East Point, Nahant, .... .0060 - .0135

The total number of bacteria found in the sample of sea water collected off
Nahant was 300 per cubic centimeter. Samples taken from the sea several miles
beyond Outer Brewster Island on the incoming tide indicate that the quantity
of free ammonia in the water of the sea many miles from the coast is 0.0025
of a part in 100,000 and the bacteria 25 per cubic centimeter.

Comparisons of the foregoing tests show very clearly that the waters of the
harbor generally are higher in bacteria and in organic matter, as shown by the
free and albuminoid ammonia, than the waters of the sea, a condition whiJh is
inevitable in view of the large quantity of waste matter that must find its way
into the waters near the coast, not only from sewer outlets but from the sewage
and waste from vessels, and especially from rivers and other waters flowing into
the sea from populous areas such as those which surround Boston Harbor. The
examination of the sea beyond a distance of 1,400 feet from the Nut Island
outlet at the time the recent test was made failed to show any sewage matter or
other effect objectionable to the senses. Furthermore, the analyses of the water
in the region beyond this limit, when compared with waters along the beaches
used by large numbers of bathers in the summer season, indicate that, so far as
pollution goes or any visible effect of the sewage, the condition of the harbor
water was better beyond a distance of 1,400 feet from this sewer outlet than
the waters used by large numbers of bathers at the beach resorts near the city.

A comparison of the results of analyses of the waters from different bathing
beaches with the analyses of waters about the Nut Island sewer outlet at the
time of the test in October last is shown in the following table:
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Table showing Comparison of Analyses of Sea Water off the Nut Island Outlet
with Sea Water at Popular Beaches.

Nut Island Outlet.

Distance from Outlet.
Free Ammonia Bacteria (per Cubic

(Parts in 100,000). Centimeter).
Miles. Feet.

0.47 2,500 .0165 850
0.66 3,500 .0130 180

Samples collected at the Surface of the Sea at Various Points in Front of Bathhouse at Nahant
Beach

B. Coli,
Free Bacteria

Analysis Ammonia (per Cubic
Number. (Parts in Cen- 0.1 Cubic 1.0 Cubic 10.0 Cubic 100 Cubic

100,000). timeter). Cen- Cen- Cen- Cen-
timeter. timeter. timeters. timeters.

0500 200 0 0
0200 101 0 0

124963 +8 -rs

124964 0 0

0
0
0

0
0
0

,0100 100
.0720 432

124965 0
+

+

+8

124966

500.0145124967

Samples from Surf alonq Revere Beach , July 18, 1915.

124968 .0520 1,200 +s +s + +

124969 .0590 3,700 0 +s + +s
124970 .0550 2,100 0 + + +

124971 .0570 2,400 0 -f +s +

124972 .0490 1,500 +s +s + +

124973 .0380 2,200 0 + + +

124974 .0280 5,600 0 + +s +

124975 . 0115 7,900 0 + +, +

1 Samples collected on July 18, 1915, with large numbers of bathers along the beach.
2 + signifies presence of B. coli; s signifies presence of sewage streptococcus.

The samples generally were collected about 100 feet from shore, but sample
124975 was collected 600 feet from shore and beyond the line of bathers, these
samples being taken at about high tide.

The appearance and the general condition of the water at these bathing
beaches were not objectionable at the time these samples were collected, though
a marine growth ( Cladophora) was present in a considerable quantity in the
water along the Nahant Beach. The results show clearly that the waters at
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the surface of the harbor are not affected in the neighborhood of the sewer out-
lets at Nut Island by the ordinary quantity of sewage discharged there in such
a way as to bo noticeable or even detectable by chemical analysis beyond a limit
of less than half a mile in the region immediately about the outlet itself. These
examinations were made when the rate of discharge was approximately 1,380,000
gallons per hour and when the depth of water over the outlet was about
30 feet. .

. .

Claim having been made that sewage from the sewer outlets in the
harbor, especially from the outlet of the south metropolitan sewerage
district, was carried at times to the Quincy shore and caused its serious
pollution, a careful examination of this shore was made during the
summer and autumn of 1917. The shore is used extensively for bath-
ing, and two buildings used as yacht clubs located on this shore dis-
charge their sewage into the water beneath them. Having been noti-
fied on October 24 by officials connected with the public works depart-
ment of the city of Boston that a severe storm then occurring was a
favorable time in which to note the condition of Quincy Beach and
the water adjacent thereto, inasmuch as the deposits which occur
yearly in the neighborhood of Moon Island in the summer season
were then being washed into suspension in the water, an examination
was made of the water at Quincy Beach and of the beach at the
height of the storm. The wind at this time blew from the northeast
at a maximum velocity of 48 miles per hour.

The results of this inspection showed a large quantity of suspended
matter present in the water along Quincy Beach, and numbers of
grease balls were found at the northerly end of the beach in the
neighborhood of Atlantic. The number diminished rapidly, however,
and none were found along the southeasterly end of the beach.

At the time this inspection was made samples of water were col-
lected for analysis on the incoming tide at the northwest and south-
east ends of Quincy Beach and at the Wollaston Yacht Club. While
the results of the analyses showed the presence of a large amount of
suspended matter in the waters off Quincy Beach, the bacterial analy-
ses showed that the number of bacteria in the water at this time was
extremely small, and no coli were found in quantities smaller than 10
cubic centimeters. It is probable that the suspended matter and
objectionable appearance of the water along this beach are due very

largely to inorganic matter stirred up from the bottom and to marine
growths, since it is evident that under the most extreme conditions
even the sewage from Moon Island, the nearest outlet to Quincy
Beach, is not carried to that shore in sufficient quantity to be notice-
able by analysis.
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Other Sources of Pollution.
Aside from the sewage discharged from the main sewer outlets already

described, there are numerous other sources of pollution of the harbor
which have a notable effect upon the condition of its waters. The most
important of these pollutions are undoubtedly those which are caused
by the overflow and discharge of sewage and storm water at numerous
outlets about the harbor at times of rain or when snow is melting
rapidly. The total number of these outlets discharging into the
harbor at the present time is somewhat over one hundred, and this
number does not include numerous overflow outlets into tributary
bays and estuaries in Boston and Cambridge. The amount of pol-
lution caused in this way is undoubtedly considerable, since these
overflows often operate for many hours at a time. Furthermore, there
is considerable leakage from such outlets in addition to the regular
overflow.

Next in importance to the pollution caused by sewer overflows is
probably that which is caused by the direct discharge of sewage from
wharves, factories, and buildings along the harbor front. The amount
of this discharge is undoubtedly considerable, but there is no means
of estimating if, especially in the region along the water front of
Boston, Cambridge, Chelsea, etc., without a very carefvd study. In
the portion of the harbor south of the Neponset River where sewers
are not available, a careful investigation in 1917 showed that there
were from 40 to 50 notable sources of pollution of the harbor in this
region, ranging from private drains serving a single house to sewers
draining a large population, especially in the neighborhood of Nan-
tasket. Considerable pollution also is derived from the institutions on
the islands in the harbor, which have no other means of disposal of
sewage but by discharging it directly into the sea. Among these pol-
lutions are those from Spectacle Island, where a considerable quantity
of waste water used in the various processes in the garbage reduction
and other works on i this island is discharged into adjacent waters.
The discharge of sewage from vessels is at times a notable pollution
of the harbor, since all wastes of whatsoever kind from vessels are
disposed of by throwing them overboard. Considerable pollution is
also caused by refuse dumps, of which fifteen have been inspected
recently along the shores of tributaries to the harbor, from which the
water is considerably polluted and from which much floating matter
is doubtless derived. It is also to be noted that some of the tributaries
of the harbor, notably the Neponset River, are themselves consider-
ably polluted, and such pollution undoubtedly affects the harbor waters.
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Condition of the Waters of Boston Harbor.
The best available information relative to the condition of the

waters of Boston Harbor is that which is furnished by the comparison
of the analyses of a large number of samples of water taken at stations
in all parts of the harbor in the years 1905 and 1913. In these exam-
inations samples of water were collected at about sixty stations located
in all parts of the harbor, and analyses were made to determine the
amount of organic matter present as shown by the free ammonia.

The results show that the quantity of ammonia present in the water
in 1913 was greater than in 1905, indicating a gradually increasing
pollution of the waters of the harbor in that period. The analyses
show that this increase was general and applied to all parts of the
harbor as far out as the Outer Brewster Island.

While this increase has not been great, it nevertheless shows that
the growing population about the shores of the harbor is having an
increased effect upon the quality of the w T ater. It is practicable also,
from these determinations, to ascertain the comparative degree of pol-
lution of different sections of the harbor, and this is shown by the
following table :

Free Ammonia in the Water in Different Parts of Boston Harbor.

Numbers of
Stations

Free Ammonia,

at which
Samples

FLOOD TIDE.EBB TIDELocality

1905. 1913. 1906. 1813.

.0341 .0433 . 0253 .0405

.0205 .0304 .0174 .0267

.0195 .0228 .0164 .0197

.0126 .0220 .0089 .0157

.0123 .0151 .0111 .0136

.0073 .0177 ,0076 .0156

.0108 .0178 .0061 .0099

were
collected

9-15 Inner Harbor,

6-8 Middle Harbor,
20-30 Dorchester Bay,

1-3, 18, 19 North side, main ship channel,
32-38, 43, 44 Quincy Bay, .

46-60 Hingham Bay,

39-42 Outer Harbor,

Station numbers refer to accompanying map, submitted herewith but not printed.

It will be seen from this table that the most seriously polluted
section of Boston Harbor is the inner harbor, inside approximately of
a line drawn from Commonwealth Pier to the easterly extremity of
East Boston, and the next in order comes the middle harbor, between
the line just described and a line drawn from Castle Island to Gov-
ernor’s Island. Dorchester Bay and the territory north of the main
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ship channel show less pollution than the middle ■ harbor and much
less than the inner harbor, and the least pollution is shown in
Hingham Bay.

Character of the Sewage discharged into Boston Harbor and
the Quantity or Fatty Matters, Nitrogen, etc., present.

With regard to the removal of merchantable products from the
sewage discharged at the three principal outlets into Boston Harbor,
we have collected results of the investigations in other places and
have made investigations and experiments to determine the quantity
of fatty matters, potash and nitrogen, both in this sewage and in other
wastes containing these substances.

Normal domestic sewage of average strength contains, speaking
broadly, a considerable amount of fatty matter and nitrogen and a
small amount of potash. The recovery of these materials by a method
which would be commercially successful has long been desired and
actively and persistently sought by expert chemists and engineers in
England, France and Germany, and to some extent in this country.
Up to the present time, however, no process has been found that
would adequately and satisfactorily solve this problem unless during
the present war, workers in Germany along these lines, in their efforts
to save and supply grease to the country, have perfected such a
process. Of this we have no knowledge, however.

Studies of the literature on the subject, and correspondence during
the past year with prominent English engineers and chemists having
charge of large municipal works for the disposal of sewage much
richer in valuable constituents than that emptied into Boston Harbor,
have shown that at only a few places in England is any attempt
made to recover grease from domestic sewage, and at none is it as
yet an assured commercial success. At Bradford, Leeds, Hudders-
field, Oldham, Norwich and other places in England plants are oper-
ated for the recovery of grease and sludge-cake from the municipal
sewage, but at most or all of these cities this sewage contains wastes
from wool-scouring establishments. The practical results of each are
probably fairly summarized in a statement from the Leeds authorities,
as follows:

Progress already made in this direction shows that in time it will be possible
by artificial processes to get rid of all sludge without causing any nuisance, and
make sufficient by the sale of by-products at least to pay the full cost of
disposal.



SEWAGE INVESTIGATION. [Jan.24

In Germany, before the war, the various plants erected for this
purpose had one after the other been pronounced failures and aband-
oned. Moreover, when we consider the extreme reluctance of woolen
manufacturers, wool-scourers, etc., up to the present time of scarcity
of grease and potash, to erect plants for the recovery of these matters
undoubtedly present in large amounts in waste wool-scouring liquor,
the commercial failure of plants for their recovery from domestic sew-
age is not to be wondered at.

For many years the State Department of Health has made studies of
wool-scouring waste in Massachusetts and of its valuable constituents,
and has also made studies in regard to the fatty matters, nitrogen,
etc., in domestic sewage, and in regard to the recovery of these matters
from each liquor. Observations in regard to wool scouring wastes,
especially during the past ten years, have been made at many of the
plants in the State where wool is scoured, but the most complete
studies by the Department have been made at Lawrence. At Lawrence
approximately from 75,000,000 to 100,000,000 pounds of wool are
scoured in a normal year’s operation of the mills.

In 1910, 1911 and 1912 the State Department of Health made, by
direction of the Legislature, extensive studies of the sanitary condition
of the Merrimack River, and this study included many measurements
of the volume of waste wool liquor produced at Lawrence and entering
this river, and a large amount of analytical work to determine the
character of these wastes, especially as to the amounts of grease,
potash and nitrogen present. The results of these studies were given
in a report (House, No. 2050) made in 1913, entitled “Report of the
State Board of Health upon the Sanitary Condition of the Merrimack
River.”

A table from this report is given on the following page, and shows
the volume per day of waste wool-scouring liquor, etc., entering the
Merrimack River at Lawrence, and the amount of fats, nitrogen and
potash (in pounds) present in this liquor.
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Amount of Fats, Nitrogen and Potash in Wool-scouring Waste discharged into
Merrimack River at Lawrence in 1910.

onWaste Fats Nitrogen Potash
Mill. Bowl. /p n (Pounds (Pounds (Pounds

per Day). per Day)* Per Day)- P er Day)-

Lower Pacific, . . First and second, . . 24,845 5,471 196 1,633
All bowls, . . . . 72,015 5,797 223 1,751

Washington, . . First and second, . . 44,675 5,705 658 3,498
All bowls 130,591 5,941* 567 1 3,570 1

Geo. E. Kunhardt, . First and second, . 1,566 189 11 45
All bowls, .... 22,569 251 2 16 2 50*

E. Frank Lewis, .
. First and second, . . 51,888 7,158 618 3,485

All bowls, .... 58,909 7,406 633 3,555

Ayer, .... First and second, . . 32,108 4,494 366 2,502
All bowls, .... 35.877 4,528 368 2,510

Wood, .... First and second, . . 55,651 5,863 487 3.179
All bowls, .... 119,364 6,430 526 3,313

Total, . . . First and second, . . 210,733 28,880 2,236 14,342
All bowls, .... 439,325 30,353 2,333 14,749

1 Does not include 56,000 gallons per day of waste, which is the discharge from the fourth bowl.
2 Does not include 10,500 gallons per day of waste, which is the discharge from the fourth bowl.

The table shows that in 1910, for example, the average volume of
output from the first and second bowls of the wool-scouring machines
at all of the wool-scouring plants of the city amounted to 211,000
gallons a day and that this volume of liquor contained on an average
29,000 pounds of fatty matters, 14,000 pounds of potash and 2,200
pounds of nitrogen; that is, each gallon of liquor contained .14 pound
of fats, .07 pound of potash and .01 pound of nitrogen. Notwith-
standing the large amount of valuable materials found in this liquor,
however, the Department was not able at that time to persuade the
manufacturing concerns of the city to erect a suitable plant or plants
for the recovery of these matters. ‘

At the present time, as there is only a small available supply of
potash and grease in the country on account of the war, and because
of the greatly enhanced price of each, two companies from outside
the city are taking the richest wastes from nearly al! the mill plants
in Lawrence, and we are informed are making some profit. Plants for
the recovery of grease from wool waste are also in successful operation
at three or four other places in Massachusetts.

One of the companies at Lawrence recovers both fatty matters and
potash, while the plants of the other company are constructed to
recover fatty matters only, these fatty matters being worked up into
lanolin, etc. These various recovery plants treat approximately
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2,000,000 gallons of the richest wastes each month, or about 80,000
gallons a day, taking, however, only the wastes from the first bowl
of each wool-scouring plant. It might be said here that in the scouring
of wool the wool moves in one direction through a set of bowls con-
taining the cleansing liquors, and the liquor in the other direction, so
that the first bowl in which the wool is first immersed contains always
the strongest liquor; that is, the liquor containing the most fats,
potash, nitrogen, etc. ,

During the year, on account of the resolve calling for this investi-
gation and report, much work was carried on to ascertain the amount
of fatty matters, nitrogen, etc., in the sewage entering Boston Harbor
from the sewer outlets at Deer Island, Moon Island and Peddock’s
Island. A large number of samples were collected on different dates
from these outlets for examination and experiment. These examina-
tions and experiments were for the purpose of determining the total
average volume of sludge and fatty matters settling out from the sew-
age in a few hours under normal conditions, and also the volume of
sludge and fatty matters settling out when the sewage from each out-
let was acidified by means of SO2 gas. Eleven lots of sewage from
the Peddock’s Island and Deer Island outlet sewers, and nine lots
from the Calf Pasture pumping station, were collected and sent to
the laboratory for analytical and experimental work. The samples
from each outlet were collected in three portions, each representing
one-third of a day’s flow, from midnight to 8 A.M., from 8 a.m. to
4 p.m., and from 4 p.m. to midnight.

A following table gives the average analysis of all samples of sewage
from each outlet, together with analyse's of the supernatant liquor after
a period of sedimentation and of the supernatant liquor after treat-
ment with SO2 followed by sedimentation.

A second table gives the results of the experiments and determina-
tions in regard to the fatty matters, nitrogen, etc., present after plain
sedimentation and after treatment with SO2 followed by sedimentation.
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Average

Free

1.40

1.22

1.33

2.33

2.11

2.09

1.80

1.91

1.78

Oxygen
Limed,

.31

1.54

io.

8.73

6

4.12

2.58

1917, to Sept.Analysis of Sewage entering Boston Harbor from July 17,
27, 1917.

Peddock’s Island.
Raw Sewage.

[Parts in 100,000.]

Ammonia,
Kjeldahl Nitrogen

ALBUMINOID, Chlorine.
Total. In Solution. Total. In Solution.

,33 18 36 13.4,68

Supernatant Sewage after Sedimentation

16 .3511

Supernatant Sewage after Acidification and Sedimentat

17 11 35

Deer Island
Raw Sewage.

,82 ,48 1.68 ,89 301.0

Supernatant Sewage after Sedimentation.

.56 ,39 1.07 73

Supernatant Sewage after Acidification and Sedimentation.

52 39 1.00 75

Calf Pasture.
Raw Sewage.

0.9720 325.4,45 41

Supernatant Sewage after Sedimentation.

14 0.4923 33

Supernatant Sewage after Acidification and Sedimentation.

0.491624
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Average Amount of Sludge and Fats obtained from Sewage entering Boston Harbor
after approximately Eighteen Hours’ Sedimentation, with and without Treat-
ment with SOi.

Peddock’s Deer Calf
Island. Island. Pasture.

Pounds of SO2 used per million gallons of sewage, . . . 818 1,513 1,189
Pounds of dry sludge obtained per million gallons of sewage ‘ 959 1,939 1,427

(acidified).
Pounds of dry sludge obtained per million gallons of sewage 762 . 1,709 1,208(unacidified).
Pounds of fats obtained per million gallons (acidified), . . 226 541 342
Pounds of fats obtained per million gallons (unacidified), . 183 373 269
Increase in pounds of sludge obtained due to SO2, . . . 197 230 219
Increase in pounds of fats obtained due to SO2, ... 43 168 73
Per cent, of nitrogen in sludge (acidified),

.... 3.38 3.45 2.83
Per cent, of nitrogen in sludge (unacidified),

.... 3.10 3.56 3.18
Per cent, of fats in sludge (acidified), 27.30 19.40 26.30
Per cent, of fats in sludge (unacidified), 26.30 24.60 24.30

A study of the second table shows that the amount of fatty matters
found varied from an average of 226 pounds per million gallons in the
sewage from Peddock’s Island outlet to 342 pounds in the sewage from
the Calf Pasture pumping station and 541 pounds in the strongest
sewage, namely, that from the north metropolitan system entering the
harbor near Deer Island light; and the nitrogen present was found to
be 27, 34 and 52 pounds, respectively, in these three sewages. These
were the amounts of these materials found when the sewage was
acidified with S02 in amounts equal to 818, 1,189 and 1,513 pounds per
million gallons, respectively, for the three sewages mentioned. This
amount of acid was in excess of the amounts actually required for the
reactions desired.

The results summarized here are those obtained from over 250
chemical analyses and of much experimental work during a period of
three months. As shown by this work, assuming that our results were
average results, as seems to be true, the strongest sewage entering
Boston Harbor contains not over 550 pounds of recoverable fatty
matters and 52 pounds of nitrogen in each 1,000,000 gallons of sewage.
Potash results are not given in the table, as many examinations have
shown that it is present in only negligible quantities and cannot be
recovered.

Comparing these figures with the figures given in the table of Law-
rence wool-scouring waste, and reckoning the valuable constituents in



1918.] HOUSE — No. 1215. 29

pounds per gallon, it will be seen that the wool liquor at Lawrence
contains .14 pound of fatty matter per gallon, .07 pound of potash
and .01 pound of nitrogen, while the strongest sewage entering Bos-
ton Harbor contains .0006 pound of fatty matter per gallon, a very
small amount of organic nitrogen, and practically no potash, or, in
other words, each million gallons of wool liquor from the Lawrence
mills contains 140,000 pounds of fatty matter, 70,000 pounds of potash,
and 10,000 pounds of nitrogen as compared with 550 pounds of fatty
matter, a negligible amount of potash, and 52 pounds of organic nitro-
gen per million gallons in the strongest sewage entering Boston Harbor.

In the work of the sewer division of the city of Boston, carried on at
different times between June 20, 1911, and June 29, 1914, the con-
clusion was reached that with the use of S0 2, 1,909 pounds of dry
sludge were recoverable from each million gallons of sewage received
at the Calf Pasture pumping station and that this sludge from each
million gallons would contain approximately 436 pounds of grease.
Shorter experiments with this sewage made by us show the dry sludge
obtainable to be 1,427 pounds per million gallons, and the fats obtain-
able with the use of S0 2, 342 pounds per million gallons.

So far in this report, however, whenever comparisons have been
made between waste wool-scouring liquor and the sewage entering
Boston Harbor, the strong sewage entering at Deer Island has been
used for illustration, this sewage having given in our experiments 1,939
pounds of sludge per million gallons when acidified with S02, and 541
pounds of fatty matters, or a sludge equal in volume to that found
by the sewer division of Boston in the sewage coming to the Calf
Pasture pumping station, and richer in fats.

We are familiar with the report of Robert Spurr Weston, C.E., and
the discussion of E. S. Dorr, C.E., on the economy of the Miles acid
process of sewage treatment for the recovery of valuable materials
from the sewage, and shall not undertake to enter into a criticism of
the figures given by them in regard to the cost of erecting and oper-
ating a plant for carrying on the different processes necessary to
recover sludge and fats from Boston sewage, other than to say that
these figures are based on estimates and not upon any actual data
from construction of plants for the treatment of domestic sewage in
this way, or the cost of operation of such plants. By their figures
a profit is shown from the recovery and sale of sludge and grease from
the Calf Pasture sewage.

Taking everything into consideration, however, that is, the com-
mercial failure of practically all plants abroad when constructed and
operated for the purpose of recovering valuable materials from domes-
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tic sewage, and the great reluctance with which manufacturers enter
into the business of recovering such materials from rich wool-scouring
liquor containing probably at the least estimate four hundred times as
much of value per gallon as domestic sewage, we do not feel justified
in recommending at the present time the expenditure of money by the
city of Boston or the metropolitan sewerage district for works of the
nature that have been proposed. Extended experiments and investi-
gations on a large and practical scale would first be necessary for the
accumulation of any reliable data in regard to outlay in construction,
cost of operation and income to be obtained from such works.

There is another side to the question, however, which has been urged
by the experts already mentioned in this report, and that is the
greatly improved character of the effluent from this process when
compared with the sewage before treatment, and they urge that on
this account alone the process is worthy of consideration, as the pol-
lution of the harbor from organic matters would be materially reduced.
They also urge as one of the reasons for this treatment the fact that
the acid sterilizes the sewage or at least reduces to a very great extent
the bacteria present. In regard to these two factors the following
can be said; A table presented previously in this report gives analy-
tical data in regard to the sewage from each outlet before and after
sedimentation alone, and before and after treatment with acid fol-
lowed by sedimentation. This table shows that while the organic
matter in the sewage, as indicated by the usual determinations of
albuminoid ammonia, etc., can be reduced from 30 to 40 per cent,

by this acid treatment, it is reduced to almost the same extent by sedi-
mentation without the use of acid. The table showing the volume
of dry sludge produced by sedimentation, and by acidification fol-
lowed by sedimentation, shows also that 75 per cent, as much sludge
and fatty matters can be obtained by sedimentation as by acidifica-
tion and sedimentation. The question naturally arises, then, is it worth
while to spend approximately $6 for SO2 for each ton of sludge
produced, if this increases the amount of sludge and grease only
25 per cent. Acidification of the concentrated sludge at a much
smaller cost could be carried on in order to “crack” the grease for
recovery.

There remains the question of bacterial improvement, and this the
process undoubtedly accomplishes as the following table, giving the
average results of fifty bacterial determinations, illustrates:
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Bacteria per Cubic Centimeter.
TWENTY-FOUR HOURS

37° C,Four Days,
20° C.

Total. Red.

Peddock’s Island, raw sewage, 1,860,000 415,000 298,000
Peddock’s Island, sewage after acidification,
Deer Island, raw sewage, .

994 91

2,360,000 1,150,000 600,000
Deer Island, sewage after acidification.
Calf Pasture, raw sewage,

147 85 15
1,890,000 980,000

277 149

730,000

Calf Pasture, sewage after acidification, 39

Respectfully submitted,

Director and Chief Engineer, State Department of Health.

Director and Chemist, State Department of Health.

Average Bacterial Analyses of Sewage before and after Acidification.

X. H. GOODNOUGH,

H. W. CLARK,




