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REPORT OF THE STATE BOARD OF HEALTH
PON

THE

SANITARY CONDITION OF THE SUDBURY
AND CONCORD RIVERS.

To the General Court of Massachusetts

In accordance with chapter 65 of the Resolves of the General
Court of 1900, the State Board of Health presents the following
report upon the sanitary condition of the beds, shores and waters
of the Sudbury and Concord rivers and of the meadows adjacent
thereto, and upon a plan for the removal of dangers to the public
health found to exist therein.
After personal examination of the territory and a public hearing
to all persons interested, the Board organized for a careful study
of the existing conditions, and, finding a source of serious pollution,
caused experiments to be made in order to determine the most
practicable way to dispose of this pollution, that it might no longer
endanger the public health.
The general conditions of these rivers and of their branches are
fully set forth in the report of Mr. Goodnough, chief engineer of
the Board, appended hereto; and Mr. Clark, the chemist of the
Board, reports upon how the waste liquors from the Saxonville
Mills may be treated to prevent the pollution of the Sudbury River
from this source.

From these studies we find one section of the
Sudbury River, extending from the Saxonville Mills to Farm bridge
in Wayland, a length of 6 miles, contains polluting matter from
manufacturing wastes and from sewage to such an extent as to be
in the upper portion of this section, offensive to the senses, and
in the opinion of this Board, detrimental to the health, of those
living near the river.
As the lower end of this section is reached, the evidence of the
pollution becomes less, probably due to sedimentation and dilution ;
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and neither personal observation, chemical analysis nor inquiries
of those who boat upon the river during the boating season has
given evidence that such pollution as could affect the health of
those living near the river exists below Canal bridge in Way land.
The latter condition was also found to exist in the Concord
River, which is the name of the stream after it receives the water
of the Assabet River. Some parts of the Assabet River have been
found to be objectionably polluted but when this water reaches
and mingles with that of the Sudbury River, we find the mixture
unobjectionable to the senses and containing by chemical analysis
much less polluting matter than the water in any river which we
have found reason to regard as detrimental to the health of those
living in the valley.
If the amount of pollution of the Assabet River were allowed in
the future to continue increasing, it might become sufficient to be
detrimental to those living in the Concord River valley; but it
should first be limited by reason of the injury to those in its own
valley.

The portion of the Sudbury and Concord rivers in the 29 miles
above Billerica dam which is now in condition to menace the
public health is limited to that portion above Canal bridge in Wayland, and this pollution is due principally to the manufacturing
wastes at Saxonville.
It has been suggested by some of the citizens of Wayland that
the offensive condition of the river above Farm bridge may be
obviated by lowering the Billerica dam and the Ford way bar, and
thus make the river at Wayland a running stream instead of a
stagnant pond; but this suggestion is based upon a misconception
of the actual conditions in the river at present and those that would
exist if the proposed change were made. There is now at certain
stages of the river in summer a fall in the surface of 2 feet in the
26 miles from the polluted section to the Billerica dam, and the
velocity of the water in the stream through Wayland and Sudbury
at such time is hardly perceptible, but amounts to about one-third
of a foot in a second. If the Billerica dam were removed to the
level of the water on its down-stream side, and the Fordway bar
were excavated to the same level, the effect at Wayland would be
to lower the water there to some extent; but its effect upon the
velocity of the stream could not be estimated to increase the velocity there beyond twice its present velocity, and, while it would
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then be perceptible, the water would have a speed of less than
one-quarter of the speed with which a man ordinarily walks. This
effect of increasing the speed of flow could have no appreciable
influence in removing the deleterious effect of the pollutions added
to the stream 6 miles above the village of Wayland, but might
produce the result of extending their influence farther down the
stream.

i

The only practicable means of removing the deleterious effect
of the impurities now added to the stream is, in the opinion of
this Board, to exclude them from the stream, and the best way
to do this has been the subject of extended study. The results
of these studies are presented in the appended reports of the chemist and the chief engineer of the Board; and it is the judgment
of the Board that the mill wastes should be collected in settling
tanks at the mills, and the liquid pumped to the Framingham
sewage-disposal area and mixed with the domestic sewage of the
town, that the combined liquid may be purified by filtration.
The fats which rise to the surface in the settling tanks and the
sediment which settles to the bottom should be removed when
necessary, and be disposed of by the mill authorities in such a
way that they cannot enter the river. When the village of Saxonville has sewers, the sewage should be conveyed to the same
pumping station and be pumped with the liquid from the settling
tanks to the filtering area of the town.
The meadows along the Concord and Sudbury rivers are but
little above the level of the water in the stream, large areas being
less than a foot above the ordinary summer flow of the water,
and considerable areas are even with the water, and others are
continually covered with water throughout the season, except
during a very dry summer. The se conditions are such as to suggest a probable source for the di: tribution of malaria, if this disease were found to exist or to be increasing in the vicinity. Hr.
Theodore Chamberlin of Concert •d and Dr. Frank L. Morse, medical inspector of the Board, were requested to collect data and_ give
the results of their studies upon this subject. Their reports are
appended.
From the data collected it appears that until within about twenty
years only a single case of malaria is now known to have existed
in the vicinity of the Sudbury and Concord meadows; and in th
year 1885, when it first appeared in the town of Framingham and
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prevailed to the extent of 196 cases reported between the months
of June and October, we learn of no cases adjoining these meadows
in the valley below Framingham.
There appears, then, to be no cause in the condition of the
meadows previous to this time to generate malaria. It had been
introduced near the upper end of the meadows on three different
years, with the aggregate number of 8 cases; but in the year
1885, with the epidemic in the adjoining town in the same valley,
no cases are reported in the portion of the valley containing the
meadows. But few cases are reported near the meadows until
1890, since which time there are reported 191 cases near the meadows on both sides of the river in the first 10 miles of its length
below Saxonville, in a population of about 500; and in the same
period of eleven years 8 cases are reported bordering the meadows,
in the next 6 miles of the river’s length, in a population of 185.
Farther down the river few cases are recorded previous to 1895,
and not many until 1898, since which time it has prevailed at
Concord and at Billerica; but in both oases the evidence tends
to show that it was introduced into these towns by the laborers
engaged in digging up the streets when constructing the water
works and sewerage systems, and its spread about these towns
was associated with these works. Upon the completion of the
works in Billerica the number of cases rapidly diminished; while
in Concord the effect of the work continued through last year, and
we must wait through another season to learn whether it also
diminishes here. There is yet no evidence that the prevalence
of malaria is intimately associated with the meadows except in the
upper reaches, where we find the water of the river polluted to
such an extent that we should regard it a menace to the health
of those living near the river.
We consequently advise the exclusion of this pollution from
the river in the manner indicated.
It is well known that malaria when introduced to a district
is communicated from person to person by a kind of mosquito,
and that these mosquitoes grow in pools of stagnant water, and
that a very small pool may be the home of a very large number
of mosquitoes. Where such pools do not exist, malaria does not
spread. In the case before us, 4,000 acres of meadows lie, during
the summer, within about a foot of the water in the river and in
some places being under the water, and these meadows spread out
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for half a mile from the river or from a stream entering the river.
The water of the river can, by a large expenditure of money, be
lowered so that by proper drainage the area of the meadows may,
during the growing season, be uncovered and be cultivated; but
the material of which these meadows are composed will hold a
large quantity of water and allow a very small quantity to percolate through it, so that, if the river were lowered sufficiently to
enable the meadows to be cultivated, we are not confident that
summer showers would not cause pools to be formed in depressions
upon the surface or in the long ditches, in which water would stand
long enough to breed the mosquito that communicates malaria from
person to person. With this doubt of the efficacy of such a remedy, and with no evidence that, where the water of the river is
sensibly unpolluted, the prevalence of malaria is associated with
the meadows and with evidence that malaria does occur in regions
adjacent to the parts of the meadows which are subject to the
overflow of a polluted stream, we advise that measures be taken
immediately to remove this pollution, and leave the efficacy of a
lowering of the river’s bed an open question for future study, after
this upper section of the river has been purified.
(Signed)

HENRY P. WALCOTT,
FRANK W. DRAPER,
JAS. W. HULL,
CHAS. H. PORTER,
JULIAN A. MEAD,
GERARD C. TOBET
HIRAM F. MILLS,
State Board of Health .

Boston, May 9, 190
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SANITARY CONDITION OF THE CONCORD
AND SUDBURY RIVERS.

Office

of

State Board of Health, State House,
Boston, April 25, 1901.

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

Sir :
At the session of the Legislature of 1900 the following
resolve was passed, being chapter 65 of the Resolves of 1900:
Resolved That the state board of health is hereby directed to investigate
and report upon the sanitary condition of the beds, shores and waters of
the Sudbury and Concord rivers, and of the meadows adjacent thereto, in
the towns of Sudbury, Wayland, Concord, Bedford, Carlisle, Billerica,
and in any other town bordering upon the said rivers or either of them.
The board shall ascertain whether any danger to the public health exists in
said rivers or meadows by reason of stagnant water or of refuse from factories, or from other causes ; and if they find that such danger exists they
shall report to the next general court some plan for its removal. In carrying out the provisions of this resolve the board may expend a sum not
exceeding three thousand dollars.
,

General Conditions.
The main stream of the Sudbury River rises in the neighborhood of the village of West borough, and flows in an easterly
direction to the neighborhood of Ashland. At this point it turns
toward the north-east and flows in a generally north-easterly
direction to Concord, where it is joined by the Assabet River,
and the united streams form the Concord River. The latter
stream continues in a direction a little east of north to the Merrimack River, into which it discharges within the limits of the city
of Lowell.
A large portion of the water-shed of the Sudbury River is used
by the metropolitan water district as a source of water supply
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for the city of Boston and the neighboring cities and town
Lake Cochituate, in the south-eastern portion of the Sudbury
water-shed, was the source from which the city of Boston first
took its water supply, and subsequently the supply was enlarged
by the use of water from the Sudbury River. The areas of watersheds of the Sudbury, Assabet and Concord rivers at various points
are given in the following table

Drainage Areas.
Sudbury River, above Dam No. 1, metropolitan water works,
Lake Cochituate, above outlet,

Total water-shed used by

Square
.

city of Boston and metropolitan district,.

.

Mllei
75.'
75.2

g
.

Sudbury River, at Saxonville (exclusive of portion used by the metropolitan district),
Sudbury River, just below mouth of Bannister Brook (exclusive of the
portion used by the metropolitan district),
Sudbury River, just below mouth of Wash Brook (exclusive of the
portion used by the metropolitan district)
Sudbury River, at mouth (exclusive of the portion used by metropolitan
district)

94.1

g_g

12.6

45.9
69.9

Sudbury River at mouth, total,
Assabet River, drainage area which may be diverted for water supply
of metropolitan district,
.
.
Assabet River, just below brook which joins river in Hudson,
Assabet River at lower bridge in Maynard,
Assabet River at mouth,
Concord River, at North Billerica dam (exclusive of Sudbury and
Assabet rivers)
.
Concord River, including Sudbury River at North Billerica dam, .
Concord River, including both Assabet and Sudbury rivers at North
Billerica dam,
Concord River, at mouth, total,

The

164.0
34.4
71.7
116.6
176.8
30.5
194.6
371.8
402.1

Sudbuey Riyee.

The Sudbury River was first used by the city of Boston in addition to Lake Cochituate in 1872, though it was not until 1875 that
this source was formally taken for the supply of the city.
The construction of reservoir
for storing the water of the
Sudbury Kiver for the supply of the city during the drier por
tion of the year was begun in 1876, and three reservoirs wert
completed and filled between December, 1878, and August, 1879
These reservoirs are now known as Framingham reservoirs Nos. 1
2 and 3. Reservoir No. 1, which is the farthest down stream, i
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formed by a dam across the Sudbury River about half a mile southwest of the village of Framingham Centre; Reservoir No. 2 is
formed by a dam on the Sudbury River a short distance above
No. 1; and Reservoir No. 3 is constructed on Stony Brook, the
principal tributary of the Sudbury River in this region, by a dam
also located just above the upper end of Reservoir No. 1. In 1886
the Ashland Reservoir, formerly known as No. 4, was constructed
on Cold Spring Brook, a tributary of the Sudbury River which
enters the stream just below the village of Ashland. The Hopkinton Reservoir, formerly known as No. 6, on Indian Brook in
Hopkinton, a tributary of the Sudbury River, was completed in
1894. Later the construction of a reservoir on Stony Brook above
Reservoir No. 3 was begun by the city of Boston, but before completion it was taken with the other sources of water supply of
the city of Boston by the metropolitan district, and was completed by the Metropolitan Water Board in 1898.
Soon after the water of Lake Cochituate was taken for the water
supply of Boston, two compensating reservoirs were built to maintain the flow of the river. One of these reservoirs, now known
as Whitehall Pond, is located near the upper end of the water-shed
of .the Sudbury River in Hopkinton, and the other, known as Fort
Meadow Reservoir, is located in Marlborough, within the watershed of the Assabet River.
The portion of the water-shed of the Sudbury River, including that of Lake Cochituate, which is used at present for the
supply of the metropolitan district, is, as a rule, very hilly, with
steep slopes, though there are considerable areas of swampy land
in the valleys. The stream has considerable fall in this section,
the approximate fall from Westborough to Dam No. 1 at Framingham being about 140 feet, according to the topographical map
of the State. There is a further considerable fall from this place
down to a short distance below the village of Saxonville.
A short distance below Saxonville the river enters the great
meadows, which are practically continuous throughout the remainder of its length to its confluence with the Assabet River in
Concord. In this portion of its course the river has only a very
slight fall, and the meadows are subject to overflow at times of
high flow in the stream. Below the portion of the water-shed of
the Sudbury River used by the city of Boston as a source of water
supply there are no large ponds or storage reservoirs on the main
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stream or any of its tributaries which would materially affect its
flow in the summer season.
The changes in the flow of the river incident to the use of
water
by the city of Boston have been considerable, and it is worth while
to note some of the more important. It appears, from such information as is furnished by the reports of the Boston Water
Board, that the compensating reservoirs in Hopkinton and Marlborough furnished from June to November rather more than twice
the quantity of water that would have been furnished by the
natural flow out of Lake Cochituate in the earlier years of the
operation of the Cochituate works. When, however, the Sudbury River was taken by the city of Boston, the act only provided
that the city should allow 1,500,000 gallons of water per day to
flow past the lowest point at which water was taken; and, as
more and more water was used from this source, the effect of the
Whitehall compensating reservoir gradually disappeared, and after
a few years the only water running in the river, sometimes for
periods of several months, below the point at which the water
was taken by the city of Boston, was the 1,500,000 gallons per
day which the city was obliged to let run according to the provisions of the act. Thus it seems probable that for the last twenty
years, in the drier portion of the year, the flow of the Sudbury
River below Framingham has been greatly reduced from what it
was in years previous to the taking of water by the city of
Boston.
In 1898 the Metropolitan Water Board, having taken the south
branch of the Nashua River as a source of water supply for the
metropolitan district, constructed an aqueduct from a point above
Clinton on that stream to the Sudbury Reservoir on Stony Brook;
and since that time the supply of the metropolitan district has
been drawn from the former Sudbury River and Lake Cochituate
sources of the city of Boston and from the Nashua River used
in connection with the Sudbury Reservoir. The capacity of all
these sources is not much more than sufficient for the supply of
the metropolitan district, and for several years in the future it
is probable that the flow of the Sudbury River will remain as
low as it has been within the past few years. After the completion of the great reservoir on the south branch of the Nashua
River, there will doubtless be a number of years during which
the water of that reservoir will be used very largelySfor the sup-
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ply of the city, and but little of the inferior water of the Sudbury Reservoir will be used. Under those conditions, the flow
of the Sudbury River is likely to be considerably larger than it
has been for

many years.

Population within the Watershed of the Sudbury River, and Sources
of Pollution.
The portion of the water-shed of the Sudbury River, including Lake Cochituate, used by the metropolitan district as a source
of water supply contains either the whole or thickly settled
portions of the city of Marlborough and the towns of Southborough, Westborough, Hopkinton, Ashland, Framingham and
Natick. Cochituate village, the main village in Wayland, is
also included in the water-shed, though the greater part of the
town of Wayland is in the portion of the water-shed of the Sudbury River below that which is used for the supply of the metropolitan district. A small but thickly settled portion of Sherborn,
adjacent to South Framingham, is also included in that part of
the Sudbury water-shed used by the metropolitan district. The
principal quantity of sewage from this section of Sherborn comes
from the Women’s Prison, which is connected with the system
of sewers of the town of Framingham. Very small areas in the
towns of Northborough, Upton and Holliston are also included
in this portion of the water-shed of the Sudbury River, but these
areas are sparsely populated.
The water-shed of the Sudbury River below the portion used
for the supply of the metropolitan district contains the whole or
large portions of Framingham, Sudbury, Wayland, Concord and
Lincoln, and small portions of Marlborough, Maynard, Natick
and Weston. The most important places in the present connection are the two large villages of Framingham Centre and Saxonville, in Framingham, which are located close to the river. The
other villages are very small.
The populations by censuses taken since 1876 of the various
towns of which the principal portions are included in the watershed of the Sudbury River are as follows:
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Population

TOWN,

1875.

1880.

1885.

1890.

1895.

1900.

Marlborough,

8,424

10,127

10,941

13,805

14,977

13,609

Southborough,

1,986

2,142

2,100

2,114

2,223

1,921

Westborough,

5,141

5,214

4,880

6,195

5,235

5,400

Hopkinton,

4,503

4,601

3,922

4,088

2,984

2,628

Ashland,

2,211

2,394

2,683

2,682

2,090

1,525

Framingham,

16'

,236

8,275

9,289

9,512

11,302

Natick,

419

479

8,460

9,118

8,814

9,488
1,150

Sudbury,

Way Iand,
Concord,
Lincoln,

Total

1,766

178

1,166

1,197

1,141

1,962

1,946

2,060

2,026

2,803

27

4,427

6,175

5,652

1,111

1,127

65,288

56,100

2

834
41,304

47 161

48,950

54,762

jiieii, Marlborough, HopkinOf the foregoin
Wes
ton, Framingham, Natick, Wayland, Lincoln and Concord are proided with public water supplies, and Marlborough, Westborough,
Framingham, Natick and Con
rd are provided with systems
sewerage.
,o\\T n of Westboroug'h is consewage
The
of
f
veyed into the valley of the A
t River, and purified upon land
head waters. The main village
in the valley of that river near
Concord is situated partly
hed of the Sudbury
Paver and partly in that of the Concord River; but the sewage
llae-e is all collected at on
nt, and pumped to a Ultra
tion area within the Concord water-shed. The sewage-disposal
areas of Framingham, Natick and Mar
re located within
Sudbury
River,
he water-shed of the
but outside of the portion
which water is drawn for the supply of the metropolitan
district. There is m
n as yet in Hopkinton or in
the village of Cochituate, both f which places are provided with
blio water supplies; but the inspection for the prevention of
the pollution of the waters in the Sudbury water-shed by the
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authority of the metropolitan district prevents any serious pollution within the limits of the territory used for the supply of that
district. The village of Framingham Centre, while containing
a considerable population, is somewhat scattered, and there is
no evidence that any considerable quantity of sewage which
would have a noticeable effect upon the stream is discharged into
the Sudbury River or any of its tributaries from this village.
The only place at which the Sudbury River is seriously polluted
by domestic or manufacturing sewage is at the village of Saxonville, where a considerable quantity of water polluted in the processes of scouring wool and washing cloth is discharged into the
stream, rendering it very foul for a long distance below the village.
In the drier portion of the year this pollution is noticeable to the
eye down to Farm bridge in Wayland, a distance of 6 miles below
the village, measured along the river.
The Assabet Eivee.

The Assabet River is not included in the resolve quoted above,
but, since it is the principal tributary of the Concord and Sudbury
rivers, it is necessary to consider its condition. The Assabet
River, like the Concord, rises in Westborough and flows in a
generally northerly direction to Northborough, thence in a northeasterly direction to its confluence with the Sudbury at Concord.
The stream has a regular and rapid fall throughout its length, and
there are no considerable areas of meadow land bordering the
stream, or, in fact, anywhere within its water-shed. There are
numerous storage reservoirs and mill ponds upon the stream and
its tributaries, and practically the whole fall of the main stream is
utilized for mill power, and there are important factories upon the
larger tributaries.
Sources

of Pollution

on the Watershed

of the Assabet River.

The Assabet water-shed contains the whole or thickly settled
parts of 8 towns, the population of which from censuses since 1870
has been as follows;
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Tope

TOWN,
1*

•889.

1885.

1890.

1895.

1999

Shrewsbury

1,524

1 500

1,450

1,449

1,624

1,626

Northborough,

1,398

1 676

1,853

1,952

1,940

2,164

884

897

1,003

797

770

Berlin,
Bolton,

Hudson,

977

987

....

....

987
3,4!
3,493

6

8,739

3,968

4,670

6,308

5,454

Slow

1,022

1,045

976

903

920

1,002

Maynard,

1,965

2,291

2,703

2,700

8,090

3,142

1,785

1,897
1,897

1,978

2,12
2,120

14,510

15,282

16.545

17,281

Acton,

Total

1,708
13,084

1,797
18,

The water-shed also contains large portions of Westborough,
Marlborough, Boxborough, Concord, Carlisle, Westford and Littleton, and insignificant portions of Grafton, Boylston, Clinton, Sudbury and Harvard. Of the towns included in this water-shed,
Northborough, Hudson and May nard are provided with public

water supplies; but no large area of this water-shed is used for
water supply purposes, the principal water supply sources located
within the water-shed being those of Northborough, Marlborough,
Hudson and Maynard. None of the towns within this valley have
systems of sewage disposal, but the sewage-disposal system of the
town of Westborough is located near the upper end of the watershed, and the effluent is discharge :1 into the Assabet River.
There are many more sources if pollution on the water-shed of
the Assabet River than within t he water-shed of the Sudbury.
The most important of these pollutions are at Northborough, Hudson, Stow, Maynard, Acton and Concord.
mes from the sewag
At Northborough the principal pollutic
of about 400 mill operatives, whi h is discharged directly into the
stream; and the spent dyes and about 5,000 gallons per day of
water used for washing cloth, which is discharged from the mill of
the ISTorthborough Woolen Company
At Hudson the sewage from 18 business blocks in the town,
including 3 hotels, together with a number of houses, is discharged
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directly into the river. The Hudson Worsted Company’s woolscoujing establishment discharges about 22,000 gallons per day of
wool-scouring waste, the result from the scouring of 2,000 to 6,000
pounds of wool. The tannery of Dunn, Green & Co. discharges
about 30,000 gallons per day of water which has been used in
washing hides. In this process, soap, lime water and hemlock tan
liquor are used. The sewage from about 700 employees in 3 large
shoe factories is also discharged directly into the stream.
At Gleasondale in the town of Stow, a short distance below
Hudson, is located the Gleason Woolen Mill, at which 2,500 pounds
of wool are scoured daily, with a shrinkage of 60 per cent. It is
said that much of the filth from the wool, beaten out while the
wool is dry, is saved and used for fertilizing purposes. An additional quantity of about 3,000 gallons per day of spent dyes and
cloth-washing liquors is discharged into the stream, together with
all the sewage from 85 employees.
At Maynard the chief sources of pollution are the American
Woolen Company’s mills, where 8,000 to 16,000 pounds of wool
are scoured per day. It is said that this scouring waste is passed
through a fine sieve to take out the solid matter before it enters
the river. The remainder of the waste, together with spent dyes,
cloth-washing waste and the sewage from 950 employees, is discharged into the stream.
South Acton; on Fort Pond Brook in South Acton are located
the morocco factory of B. M. Kimball & Co. and the shoddy mill
of the South Acton Woolen Company. At the morocco factory
the waste, which consists of sumach liquor, is discharged into an
excavation in the ground, 50 feet from the brook; and the sewage
from 60 operatives into a cesspool, also about 50 feet from the
brook. Whether these overflow into the stream, or not, could
not be determined at the time the examination was made. At
the shoddy mill a small amount of acid waste is discharged into
the stream. Below the village of South Acton is a small factory,
where the sewage of 30 operatives is discharged directly into the
brook.
Concord;

from the factory of the Concord Rubber Company
at Westdale 600 gallons per day of waste from rubber washing
tanks and the sewage from 165 operatives is discharged into the
river. At the Concord Reformatory about 110,000 gallons per
day of sewage is pumped onto an irrigation area near the build-
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ings, and in the winter, when the ground is frozen, much of this
apparently runs directly into the river.
It will be seen from the foregoing statement that the Assabet
River is highly polluted at several points, and complaint has been
made of its condition below Maynard in dry seasons.

The Concord .Rivet
The Concord River is formed by the union of the Sudbury and
Assabet rivers in the town of Concord, and flows in a direction
a little east of north to the Merrimack River at Lowell. Between
the confluence of the Sudbury and Assabet rivers and the dam at
North Billerica the Concord River is bordered for a considerable
portion of the way by extensive meadows, and throughout the
length of this portion of the river the stream has very little fall,
the only noticeable fall being at the shallow place in the river
known as the Ford way bar, about half a mile above the dam at
North Billerica. Below North Billerica, until it enters the city
of Lowell, the flow is also very sluggish, being controlled by a
dam near Lawrence Street in Lowell. There are several dams on
the stream through the city of Lowell, at which place the water
is utilized for power. The water-shed of the Concord River above
the dam at North Billerica contains a large population in Concord,
including about half the main village, and a small population in
Carlisle and Billerica. Concord and Billerica are provided with
public water supplies, and the town of Concord is provided with
a system of sewerage which was completed in 1900. The sewage
is purified upon land not far from the river. There are no noticeable pollutions of the stream throughout its length above the dam
at North Billerica. The population of the towns which are chiefly
or largely within the water-shed of the Concord River, since 1875,
has been as follows
:

I’OPUL

TOWN

1873.

Bedford,

....

Billerica,.
Carlisle,
Concord

.

.

.

....

I*Bo.

I*Bs.

1800.

1805.

1000.

900
1,881

931

930

1,092

1,169
1,

1,208

2,000

2,161

2,380

548
2,676

478

526

481

2,577
492

2,775
480

3,922

3,727

4,427

5,176

6,652
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Watees of the Sudbuet, Assabet
Concord RIVEES.

the

AND

In order to determine the condition of the waters of these rivers
samples of water have been collected at various points on the
rivers for analysis, the results of which are given in the tables
appended. Other analyses of samples of water from these rivers
or their principal tributaries made in previous years are also ap-

pended.
As already indicated, a large portion of the Sudbury River is
used for the water supply of the Metropolitan district, and the water
is protected from pollution by means of sewerage systems and a
thorough inspection to prevent pollution. Upon examining the results of the analyses of samples of water collected during the past
year, it is found that the water of the Sudbury River above the dam
at Saxonville on August 15 and 29, last, contained slightly more
chlorine than the waters of Framingham reservoirs Nos. 2 and 3,
which are the lowest of the reservoirs on the Sudbury River
from which samples have been collected, indicating that pollution
finds its way into the river between these reservoirs and the dam at
Saxonville; but the analyses of the samples collected above the dam
at Saxonville are not materially different in other respects from the
analyses of samples collected from the lower metropolitan storage
reservoirs on the Sudbury River, and it seems evident that whatever pollution enters the river between the lower reservoirs of the
metropolitan water supply and the Saxonville dam enters indirectly, after quite thorough purification, and does not affect the
sanitary condition of the stream. Samples collected (1) at the
Red bridge about half a mile below the dam at Saxonville, (2) at
the Danforth Street bridge about 1,000 feet below the Red bridge,
and (3) at a point 1,000 feet below the Danforth Street bridge,
on Aug. 15 and 29, 1900, and Feb. 27, 1901, all show a high
degree of pollution, and at the stone bridge, about two miles below
Saxonville, the evidences of gross pollution are still very marked.
The Saxonville Mills are being enlarged, and the river throughout
this portion of its length, already a serious nuisance, will become
much more foul. The samples collected from the river near the
outlet of Hurd’s Pond, on Aug. 29, 1900, about 4.1 miles below
the Saxonville dam, showed evidence of pollution, though the
quantity of free and albuminoid ammonia present was only about
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half that found at the stone bridge on the same date. At Farm
bridge, in Wayland, on this same date, August 29, the quantity of
free ammonia was considerably less than at the outlet of Hurd’s
Pond, but the albuminoid ammonia was somewhat greater.
At
times
the
of
free
ammonia
the
Farm
in
water at
quantity
other
bridge was found to be less than it was on August 29, and the
albuminoid ammonia greater than on that date. At Canal bridge,
1 1-2 miles below Farm bridge, the water shows further improvement, and from this point to the mouth of the river very little
change is shown in the character of the water by the results of
the analyses of samples collected at either of the three dates referred to; but there is a slight am! somewhat gradual diminution
in the quantity of chlorine prei lent in the river water, due to a
gradual dilution. Hear the m< >uth of the river in Concord the
free ammonia is higher than is found in unpolluted river water,
and the quantity of albuminoid ammonia is considerably greater
than above the dam at Saxonville, probably due to the vegetable
matter of the meadows. The evidences of pollution below Canal
bridge, as shown by the analy
were nearly removed, th
remaining being hardly distinguish able from what might be drawn
from the vegetable matter of the meadows.
The condition of the Assabet I liver was examined throughout
its length, but in the present com mrison it is unnecessary to consider its condition except at the ioint just above where it enters
n alyses of samples collected on
the Concord. The result
Aug. 15 and 29, 1900, and Fel
26 and 27, 1901, are available
for this comparison. The result show that the water of both
streams has about the same col >r. The water of the Assabet
quantity of organic matter, as
River contained a somewhat 1c
mt the free ammonia in the
indicated by the loss on ignition
watc
Assabet River was t wice as great as in that of the
monia in the Assabet considerably
Sudbury, and the albuminoid amm
The chlorine in the water of the
greater than in the Sudbury
Assabet River was greater than in that of the Sudbury, although
the normal chlorine is probably somewhat less, on account of the
The nitrates were
greater distance of the Assabet from the sea.
\

about the same in both stream
Samples of water from the ( 'on cord River were collected from
North or Flint bridge, in Con ;ord, and at the corner bridge at
Billerica about one mile above the North Billerica dam. The
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analyses show, in general, a considerable improvement in the
water as it passes down the Concord River, and its condition at
North Billerica is not very different from that of the least polluted
rivers of large size in Massachusetts flowing from similar watersheds.
The results of these investigations as a whole show that the
Sudbury River is in a badly polluted condition throughout several
miles of its length below Saxonville, and its condition is likely to
grow rapidly worse unless provision is made for the purification
or removal of the sewage discharged from the Saxonville mills.
If this should be done, the Sudbury River would be as nearly unpolluted a stream as it is practicable to maintain in this region;
and there is no reason to think that, if the sewage was kept out
of the river, there would be anything in the condition of the beds,
shores or waters of the Sudbury River that would be dangerous
or injurious to health.
The Assabet River, as already indicated, shows somewhat
greater evidence of pollution than the Sudbury River, at the point
where the two streams join; and a further study of the results
of analyses of samples of water from the Assabet River, which
are appended hereto, show that it is considerably polluted below
Northborough, and badly polluted during the summer season for
a distance of a mile below the village of Hudson and for more
than a mile below the village of Maynard.
Below this point it gradually improves, and, while some pollution enters at Westdale, and from South Acton through Fort Pond
Brook, the water of the Assabet River is considerably diluted by
clean rvater from its tributaries and the storage reservoirs thereon;
and, at the place where it joins the Sudbury to form the Concord,
the effect of the pollution is not noticeable either in the appearance
or odor of the water. The water of the Concord River at North
or Flint bridge about a mile below the junction of the Sudbury
and Assabet rivers is not found to be noticeably different from
the water of the Sudbury; and under present conditions there is
no evidence that the pollution to which the Assabet River is subjected in the upper and middle portions of its course has such an
effect upon the waters of the Concord River as would render them
injurious to health or objectionable to those going upon these
waters, or living in their neighborhood, at the present time.
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The only important pollution found upon the Sudbury and
Concord rivers at the present time is caused by the waste liquors
discharged from the mills at Saxonville; and a careful study of
possible methods of preventing this pollution has been made by
the engineering and chemical departments of the Board. The
village of Saxonville is not provided with a public water supplyj
nor has it as yet a system of sewerage. There are several drains
for surface water, into which sink wastes and similar sewage are
discharged from several stores and houses in the centre of the
village, and are thus conveyed into the river below the dam, but
the quantity of sewage discharged in this way is small. At the
Saxonville Mills about 50,000 pounds of wool are scoured per week,
which shrinks 46 per cent. The wastes from the wool scouring, together with the wastes from cloth washing and dyeing, are
discharged directly into the river, and it is these wastes which
cause the great pollution of the stream at the present time.
The waste liquors from the mills could probably be disposed of
to best advantage in connection with the sewage of the village of
Saxonville; and an examination has been made of methods by
which a sewerage system can be provided for the village, and
suitable provision made for the disposal of the sewage. The results of this examination show that the sewage of the village and
the waste liquors from the mills can be collected conveniently at
some point near the river in the lower part of the village; but
there does not appear to be any practicable way of conveying the
sewage to a suitable place of purification without pumping. Filter
beds might be constructed upon the lowest portions of the meadows
about a mile below the village, by taking suitable material from
the adjacent high lands; but the beds would be exposed to inundation by the river, which would render them inoperative for long
periods in each year.
By pumping the sewage, the higher lands near the edge of
the meadows could be used for the disposal of the sewage, and
filters could be constructed at a place about a mile below the
village, where an abundance of sand and gravel is found in the
higher lands, which would be excellent for the purification of
sewage.
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It may be several years before sewers are constructed in the
village of Saxonville, and, in the mean time, some provision must
be made for the purification of the waste liquors from the mills
and the prevention of the pollution of the river. Investigations
have accordingly been made upon the purification of these waste
liquors, which now amount to about 30,000 gallons per day.
The results of the investigations indicate that the best practicable
method of purifying these liquors will be to mix them with ordinary town sewage, and purify the mixture by well-known methods.
Any other method of dealing with these liquors will be difficult and costly. But if this method should be used, it will be
necessary, in order to secure satisfactory results, that the quantity of town sewage shall be several times as great as the quantity
of waste liquors from the mills, and the sewage of the village of
Saxonville alone would not be sufficient to properly dilute the
waste liquors.
The village of Saxonville is a part of the town of Framingham,
and the sewage-disposal works of the town are located about two
miles from the village. The area of land available for the purification of the Framingham sewage and now owned by the town
and used for that purpose is ample for the disposal of a much
greater quantity of sewage than now flows from the town, and
the quantity of sewage is several times as great as the quantity
of waste liquors from the Saxonville Mills. Under the circumstances, the best practicable method of disposing of the sewage
of the Saxonville Mills is to pump it to the Framingham filtration
area, and mix it with the sewage disposed of there. The investigations indicate, moreover, that, when a sewerage system shall
become necessary in Saxonville, the sewage can be disposed of
somewhat more cheaply and satisfactorily upon the present disposal area of the town of Framingham than in any other way.
Plan

foe

Preventing

the

Pollution

of the

Sudbury

Rives

at

Saxonville.

The results of examinations and analyses of the waste liquors
from the Saxonville Mills show that it will be important, before
receiving these liquors into the Framingham sewerage system or
discharging them upon the filtration area, to remove as much of
the solid and fatty matters as practicable, which, if not removed,
will increase considerably the cost of operating the works. Ex-
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periments made by the chemist of the Board show that by passing
the waste liquors through a settling tank, of such capacity that a
period of several hours’ sedimentation will be obtained, the heavier
suspended matters will settle to the bottom of the tank, and much
of the fatty matters, mingled with other matters, will rise to the
top, so that, by drawing off the liquid from the middle portion of
the tank, these matters can be retained in the tank and removed
from time to time, as may be necessary.
There is a suitable place in the mill yard where a settling tank
can be constructed which can be operated by the owners of the
mills, as is done in other cases w here waste liquors of this sort
are to be discharged into a nun aicipal sewerage system. The
quantity of waste liquors flowing from the Saxonville Mills at
present amounts to about 30,000 gallons per day, and it seems
desirable in the beginning to allow the liquid to settle for a period
of at least four hours. A suitable tank for the sedimentation of
this waste liquor would have a t otal capacity of about 20,000
gallons, divided into several compartments, with an outlet in each
so arranged that the liquid would flow out of the tank from a
level sufficiently below the surface to avoid removing the matter
which may collect there, and at the same time far enough above
the bottom to allow for a considerable accumulation of sediment.
The compartments should be so arranged that any one of them can
be separated from the others to allow for cleaning it out whenever
necessary, and they should be cl ined out frequently
An examination of the possible methods of sewerage for the vil-

sewage can best be collected
>uth
of
School Street, where there
at some point near the railroac
nvenient location
orage tank and pumping station
from which to pump sewage to th<re present Framingham filtration
area. One of the main sewers ff the village will naturally be
laid in Elm Street, and this sew ir would receive the sewage of
the Saxonville Mills. From the [ oint at which this sewage would
enter a sewer in Elm Street to the location of the pumping station
would be approximately 1,600 fe st, and, even if it is not found
necessary to provide sewerage for any considerable portion of the
main village in the beginning, it will, nevertheless, be of advantage to construct a sewer in Elm Street of sufficient size to carry
both the waste liquors from the mills and the sewage of the town
which may be discharged into this sewer in the future when works
lage of Saxonville indicates that the
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shall be built. At the pumping station it will be necessary to provide a reservoir to receive the flow of sewage during the night,
and make it possible to do the pumping in the day time. A reservoir or tank having a capacity of about 20,000 gallons will doubtless be ample for present needs, but this reservoir should be so
constructed, if possible, that it can readily be enlarged when necessary in the future.
A convenient route for a force main from the pumping station
to the filtration area can be found by following generally the railroad location and public ways.
At the filtration area the force main can be connected with the
outlet of the present force main, which conveys the sewage from
the main village of Framingham, and the pumping can be done at
the same time as the pumping is done at the Framingham pumping
station, so that there will be a mingling of the waste liquors from
Saxonville with the sewage from the main portion of the town.
The enlarged quantity of sewage may make it necessary or desirable to enlarge the filtration area somewhat, but there is an ample
area available to provide for all the needs of Framingham for many
years in the future. The cost of constructing a sewer in Elm Street
to receive the waste liquor and sewage of the Saxonville Mills, and
the cost of a pumping station, reservoir, force main and extra
filters for the disposal and purification of these matters, would be,

approximately, $27,000.
Purification

of the

Assabet River

Regarding the purification of the Assabet River and the proper
disposal of the sewage from Hudson, Maynard and other places in
the valley of that stream, no careful study has been made, since
this river is not included in the resolve under which the present
report is made; but it is highly important that suitable provision
be made for the purification of the sewage from these places, in
order to prevent the pollution of the stream and the consequent
pollution of the Concord River below the mouth of the Sudbury River.
At Hudson a plan for sewerage and sewage disposal was prepared several years ago, which provides for the purification of the
sewage; and it will easily be practicable to include the waste
liquors discharged from the mills at Gleasondale with the Hudson
sewage.

Th e disposal of the waste liquors of the large woollen factory at
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Maynard will doubtless present imilar difficulties to those encountered in the disposal of the w aste liquors from the Saxonville
Mills, since the operations carried on apparently resemble each
other closely, and it will probably be desirable to dispose of these
waste liquors in connection with the sewage of the town.
The pollutions from Westdale and other places in Concord can
be disposed of in connection with the sewage of Concord. The
only pollutions remaining would be those at Northborough, which
can be prevented when a sewerage system is provided, and those
at South Acton, which are not very serious at the present time.
While the pollution of the Assabet Eiver does not as yet
have a noticeable effect upon the sanitary condition of the Concord
Eiver, there are, nevertheless, several serious local nuisances alom
the Assabet River, and if the pollution of the stream should increase, they are likely to have a noticeable effect upon the condition
of the Concord River. For these reasons, it is very desirable that
the pollution of the Assabet River should be prevented.

Condition

of

the

Meadows on
Riveki

the

Sudbuey

and

Conooed

The condition of the meadows along the Concord and Sudbury
rivers has been the subject of great agitation for many years, and
it is of interest to examine briefly the history of the contentions
relative to these meadows as they were presented to the legislative
committee of inquiry in 1859. The following information is taken
from pages 195 to 199 of House Document 100 of the year 1860,
and is a portion of the evidence introduced before a special legislative committee in 1859, sitting to investigate the flowage of lands
in the Concord valley. From this document it appears that the
question of the drainage of the meadows has frequently been the
subject of consideration by the St ate.
In 1614 there was an order of c ;ourt appointing a commission to
provide for draining the meadows of the Concord River.
In 1672, another order of court for appointing a commission for
the improvement of the meadows, upon the petition of inhabitants
of Concord and Sudbury.
In 1742, a petition of meadow owners for a commission to improve the meadows.
In 1763, a petition for commissioners for draining two pieces
of meadow land in Sudbury.
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In 1789, a petition for a commission to improve the condition of
meadows.
In 1793, a petition for clearing obstructions from the Concord
River.
In 1791 and 1795, further petitions relative to the subject.
In 1816, a petition for the improvement of the Sudbury meadows.
In 1833, litigation between the meadow owners and the owners
of the dam at North Billerica, decided adversely to the meadow
owners in 1856.
Further agitation was begun later, and by chapter 17 of the
Resolves of 1859 a joint committee of the Legislature was appointed
to investigate the flowage of lands in the Concord and Sudbury
valleys, and to recommend such changes and improvements in
such flowage as they might deem requisite for the public good and
the owners of said lands. This committee sat through the recess,
and collected a large amount of evidence as to the condition of the
meadows on the Concord and Sudbury rivers at that and previous
times. The results of these investigations (reported in House
Document No. 100, 1860) do not show any substantial evidence
that ill health was produced by the condition of the meadows.
The meadows were looked upon as profitable agricultural lands
which had been rendered useless on account of obstructions in the
river; but, as is indicated by the long list of previous petitions,
these meadows always gave trouble on account of flooding, and
were always regarded as possible sources of agricultural profit,
provided they could be properly drained.
The agitation was continued, until in 1861 a commission was
appointed, to determine whether the dam at North Billerica affected
the meadows on the Concord and Sudbury rivers above the dam,
and to report their conclusions. The report of this commission,
dated Jan. 6, 1862,* gives the results of very careful investigations
and observations upon the effect of changes in the height of the
dam upon the meadows above. The investigations show that the
dam at North Billerica, which had come to be considered the cause
of the flowage of the meadows, was not responsible for any material

amount of flowage excepting along the Concord River below Concord, where the raising of the dam had the effect of raising considerably the level of the water above the Fordway bar, and to a
greatly less extent above the bars further up stream, but the effect
House Document No. 1, 1862.
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of the dam practically disappeared in the neighborhood of Concord
Nothing as to any unfavorable influence of the meadows upon
health was presented for consideration. The conclusions of the
commissioners are of interest and are quoted herewith ;
1. The dam at North Billerica is
t the only, nor the chief, can
f
the wet state of the meadows above
The bars across the stream.
■P'
dally the Ford way bar the weeds fil iug the channel in many places
for long distances ; the discharge into the river during the summer of w
stored in reservoirs and mill ponds upon the Sudbury and Assabi
rc 1
their tributaries, in their combined ffect do far more dama
meadows than the Billerica dam.
2. Such a change in the dam as shall hold th water there at a level 16A
inches below the present top of the da m, will, in the ordinary condi
the river, reduce the level of the surfac 3e just above the Fordway 8 i
opposite the Carlisle and Bedford me eadows, about 7 inches ; at th
cord lower meadow's, below Barrett’s 3 bar,
wil 11
inches. This effe
diminish as it proceeds thence up the river to Robbins’s bar, when t wi 1
substantially disappear. No valuab effect will be produced up
great meadows in Wayland and Sudbi V
r

;

;

,he

Reducing

the

will, in the ordinary summer conditi iir of the river, produce no
effect anywhere above the Ford way th n such a change in the dam
just been described.
made in the height of the di
4. Neither any change which can
me, afford substantial relief
removing the dam altogether, will,

•eate
h

th

meadows.

5. Keeping the river clear of weed

will, alone, in the

ordinary

state oof

(

the river, reduce the level of the w
r surface at the great me;
Wayland and Sudbury about 6 inchei but this will not afford su
relief to the meadows.
6. Removing all obstacles to th flow of the water except
North Billerica, and leaving tha't
its present height, will not sul
stantially relieve the meadows.

7. So changing the dam as to hold

the water there in summer at

16£ inches

m, and thereafter k
below the present top of
river clear of weeds, will reduce th
;vel of the water surface as
r
Farm bridge in Wayland, above th
reat meadows. The effect
Barrett’s bar, being due to the firs
ause only, will be abou
cans
described. Above Barrett’s bar, the
be somewhat greater than that before shown as due to either cause
At the great meadows in Wayland and Sudbury the water level b
the banks will be reduced about 8 inches, possibly a little more, G inc
nch
W(

n
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of this effect being due to the removal of the weeds, and the rest to the
change at the dam. The whole effect, however, will not be sufficient to
render the meadows fit for cultivation.
8. The meadows can be effectually relieved only by reducing the height
bars,
Fordway and other bars,
of the dam 33 inches
inches or more; cutting
cutting out the Fordway
the
the
river
to
such
an
shallow places in
extent that they
and deepening
shall cease to form any obstruction to the free passage of the water in the
ordinary condition of the river; straightening the channel in a few places;
and thereafter keeping the river free from weeds. In this way the meadows may be so relieved as to become fit for cultivation and valuable.

Nothing further was heard of this matter until an act was passed
in 1894, directing the State Board of Health to remove the bars
of the Concord and Sudbury rivers. This act is entitled “An Act
relative to the protection of the public health in the valleys of the
Concord and Sudbury rivers.” Section one of this act is as follows
;

The state board of health is hereby authorized and directed to expend
during the current year a sum not exceeding twenty thousand dollars, in
dredging the bars in the Concord and Sudbury rivers above the dam at
North Billerica and removing the weeds from said rivers, and in such other
measures as shall, in the opinion of the Board, tend to the restoration of
the marshes along the said rivers to their original condition and to the
abatement of malaria and other perils to the public health arising from the
present state of the same.
It will be seen that the Board is directed, in addition to dredging
the rivers, to take such other measures as shall, in its opinion, tend
to restore the marshes to their original condition, and the abatement of malaria and other perils of the public health arising from
the state of those marshes. There seems to be no doubt that the
meadows along the Concord and Sudbury rivers in 1894 were in
their original condition, so far as can be determined from the
rather complete history of their condition since the country was
first settled.
The work of dredging the bars has been completed and all the
bars have been removed from the river between North Billerica
and a point above Farm bridge in Wayland, with the exception of
the bars just above the dam at North Billerica, i.e. Pollard’s bar,
the Fordway bar and the narrow, rocky channel between the Fordway bar and the dam. The dredging did not, therefore, affect the
,
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level of the river below the neighborhood of Barrett’s bar in Con
cord, where dredging began; but from that point the river was
gradually lowered by the dredging of the bars up to Farm bridge
in Wayland, where the lowering may be in the vicinity of 10 inches. Since the bars upon the river were removed there have been
two very wet summers, 1897 and 1898, and two very dry ones
1899 and 1900. In the wet summers of 1897 and 1898 water
flooded the meadows from time to time, but information collected
at that time indicates that it flowed off much more rapidly than
formerly. The summers of 1899 and 1900 were exceptionally dry,
and the meadows above Concord, so far as has been learned remained dry during these summers; and under present conditions
it is likely that these meadows will be dry in ordinary seasons.
though in wet summers water is likely to flow over them and keep
them wet for longer or shorter periods.
The examinations that have been made of these meadows indicate that the meadows along the Concord and Sudbury rivers are
in the condition of ordinary meadows, and only very small areas
are covered with woods. There are dwelling-houses near the bor
ders of the meadows throughout their extent, and a large and in
creasing number of summer cottages on the higher lands borderin
the river. The meadows below Concord and below the lowest bars
removed by dredging remain practically in their original condition. Surveys of these meadows have shown that considerable
portions of them are at nearly the same level as the water of the
river at its ordinary stage, and some portions of them even below
this level, so that they are constantly wet. Further up stream,
along the Sudbury River where the level of the water has been
lowered by dredging, the meadows are generally a little above the
ordinary summer level of the water in the river, and considerable
areas are from one to two feet above this level, and a few areas
are somewhat higher in level. While these meadows, since the
bars were dredged, drain off more rapidly than formerly, there are
still large areas which are wet in the summer, except in dry sea
sons, and nearly all of them are subject to flooding at times of
heavy rain in the summer season
If further drainage is required, it will be necessary both to re
move the bars and lower the dam at North Billerica, in order to
effect any decided lowering of the water in the Concord and Sudbury rivers. Information gathered concerning the conditions at
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North Billerica indicates that by the lowering of the bars it will
be practicable for the owners of the mills to so operate their works
that the whole flow of the river can be used in the drier portion
of the year, and the waste of water which now occurs during much
of the night be prevented; and this gain in the quantity of water
available for power might offset the loss of power that would be
caused by the lowering of the dam a distance of several inches.
But it is unlikely that any lowering of the bars or dam at North
Chemical Examinations
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Water

from the Sudbury

[Parts per 100,000.]
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ant.
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I
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1
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j
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�
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Distinctly musty
and unpleasant.

ant.

f Turbid.

9.0

10.30 j 3.10
9.25

2.45

15.30,5.35

6.95

1.60

7.45 1.80
8.00

:

Aug.

vege-

1.70

7.15 2.00
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Billerica

that can be made will prevent the flooding of the Concord
meadows at times in summer, owing to the extremely
Sudbury
and
of
small fall
the stream for a distance of 29 miles above the North
Billerica dam.
Respectfully submitted,

X. H. GOODNOUGH,

Chief Engineer.
River, between Saxonville and Farm Bridge, Watland.
[Parts per 100,0(
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Ammonia
A LB CM
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.1500

. 0990

.5040
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.

0000
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I.IT

.0200

.0013

2.37 j 2.7

)0

.0940

0.87'.0020

.0004
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2.2

.0004

0.64 2.6

1.68 .10!

0010

.

0004

0010 .0003

303:

.0172 |.0206

2.0

.

0160

. 0046

0.68, .0420

. 0018

Dam above
Dam

1

.0007 1 0.99

0020 .0000

.0131

]

1.6

. 0020

,0010

.014i

6

0.90

,73 .0010

.0110 ~1000 .0615

0.44

0.36, .0030 .0000

j

Saxonville Mills,

1

above Saxonville Mills.

At Red bridge, 3,000 feet below
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4

I

Below Saxonville, 1,000 feet below lower
bridge, 1 mile below dam.
At Slone bridge, 2.7 miles below dair

6

I

At Stone

Stone

bridge,

2.7 miles below

bridge, 2.7

dam

At

0.42 2.6
0.44 2.5

Below outlet Hurd’s Pond, 4.1 miles
low dam.
At Farm bridge, 6 miles below dam.

0.51

At Farm

0.42 2.6

T

miles below dam.

1.17 2.9

2.6

3

Below Saxonville, 4,000 feet below dam.

I

1.0510

.0390

0.44 1

.0002

!

)0

.000<
|.0032

1

.0012

.0216 .0210
i. 0244 .0212

j

.0040

8

be-

9
10

bridge, 6

miles below dam.

11

At Farm bridge, 8
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Aug. 15
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6.13
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vegeta-
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6

32735
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8
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27
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1901.
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5
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Av
1900.
Aug. 15
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1900.
Aug. 15

13
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Aug. 29
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34877
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[Parts per 100,000.]
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.
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.
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.
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.42

2.2

Near mouth, Concord.

1

.0000

.39
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,
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.
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Assabet River, near Mouth, Concord.
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[Parts per 100,000.]
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REPORT UPON THE DISPOSAL OF MANUFACTURAL WASTES FROM THE MILLS
AT SAXONVILLE, MASS.
Boston, Mass.,

Hiram F,

May 7,

1601.

Mills, C.E., Chairman of the Committee on Water Supply and Sewerage
of the Stale Board of Health.

I make, as directed by you, the following report upon
Sir
the investigation in regard to the nature of the waste liquors from
the mills in Saxonville and methods for their disposal, together
with recommendations of methods of treatment to prevent the
pollution of the Sudbury River from this source.
The waste liquors at these mills are from the processes of scouring wool, washing yarn, cloth washing and dyeing. Measurements
of the liquors used in these various processes, made upon Nov. 16,
1900, a day when the mills were in normal operation,— gave the
following results: from wool-scouring, 21,000 gallons per day;
from yarn washing, 2,100 gallons per day; from cloth washing,
100 gallons per day; and from dyeing, 7,000 gallons per day;
making a total of 30,500 gallons of waste liquor flowing from the
mill on this day. Measurements upon April 30 gave practically the
:

—

same results.
During the past five months numerous samples of all these waste
liquors have been collected and sent to the experiment station for
analysis and studies of methods of purification. The liquor from

scouring and rinsing wool at the Saxonville mills is similar to
that flowing from very many manufacturing plants from which we
have collected samples for examination, not containing as much
organic matter as the liquor from some of these plants, but much
more than the liquor from plants where a very large amount of
water is used in washing the wool after scouring. The average
analysis of the samples of this liquor collected during the period
of study is given on an appended sheet, showing it to be in charac-
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ter and strength quite similar to that from the Bigelow Carpet
Mills at Clinton. The waste liquors from washing cloth and yarn,
analyses of which are also appended, contain a much greater quantity of fat and fatty acids than is present in the wool liquor; in
fact, the amount of solid matter, grease, etc., present in these two
wastes, especially that from cloth washing, causes them at times to
resemble in consistency a fairly strong soft soap. The waste liquors
from dyeing present nothing unusual in character, vary in color,
and contain considerable organic matter.
In this study of the disposal or purification of these waste liquors,
the work carried on at the station during the past five years has
been of considerable assistance in enabling us to judge what could
or could not be done in purifying them by filtration. For we have
proved at the experiment station, as elaborated in our annual reports, that it is useless to apply, without mixture with other liquids,
wastes of a character similar to these to filters of any description,
with the idea of obtaining a well-nitrified effluent. We have also
shown that partial purification by the use of chemicals, causing
coagulation and precipitation, is only successful when a very large
and costly amount of precipitant is used. We have proved, however, that mixtures with domestic sewage of wastes similar to these
can be purified reasonably well by means of sand filters, when the
proportion of domestic sewage to the waste is large. We have also
proved that, the greater the length of time after the mixture takes
place before the sewage reaches the filter, the greater the ease with
which the organic matter is attacked by the nitrifying bacteria in
the filter, and the less the clogging of the filter; these studies having been made with liquors from a number of woollen plants, including that from the Bigelow Carpet Mills at Clinton. Therefore,
while we might assume that the most practical method of disposing
of this waste would be, if possible, to mix it with domestic sewage
at the Framingham filtration area, it was thought best, as the village of Saxonville is not yet sewered, to make a considerable number of investigations in regard to other methods of purification, as
follows:
Sedimentation.

It was found that, if a mixture of the various liquors was made,
containing the proportion of each liquor that each was of the total
volume discharged from the mill upon Nov. 16, 1900, and allowed
to stand for twenty-four hours, 20 per cent, of the organic matter
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in suspension, determined as albuminoid ammonia, would settle out,
8 per cent, of that determined as oxygen consumed, and about 15
per cent, of the total solids; this sedimentation not being particularly good, however, owing to the fatty matters in the liquid,
which tend to float and hold up other matters in suspension. If
the wool-scouring liquor alone was allowed to stand for the same
period, the removal of mineral and organic matter was slightly
greater.
the

Use

of Sulphuric

Acid.

The use of ordinary commercial sulphuric acid, in an amount
equal to 26,000 pounds per 1,000,000 gallons of liquor treated,
caused good coagulation of the fatty matters, and left the organic
matter in such a condition that it could be filtered and leave a clear
liquid. This is a common English method of treatment, and is
successful in removing a considerable portion of the fatty matters,
but the remaining liquor still contains a large body of grease and
dirt. Removing the fats by this method in this country is undertaken at a few places, but is not considered a commercial success.
The filtrate from this treatment is, of course, acid, but with proper
management the degree of acidity should be slight, and easily overcome by subsequent mixture with a large volume of domestic sewage, as at a town filtration area.
Chemical Precipitation
The treatment of the wool-scouring liquor by means of precipitants was investigated as follows: —•
Lime. —The addition of lime in varying amounts, up to 30,000
pounds per 1,000,000 gallons of liquor, effected no change whatever. One thousand pounds per 1,000,000 gallons is a usual amount
used in the precipitation of domestic sewage.
Ferrous Sulphate.— The addition of ferrous sulphate in the same
proportions as lime was without any effect whatever upon the liquor.
Ferrous Sulphate and Lime.
When ferrous sulphate and lime
were both added to the liquor in large amounts, fair coagulation
occurred.

Sulphate of Alumina. Treatment with sulphate of alumina, up
to 50,000 pounds per 1,000,000 gallons, caused no precipitation
beyond that given by sedimentation alone, without the addition
of chemicals.
—
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The addition of 15,000 pounds of ferrous
Ferrous Chloride.
chloride per 1,000,000 gallons caused a slight precipitation, and
with 25,000 pounds per 1,000,000 gallons the coagulation and
precipitation were somewhat better. The addition of this salt apparently caused the formation of iron soaps, and these bodies
settled slightly, but in settling did not carry much other organic
matter with them.
With 15,000 pounds of ferric chloride per
Ferric Chloride.
a
gallons
slight
precipitation occurred, and with 25,000
1,000,000
pounds per 1,000,000 gallons coagulation and precipitation were
very marked, and a clear liquid could be filtered from the precipitated matter. This ferric chloride contained some free acid,
however.

Calcium Chloride. —lt was noted some years ago at the experiment station that the addition of calcium chloride to the Avaste
wool-scouring liquor from one mill caused the formation of lime
soap and a general clearing of the liquor. Other wool liquors
experimented Avith in this Avay have failed to give similar results,
but it Avas found that the liquors from the Saxonville Mills could
be successfully treated Avith this material,
that is, if enough of the
calcium chloride Avas added. Precipitation Avould occur with 10,000
pounds per 1,000,000 gallons, but in order to cause a good coagulation 20,000 pounds per 1,000,000 gallons had to be used. It Avas
noticed also that by this precipitant, in distinction from those already
mentioned, not only Avere the fatty and other organic matters removed to a large extent, but the filtrate after precipitation was
that is, the chloride acted as a disinfectant as
almost odorless,
well as a precipitant. The effect of this chemical upon all three of
the scouring and Avashing Avastes Avas tested, and, Avhile it coagulated
the matter in the Avool-scouring liquor by the formation of a lime
soap, the coagulated matter did not precipitate well, OAving to the
presence of the fatty matters of a loav specific gravity in this liquor,
as already noted. A different result was obtained, however, Avhen
treating the cloth-Avashing waste. This washing is done by means
of a cheap, heavy soap, made at the mills, and the lime soap
formed by the treatment Avith calcium chloride settles fairly readily, and a comparatively clear effluent can be filtered off. The
expense of calcium chloride Avould be considerable, however.
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Summary of Precipitation Experiments

Several other precipitants, such as iron-alum, etc., were used,
with practically the same degree of success; that is, a very large
amount of precipitant was needed to cause any coagulation whatever, and whatever clear or partially clear liquid could be filtered
from the coagulated matter was of an exceedingly offensive odor.
The failure of all these precipitants to cause any satisfactory
coagulation and precipitation of the organic matters in this woolscouring liquor was due to a number of reasons. Of course, the
amount of organic matter in this liquor being much greater than
that in ordinary sewage, we should expect to be obliged to use
much larger amounts of precipitants. Besides this, however, much
of the fatty matter in a state of semi-emulsion in the liquor as it
runs from the drains at the mills is of a less specific gravity than
the water, and any coagulation tends to gather much of this matter in masses that contain a smaller percentage of water than before
coagulation. This coagulum, therefore, has considerable buoyancy,
and tends to carry some of these precipitants to the surface, instead
of the precipitants carrying it with the organic matter down. This
factor is only overcome by the use of an enormous amount of precipitant, as shown by the experiments. The very presence of these
fatty matters, however, and the absence of carbonic acid, tend to
prevent the formation of carbonates and hydrates, upon which the
decomposition of the chemical added, coagulation and precipitation
in some cases depends. In Bradford, England, the centre of the
woollen trade, where it is calculated that 8 per cent, of the sewage
of the city comes from wool-washing establishments, it has been
shown by experiment that from nine to twelve times as much precipitant is needed when treating week-day sewage as when treating
Sunday sewage, free from this waste.
Straining

through

Coke,

Experiments upon straining through coke a mixture of the liquors
in the proportion shown by the measurements of flow have indicated that a considerable percentage of the matters in suspension
can be removed in this way at a rate of perhaps 500,000 gallons
per acre daily; the coke strainer, however, needing considerable
attention to keep the surface free from clogging. The same result
can be obtained by means of a strainer of cinders and ashes
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Conclusions.
Studying the Saxonville wastes and the experiments with them,
and comparing them with the character and investigations of
similar wastes as described in the various reports of the Board,
we reach the following conclusions:
Treating these wastes with ordinary chemical precipitants is
neither a practical nor an economical process. To obtain any
results whatever with ordinary precipitants, an amount has to be
used that would make the cost for chemicals high. Besides this,
the matter coagulated occupies so large a bulk of the total volume
of liquid, on account of poor precipitation, that, in order to separate the clear liquor from the coagulated matter, some method of
straining or filtering would be necessary; that is to say, no considerable volume of clear liquor can be drawn away after precipitation, as is usually the case with this method when treating ordinary
domestic sewage. Moreover, we should have a large amount of

sludge to care for, and a considerable percentage of the matters in
suspension can be removed nearly as well and more cheaply by
sedimentation and passage through coke or cinder strainers.
About 70 per cent, of the volume of waste liquor from these
mills, judging from the measurements made, is from the process
of scouring wool 5 and our experiments have shown that this liquor
that is, sedimentation
can be much more easily treated by itself
it is mixed with a
when
more
successful
than
and strainino’ are
from
yarn scouring and cloth
small proportion of the waste liquors
these
liquors ran into one
washing, such as would be the case if all
tank. The waste liquor from dyeing amounted to about 23 per
cent, of the total volume flowing from the mill on the day of
measurement. This liquor can be mixed with the wool-scouring
liquor without increasing the difficulty of disposal.
The volume of liquor from yarn scouring and cloth washing is
about 7 per cent, of the total volume flowing from the mill, and
is a very strong soap solution. Evaporation of a volume of liquor
equal to perhaps 2,500 gallons per day would not be particularly
costlv, and potassium carbonate could be recovered from the residue so obtained and thus partially pay for the cost of evaporation,
and under some conditions this would be the proper method to
follow in the treatment of this waste. It is not an uncommon
method in English and French mills. Moreover, a considerable
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portion of the liquor from yarn washing is of a weaker character
than the remainder, and could be allowed to flow with the wool
liquor, thus decreasing the volume to be evaporated, if evaporation
was considered necessary. Another method of treatment would be
the addition of calcium chloride for the formation of a lime soap
and subsequent filtration, to be followed by a treatment with hydrochloric acid to recover the fatty acids, resaponification, etc. A third
method of treatment for the recovery of fats, soap, etc., and probably the most economical, is one that is now reported as being tried
in Bradford, England, with a considerable degree of success, where
liquors of this description, after partial evaporation in a special form
of evaporator, have the fat separated from the water by means of a
centrifugal machine, the water, after this separation, being evaporated and the potassium carbonate recovered. The steam from this
evaporation is condensed, and the distilled water thus produced used
for scouring. In the evaporator used in experiments upon a considerable scale 2,500 gallons of liquor per hour are said to have been
treated. It would probably be difficult, however, to persuade an
American manufacturer to undertake processes of any kind for the
recovery of the soap, chemicals, etc., resulting from or used in scouring wool, cloth, etc., with any idea of making the products of the
treatment pay for the treatment.
Taking this last statement into consideration, together with the
fact that the town of Framingham has available at its present filtration area from 90 to 100 acres of land suitable for the construction
of filter beds, it would seem that, if feasible, all this liquor should
pass to this area.
We have found at the experiment station that, when wool-scouring liquor is mixed with a much larger volume of domestic sewage,
it can be cared for upon ordinary sand filtration areas without much
difficulty. Studying the average analysis of the waste wool-scouring liquor from the Saxonville Mills, and comparing it with the
waste wool-scouring liquor from the Bigelow Carpet Mills at Clinton, we find that they are quite similar in strength and composition.
The waste liquor from Clinton we were able to purify successfully
at the station when mixed with ten times its volume of domestic
sewage, and it is now being cared for on the Clinton filtration area
of the Metropolitan water works, mixed with the domestic sewage
of Clinton in about the proportion successful at the station. It is
therefore evident that the waste wool liquor from the Saxonville
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Mills could be cared for upon the Framingham area, now in successful operation, and receiving in 1898 an average volume of
495,500 gallons of sewage per day, or a volume about sixteen times
as great as the waste liquors from the mills at the present time.
It is also evident that, if the volume of domestic sewage flowing
to this area furnishes sufficient dilution, and the area for filtration
is adequate, the liquor from yarn scouring and cloth washing could
also be passed to it, as they differ from the wool-scouring liquor
not in kind but in degree; that is, they contain per volume much
greater amounts of fatty matters. If all these waste liquors, however, were mixed together and passed to this area, they would
carry to it an amount of organic matter equal to that in at least
200,000 gallons of such sewage as now flows to the area. Moreover, it would be organic matter of a character that has a greater
tendency to clog sand areas than that found in domestic sewage,
on account of its very stable character, the large proportion of
fatty matters, and the sloAver decomposition that it undergoes by
bacterial action.
It would seem, therefore, finally, that, while the most reasonable
method, and in fact the only method that we know of, that would
care for this waste liquor in a satisfactory manner would be to pass
it to this area, still, as much organic and mineral matter as practicable should be removed from it before leaving the mill-yard.
Mineral matter is here mentioned because quite a large amount of
sand and dirt is washed from the wool, of so fine a character that
it tends to clog the surfaces of sand areas when passed to them, as
shown by investigations at the experiment station.
I should therefore recommend that settling tanks of a capacity
great enough to hold the entire flow from the mill for a number of
hours should be constructed, to receive the mixed waste liquors,
and so arranged that not only will the sediment be retained by
rethem, but the fatty matters floating on top of the liquid also re
then
be
could
of
tanks
the
tained as far as possible. The effluent
Irom
discharged into a sewer, there to mingle with other sewage
the mills or the village, and be pumped to the Framingham Ultration area. Future experience in disposing of this sewage at the
area, however, may show it to be necessary to pass the effluent of
the
tank through strainer of coke or other material at the
~

~——

j

-

x

settling
mill-yard before it passes into the sewer.
Whatever sediment gathers in the settling tank will, of course
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have to be removed from time to time; and, if it proves to be of
little value for agricultural purposes, it certainly can be used to fill
in low and swampy land, of which there seems to be a considerable
area in the vicinity of the village of Saxonville. The matters accumulated on top of the coke strainer, if constructed, will contain a

very large amount of fat and other easily burned organic matter.
This sludge will have to be removed from time to time, together
with some of the surface coke of the strainer, but can undoubtedly
be used without disadvantage under the boilers at the mill.

Respectfully submitted,

11. W. CLARK,
,

Chemist
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SANITARY CONDITIONS IN THE TOWNS
BORDERING THE SUDBURY AND
CONCORD RIVERS.

Office

of

the

State Board of Health, State House,
Boston, April 26, 1901.

health of Cities and Towns.
In connection with an investigation of the Concord
Deae Sir
and Sudbury rivers, authorized by the Legislature of 1900,1 beg to
present to you a report of the sanitary conditions existing in the
towns bordering upon the banks of the rivers. The report will be
divided into sections, each describing certain definite localities, for
the most part corresponding to the limits of the towns bordering
upon the rivers, but in some instances so modified as to bring certain localities presenting the same conditions under separate heads.
The first locality to which I will direct your attention is that
extending from a point below the town of Saxonville, down the
river, to a point near Sherman’s bridge, so called, and Round Hill.
This section includes both banks of the river and its different tributaries, extending backward on either side towards the water-sheds.
On the right
bank of the river it includes the town of Wayland,
o
extending to the higher grounds marked by Reeves’ Hill and Tower
Hill. On the left it extends from the locality in the vicinity of the
North Framingham station to Nobscot Mountain, South Sudbury and
Sudbury Centre. Most of this territory adjoins the river in the vicinity of the meadows, which at certain portions of the year are flooded
to a considerable extent. The river and the meadows have been observed at different periods of the year under the various conditions
which would obtain by the river being at a very low level and by
the meadows being flooded to a most unusual extent. When these
various conditions have existed it has not been apparent that the
river, its tributaries or its banks have in any way directly caused
any particular disease to be present among the inhabitants of this
district. It is somewhat of a popular belief among these people
that the flooding of the meadows does produce an unsanitary conDr. F. W. Draper, Chairman Committee on
,

:
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dition, which, to their mind, causes malaria, from which disease
many of the people have suffered, but from personal investigation
of the banks of the river when they have been at their highest
mark, it can be definitely stated that this condition does not produce the disease, or in any way influence it, for at that particular
time it was ascertained that no cases of the disease existed among
any of the families living upon or near the river banks. On the
other hand, when the river has been at a low level, there have been
certain years when malaria existed to some extent and other years
when it was quite prevalent among the inhabitants of these towns,
but with the most recent investigations in regard to the cause of
malaria, it has been ascertained that the disease, once having been
introduced into a community, is spread by means of mosquitoes,
and it has also been determined that the development of the mosquito is most favored by water lying in a quiet state.
In the district under consideration, personal visits have been made
to 233 families, aggregating 1,186 persons, and among these families
it has been found that 209 cases of malaria have existed at various
times in the past twenty years. The first case of which any history
can be obtained was in 1880. In this instance the disease was contracted in Boston, the case being one in a family of six who had
lived in this place for fifty years. The house is located near Farm
bridge, on the Sudbury side of the river, towards Heirds’ Pond,
is situated only a short distance from the river bank, and adjoins
the river meadows, and, once the disease having been introduced
into this locality, it is possible for it to have been spread to a considerable extent; in fact, in this same family, in 1888 and 1897,
two other cases of the disease appeared.
The next case to appear was in 1881, in a male adult who worked
at the mill in Saxonville. In this instance there were six in the
family, they had resided in this house twenty-three years, and
this was the only case in the immediate locality. No other case
occurred in this same house until a year ago, when three persons
contracted the disease.
In 1884 there were 5 cases, all of them existing in one family,
which consisted of 5 persons. This family had resided in the house
for twenty-five years.
In 1886, 1 case was reported in the town, he being a man who
had just moved to Sudbury, but who had contracted the disease
while in the army.
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In 1887, 4 cases of the disease were reported, the first one of which
was imported from the city of Newton.
With the presence of this number of cases of malaria, the most of
them contracted in other cities and towns in the State where it was
more or less prevalent, the residences of the patients
being on or
near the liver banks, all the conditions were favorable for the
spread
of the disease, anti up to the present time cases of the disease
have
been present every year.
In 1888 there were 6 cases; in 1890, 26 ; in 1891, 6 ; in 1892, 7
in 1893, 12, in 1894, 8. During the two latter years, perhaps as
a result of the presence of the disease in this locality, some agitation
was made relating to the improvement of the condition of the river.
The stream was of a sluggish character, in certain portions over;

grown with weeds, and several bars existed on the bed of the river
which were, apparently, hindering the flow of the water. In 189596, through the agency of this Board, much dredging was done and
other improvements were made for the purposes of straightening
the river anti increasing the flow, and in 1897 a new bridge was
built at a point in the river where the course had been deflected
from the natural channel.
During these three years a considerable
number of laborers were brought to the river to perform this work.
It is not known at the present time whether any of these men were
affected with the disease or not, nor is it necessary in the consideration of this investigation to ascertain that they really did have the
disease, for, from the information at hand, we know that malaria
was already present in the valley of the Sudbury River. With the
advent of this work, however, many new cases of the disease presented themselves among the inhabitants, and in 1895 17 persons
were ill with the disease in 1896, 35, of which number, however, one
was imported from the town of Saxonville and another from the city
of Waltham, and in 1897, 16 cases were reported to have occurred
among the people residing in this district. In 1898, 30 people were
said to have had the disease, one of whom contracted it while at
Amherst; and in 1899, a summer which was marked by a particularly low condition of the water in the river, 28 cases appeared,
one of which was contracted at Saxonville and another at Woburn.
In the past year only 6 new cases of the disease have been present
m the district, one of which had the disease before coming here to
live. The years of 1899 and 1900 were both conspicuous on account
of the similar condition of the river. There was a very slight rain
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fall, the meadows were quite thoroughly drained, the farmers were
able to cut their grass, and yet in one year we have 28 cases of
malaria and in the following year only 6 cases, which must be evidence that other conditions besides the river and its meadows are
necessary to propagate the disease.
For the further consideration of the subject the twenty years have
been divided into three periods, the first one extending from 1880
to 1895, a period of fifteen years. During this time 77 cases of the
disease appeared in 32 families, aggregating 192 persons, and for
the same period no cases appeared in 70 other families, aggregating
315 persons, living in the same locality under the same conditions.
In the three-year period of 1895—97, during which time improvements were being made upon the river, there were 68 cases among
43 families, aggregating 241 persons; and in the last three-year
period, from 1898 to 1900, there were 64 cases among 35 families,
aggregating 202 persons, while of other residents there were no
cases among 53 families of 236 persons. In the latter period it is
also conspicuous that, of the 64 cases, 58 occurred in 1898-99, and
only 6of them in the past year. These cases have been plotted
upon a map, in order to determine if a residence close to the river
or the meadows predisposes to an attack of the disease. In this
way it lias been possible to consider two distinct districts: one, that
bordering upon either side of the river and adjacent to the meadows;
another farther removed and situated on a higher level. In the first
district, or that close to the river, it was found that S 3 families had
cases present, and 51 families had no cases, —a percentage of 62,
consequently, having had the disease. In the district more remote
from the meadows and on higher land, it was found that 23 had
the disease out of a total of 99 families in the district,
a percentage of 23.
From these figures it is apparent that families living near the
river bank or adjacent to its meadows are more exposed to the
cause of the disease than those living on higher ground and more
distant from the river. The districts which seem to be particularly
affected are the settled portion of the town of Wayland and the
outlying districts bordering upon the river. The localities known
as Sudbury Centre and South Sudbury are, for the most part,
unaffected by the disease. Geographically, these two localities are
separated from the river by three large hills, Pendleton, Goodman
and Green; and it seems reasonable to conclude that these hills
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prove an effective barrier for the migrations of the mosquito, for
it is known that they do not make any very extended
journeys, and
that they do not rise to any considerable height in the air.
From the investigations conducted in this particular
locality, it
may be concluded that the condition of the river and river banks is
not in any way the cause of the disease, although it may be connected indirectly in its propagation, and from the statistics of the
past year it is possible that the disease has reached its height in this
locality and is on the decline at the present time.
The next locality to be considered is that next below Round Hill
and Sherman’s bridge on the river, extending to the town of Concord. This territory is mostly adjoining the left bank of the
river,
the territory on the right bank rising somewhat abruptly from the
river, and being rather sparsely populated. On the left bank of
the river the locality investigated includes the settlement of North
Sudbury, Nine-Acre Corner, and the roads from the latter place
towards the town of Concord. In this territory there are 35
families, with a population of 185 persons, most of them havingresided in this locality for many years, and, with three exceptions,
none of them have had malaria until 1900. Of these 35 families,
the disease has been present in 9 of them, the first dating back
to 1886, at which time the patient had contracted the disease while
stopping at Waltham, where it was then prevalent. In 1890
another case occurred in the same house.
The second case to appear was in 1888, the patient having lived
in this locality for thirty years. The family consisted of 3 members,
and in this case the man affected with the disease drove on the road
between Concord and Boston as a part of his daily duties, and it is
not improbable that he contracted the disease while engaged in this
work.
The fourth case to appear was in 1896, the patient being one of a
family of 6 who had resided in the house for upwards of fifty years.
From the history obtained, it cannot be definitely stated where the
disease was contracted.
In regard to the 6 cases appearing in the past year, there is no
history pointing directly to outside infection; but, as has been
stated, once the disease having been introduced into a locality, it
is comparatively easy for it to spread. The majority of these cases
have occurred in houses bordering upon or near the river meadows.
The next territory to which attention was directed is the town of
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Concord. During the summer of 1899 the attention of the Board
was directed to the presence of malaria in this town by the receipt
of specimens of blood from a physician there, which specimens were
sent to the laboratory for examination, and later in the season a personal investigation was made of the existing conditions in the town,
by interviewing all of the doctors practising there, relative to the
prevalence of the disease. As a result of this investigation it was
found that 187 cases of malaria had been treated by the local
physicians of Concord during the year 1899, most of the number
occurring during the summer months. In addition to these cases,
it was also learned that approximately 40 other patients were
affected with the disease, these not having required medical treatment. These 40 cases were laborers employed on the sewerage
system then being introduced into the town.
The first case of malaria about which any definite information can
be obtained in this town occurred about fifteen years ago, in the
practice of Dr Titcomb. The patient was a man about forty years
of age, who was attacked by the disease under the following circumstances. During the summer of that year a child accidentally
fell into the Concord River at a place about a mile distant from Ids
house, and upon hearing of the accident, he ran to the spot where
it happened, and, throwing off a portion of his clothes, dived into
the water to find the child. His efforts were successful, and the
body was brought to the bank of the river, where efforts were
made to bring back his life. The work was continued for about an
hour, but without avail. Upon returning home the patient had a
severe chill, undoubtedly brought on by his sudden exertion in
running to the river, the throwing of his body in a heated condition
into the water, and subsequent exposure while working over the
body of the child. From that time until the present he has, at
various times of the year, mostly in the summer, however, been
troubled with these attacks.
The next case concerning which there is any information was in
the summer of 1891, in the practice of Dr. Braley, the patient being
a man who had recently come to Concord to live, and who had previously been attacked by the disease.
In May, 1895, two new cases appeared at Concord Junction, in
houses located near the Assabet River. These two cases were women,
and from the history of their sickness it is not definite that they
suffered from malaria alone, as other conditions existed which might
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have caused symptoms similar to malaria. Since this time
malaria
has not been uncommon in this town, but it is during the past two
summer seasons that it has been especially prevalent, and, of these
two, more cases occurred during the summer of 1899 than that of
1898. With the spring of 1898 the introduction of the sewerage
system was begun, and many of the streets were dug up during the
summer season. It is not known, nor can it be ascertained, whether
any of the laborers employed during that year were affected with the
disease or not, for before the system was completed the contractors
failed and the men employed left the town. During 1899, however,
more definite information can be obtained.
Digging was begun
upon the streets during the month of April and continued to about
the first of November. From the location of the places as plotted
upon the map, it is evident that the larger number of cases existed
in the territory about Belknap and Grant streets, near the Fitchburg Railroad, which locality is somewhat lower in level than any
other thickly populated district in the town. It was not apparent
that any one class of people were affected, nor was there little
difference in the age or sex. Among the laborers digging on the
sewerage system who were affected, all lived in temporarily erected
houses on the Lowell road, which were adjacent to the well and
pumping station of the sewerage system. At this place it was necessary to dig to a considerable depth in putting in the system, and
there was much water in the trench all the time while excavation
was going on. This condition seemed very favorable for propagating
the disease, and more laborers were affected while working upon
this section of the sewer than upon any other. With the appearance of the cold weather and the completion of the work the number of cases partly diminished.
During the past year, from general information obtained, it is
evident that the disease has been less prevalent than during 1899;
but a more complete report of this disease in Concord will be presented by Dr. Theodore Chamberlin.
The next locality to be considered is the town of Billerica. During
the year 1898 the attention of the Board was called to a large number of cases of malaria which occurred in this town, by the sending
to the laboratory of many specimens of blood for examination.
Previous to 1898 the town of Billerica pwoper had been comparatively free from the disease, but in the village of North Billerica
cases had occasionally occurred. The introduction of a public water
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supply was begun in this town during this year, and on June 21 the
first digging was done at a point on Main Street near the railroad
crossing, thence south to Billerica village, the work being completed
about the middle of August. Excavation was then begun at a point
near the pumping station and carried south to the first-mentioned
point; then from the bridge over the river south to the junction
with the second point, which was reached on August 31. The digging was then continued on the other side of the river north through
the several streets of North Billerica, being completed on Lowell
Street during the latter part of October. The location of the
patients ill with the disease was plotted on a map, and it was found
that 6 of them lived within half a mile of the laborers’ shanties;
and, when it is considered that two of the laborers were sufficiently ill with the disease to require the attendance of a physician,
and probably some of the others were infected to a milder degree,
it may be assumed that the laborers introduced the infection into
this locality.
Billerica Centre is located about three-fourths of a mile from the
Concord River, on an elevation about 140 feet above it. North
Billerica, on the other hand, is adjacent to the river, only slightly
above it in point of level, and the conditions for the propagation of
the disease would, therefore, be more favorable at North Billerica
than at Billerica.
During the year 1898, 33 cases of the disease were present in
these villages, and upon investigation 27 were able to be personally
seen, and of the remaining 6, 2 were laborers who had left town to
live in East Billerica, 1 lived in Carlisle, and 1 could not be located.
These 27 cases were present in 22 different houses, having a combined population of 115 persons, of whom 88 were adults and 27
were children under fifteen years of age. In only one instance was
a history of any previous attack given, and this was a man who
has had attacks yearly for the past seven or eight years. In every
case the patient had lived at Billerica at least one year, and only 3
had lived there less than five years, while 24 had resided there over
five years, many adults having lived there most of their lives, and
never having had a previous attack of the disease. In 3 instances
the patients had been absent from home during the summer season.
One visited Tewksbury from April until August, but was not
attacked with the disease until the latter part of September;
another was away two weeks in July, and was attacked on Septem-
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ber 24; and the third was absent during the month of July at South
Groveland, and was taken ill on September 8. In every instance
the water supply was obtained from a well, and the sewage disposed of by means of a cesspool or by direct drainage upon the
ground. The occupation of the patients was varied, and at North
Billerica the larger number of them was employed in the cotton
mills at that place.
Since 1898 the disease has been on the decrease, and from this
investigation it can be concluded that the presence of malaria at
Billerica during the summer of 1898 Avas due to the presence of
laborers in the toAvn Avho brought the disease Avith them, and,
under favorable conditions, later spread it through the villages.
The toAvns of Bedford and Carlisle are located on the banks of
the Concord River, just beloAv and adjoining the toAvn of Concord,
Bedford being on the right bank and Carlisle on the left. From
the character of the river there is only a small amount of meadoAV
land Avhich is flooded in the spring of the year, Avhen the Hoav
f the river is considerable. From information Avhich has been
htained from practising physicians in Bedford and Carlisle, it is
not evident that there is even any considerable number of cases
of malaria present in either place. In both places, hoAvever, there
have been occasional sporadic cases, but during the past tAvo or
three years even these have been less frequently seen, and in no
instance could their origin be attributed to the particular conditions
produced by the river.
Much favorable comment has been offered by all of the residents
along both sides of the river, from the loAver borders of the town
of Saxonville, Avhere the investigation Avas begun, through the toAvns
of Wayland, Sudbury and Concord, since the improvements Avere
made during the years of 1895-1897. It is generally admitted
that the meadoAvs free themselves of Avater earlier in the season than
they formerly did, and the grass is noAV cut and harvested Avith
much less difficulty than before such improvements Avere made.
From this investigation it may be finally concluded that malarial
fever is on the decrease in the valley Avhich includes the meadows
of the Concord and Sudbury rivers, Avith the exception of the upper
reach beloAv Saxonville.
Yours respectfully

FRANK L. MORSE, M.D.
Medical Inspector.

56

SUDBURY AND CONCORD RIVERS.

Malakia

May,
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Dr. 11. P. Walcott, Chairman , Massachusetts State Board

,
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of Health

Dkar Sir: —At your request I have taken a house-to-house
census of the malaria cases in the town of Concord, except in that
extreme westerly part of the town, which borders only on the
Assabet River, and in which I am informed by the physicians
practising there there have been few cases of malaria. I have a
record of 432 cases.
From the date of the first case to the dredging of the Concord
and Sudbury rivers (1870-94) there were 23 cases, some of which
are worthy of note. In 1870, Mrs. B. a native of Concord, was
seized with a typical malarial attack (chill, fever, sweating) on
her return to Concord after a year spent in West Medford, where,
so far as she remembers, there were no other cases of malaria. She was cured by quinine. The second case occurred in
the person of Mr. TST., who in 1880 had chills, fever and sweating,
after rescuing a boy from the Concord River. His case was un-

recognized for some time, but he was finally cured by quinine.
In 1884 Mr. and later Mrs. M. were seized by malaria, and had
periodical chills, fever and sweats. Mr. M. was a bed-ridden
invalid, suffering from chronic rheumatism, and had not been out
of Concord for many years. These cases were diagnosed by a very
competent physician. The next cases occurred in 1886 and 1889,
in two different houses at Nine-Acre Corner (close to the Sudbury
line). In 1892 all of Dr. E’s household of 9 (on the Lowell
Road) had malaria, and the cause was attributed by him and by
his physician to the ploughing up of virgin soil near his house which
bordered on the Assabet River. It is a curious coincidence that
the little son of the owner of this field (who lives very near it)
had malaria in 1900, at which time this field was ploughed for
the second time
From the dredging of the river in 1896 to 1898, when the Concord sewers were dug,— that is during 1895, 1896 and 1897,
there were 19 cases, none of which are deserving of particular

—

notice.
From the beginning of the sewer digging to Jan. 1, 1901, there
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have been 390 cases of malaria, in other words, 90 per cent, of
the cases of which I have a record have occurred in 1898, 1899
and 1900.
This sewer digging by gangs of Italian and Irish laborers lasted
for two years (1898 and 1899), and extended through all the streets
of the village. During this period the town was invaded by the
returning soldiers from the Spanish-American war, many of whom
had malaria.
It is worthy of note that the number of cases has increased from
year to year, there having been 53 in 1898, 149 in 1899 and 188
in 1900.
There seems to have been at no time any particular focus of
the disease, and even along the river there have been no more
cases than in other parts of the town. In fact, for a mile along
the river through the village there have been only 17 cases, which
may perhaps be accounted for by the fact that these houses are
occupied by very well-to-do people, who live in thoroughly screened
houses, and otherwise take precautions against mosquitoes. It is
among the less well-to-do people, along the Bedford road and south
of the Fitchburg Railroad station, that the larger relative number
of cases have been found.
I hand you with this a map of Concord, shoAving the location,
date and number of cases: (1) previous to 1895, (2) 1895 to 1897,
inclusive, (3) 1898 to 1900, inclusive.

Respectfully,
THEODORE CHAMBERLIN, M.D.

