
SENATE INo. 4.

Office of the State Boaed of Health,
Boston, January, 1889.

I have the honor to transmit to the Legislature the report
of the State Board of Health, made in compliance with the
provisions of chapter 375 of the Acts of 1888.

This comprises the action of the Board under the provi-
sions of section three of the aforesaid Act, requiring the
Board to give advice to authorities of cities and towns relative
to their water supplies and disposal of sewage.

A brief statement of the experimental work of the Board,
which has been conducted under the provisions of the same
Act, together with a summary statement of the examinations
of the water supplies of the State, are also included in this
report.

A more full and detailed account of the experimental work
of the Board upon water and sewage filtration, together
with the results of analyses of the waters of the State, will be
presented in an appendix, to be published later in the year.

Eespectfully,
SAMUEL W. ABBOTT,

Secretary

To the General Court of Massachusetts

WATER SUPPLY AND SEWERAGE.
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By virtue of the authority conferred upon the State Board
of Health by the provisions of section 3 of chapter 374 of the
Acts of 188G, afterwards superseded by section 3 of chapter
375 of the Acts of 1888, wherein the Board is required “ to
consult with and advise the authorities of cities, towns, cor-
porations, firms or individuals,” with reference to the intro-
duction of water supplies and systems of sewerage, twenty-
two applications have been received, of which eight related
to water supplies and fourteen to sewerage and sewage dis-
posal. The applications relative to water supply were from
the following cities, towns and corporations: Maynard,
Mansfield, Athol, Winchendon, Millbury, Fairhaven Water
Company, Revere Water Company and Brockton.

Those which related to sewerage and sewage disposal were
from Brockton, Ware, Haverhill, Winthrop, Pittsfield, Fram-
ingham, Westfield, Quincy, Northampton, Lenox, Fox-
borough, Charlemont, Newburyport and the Howland Mills
Corporation of New Bedford.

Maynard. Reference was made in the report of 1887 to
the application of the town of Maynard for the advice of the
Board as to the propriety of taking White’s Pond, in the
towns of Hudson and Stow, as a water supply.

From such examinations as had then been made by the
engineer of the Board, conclusions which would warrant a
definite reply had not been reached by the Board at the date
of the last report. Subsequently, the town having had the
necessary examinations made as recommended by the Board,
the following reply was transmitted to them :

White Pond, in the towns of Hudson and Stow, is a desirable
source of supply for your town, on account of the very good quality
of its water, as indicated by chemical analysis and an inspection
of the locality ; and because of its large storage capacity, the
pond containing, when full, an available supply for the town for
two years or more.

While the supply from the pond alone may prove sufficient for
the wants of the town for many years, yet there is so much doubt

I.

Water Supply.
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upon this point, that in designing the works the prospect of a
supplementary supply should he kept in view to be provided for.

It is feasible to obtain a supplementary supply from the ground
along and near the pipe line from White Pond to the proposed
pumping station.

The experience in this State and elsewhere indicates that
water taken from the ground should be stored in a reservoir from
which all light is excluded, and this feature should be considered
in designing the reservoir.

Athol. In the last report of the Board reference was
made to the application of the town of Athol relative to the
proposal to take Phillipston Pond as a water supply. The
question Avas still under advisement at the close of last year.
The Board, having considered the matter, gave the following
reply:

The water of Phillipston Pond is of good quality, and the quan-
tity may be sufficient to supply the town of Athol for many years,
but from the examination made by the engineer of the Board of
Health it appears probable that good water in sufficient quantity
may be obtained from sources nearer the Ar illage at less expense
than to bring it from Phillipston Pond, with the further advantage
of not interfering with the industries depending upon that Avater;
and the Board recommends that the town have this subject in-
vestigated by a competent engineer before deciding to adopt the
plan which they have proposed.

Mansfield. The Water Commissioners of the town of
Mansfield applied for advice relatiA'e to a proposed ground
Avater supply from the neighborhood of Cate’s Springs in
Mansfield, and the proposed source was approved by the
Board.

Winchendon. The Selectmen of the town of Winchendon
applied to the Board for its advice with reference to the
Upper Naukeag Pond in the town of Ashburnham as a
source of water supply. The following reply was fonvarded
to the authorities of that town :

The Upper Naukeag Pond will evidently supply a sufficient
quantity of water for Winchendon and Ashburnham for a long
future.
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Its surroundings appear unusually favorable for insuring a

very good quality of water, and chemical examinations show an

Unusually small amount of impurity ; but a peculiar and disagreea-
ry sample tested, which grows
kept. A visit to the pond in
from many parts of the pond,
it. The cause of this odor has

ble odor has been found with ev
more disagreeable the longer it is
June, and examination of samples
show the odor to be in all parts of
not been determined, but it has existed during the past four
months, and is so marked that the Board does not, at present,
recommend the adoption of this pond as the source of supply ; but
does recommend that the town employ a competent engineer,
skilled in this kind of work, to make the necessary investigations
to determine if an abundant and unobjectionable supply cannot be
obtained from underground sources nearer the town.

Such information as the engineer of the Board may have ac-
quired will be at the service of the town in making their investi-
gation.

Millbury. The Selectmen of Millbury requested the
advice of the Board relative to a proposed water supply, at
the same time indicating certain sources of supply as having
been investigated by their engineer. From these sources,

branch of the Boston and
mded by the engineer em-
and most available source of
ildering the question, trans-

springs adjoining the Millbury
Albany Railroad were reconmn
ployed by the town as the best
supply. The Board, after cons
mitted the following reply :

After careful examination of the different sources of water
supply for the town of Millbury, excepting that of the Worcester
water works, which has been mentioned, but is understood to be
unavailable, the State Board of Health finds that the site selected
for a ground water supply has advantages which make it the most
appropriate source for the town.

Analysis of water from the flowing well showed it to be very
soft and of excellent quality.

The quantity that can be obtained from the immediate locality
of the present well cannot be determined until proved by months
of pumping, and other wells may be needed to intercept all of the
water that may be required ; but the surroundings indicate that a
sufficient quantity, for a long time in the future, may be brought
to a pumping station in the vicinity of the present well.

The Board advises that water taken from the ground should,
when stored, be in a reservoir from which light is excluded.
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Farun avex. The Fairhaven Water Company having ap-
plied to the Board for its advice with reference to the taking
of a ground water supply from a well near an ice pond, the
Board examined the locality and concluded that the proposed
source did not present indications which would warrant a
sufficient supply for the town, and so advised the applicants.
A second application was received by the Board from the
same company Dec. 18, 1888, which will receive due con-
sideration.

Eeveke. The Revere Water Company at present sup-
plies the towns of Revere and Winthrop with water from a
well situated in the former town. The present source cannot
he regarded as sufficient for the needs of these growing

O O O
towns.

The company, being desirous of increasing its source of
supply, proposed to take water from Fillings Pond in the
town of Lynnfield, and therefore made application to the
Board for its advice relative to that pond as a source of
supply. The pond in question is a mill pond, with an aver-
age depth of not more than three or three and one-half feet.
The Board submitted the following reply :

The amount of water now supplied to the towns of Revere and
Winthrop is as much as the present source of the Revere Water
Company can be expected to furnish, and an additional supply for
these towns is neede

The water of Fillings Fond, the proposed source of additional
pply, when examined in October, 1888, was of fair quality ; but,
am the small depth of the pond, it will probably be unfit for use

when drawn down two or three feet during the dry months, as it
would be if used as a water supply for Revere and Winthrop.
The quantity of water which it will furnish will not probably be
sufficient to furnish a supply to these towns for more than ten
years.

In view of these unsatisfactory conditions, the Board advises
that a better source should be sought.

The most available territory for the supply of Revere and Win-
throp appears to be in the Saugus valley, and the Board would
advise that examinations be made to determine if an underground
supply may not be found in this valley, above the brook which
enters the river from ne village of Wakefield.
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Brockton. On the 29th of March, 1888, the Water Com-
missioners of Brockton applied to the Board for its advice as
to the methods to be adopted to “ effect a permanent im-
provement in the condition of its water supply,” the condi-
tion of the water in the previous season having been such as
to make it “ unfit for domestic purposes.”

The Commissioners had already adopted certain measures,
such as cutting oft’ the shallow flowage and removing muck,
loam, and other material from the immediate shores of the
reservoir.

As the result of examination of the Brockton water supply,
and of subsequent experiments having in view the best
method of relief, theBoard transmitted to the Commissioners
the following communication : —-

In response to the request of the Water Commissioners of Brock-
ton of March 29,1888, that the State Board of Health wouldadvise
them as to what method they should adopt to effect a permanent
improvement in the water of their city, which was unfit.for domes-
tic use in August and September of last year, the State Board of
Health has had examinations made, which show that the probable
cause of trouble was the growth aud decay of vegetable or animal
matter, which growth is favored by the large area of meadow and
swamp lauds which drain into the reservoir the water which they
receive from the adjacent uplands.

Two possible methods of relief are presented
1. To prevent the growth of objectionable substances
2. To remove them and their effects after they have grown.
If there were no meadow lands overflowed by high water, or

swamps draining into the reservoir, the objectionable color would
undoubtedly be absent, aud there would be much less liability to
trouble from vegetable growths, although surface waters nearly
colorless do sometimes give trouble.

To remove the vegetable matter of the swamps on the stream
entering the reservoir would probably be unavailing, because
bodies of shallow water would thus be formed in which objection-
able vegetable growths would again start. At least, the cost of
remedy in this direction would be too great to be undertaken until
after less expensive methods of relief have been tried. In lieu of
this the Board recommends that surveys and estimates of cost be
made by the city upon a plan for conveying the water from the
uplands to the reservoir, without having it come in contact with
the meadows aud swamps, except as it passes through or around
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them in channels; the general features of this plan being as
follows:

The isolation by means of dykes on all sides of such portions
of the swampy laud at the head of the reservoir as are lower than
the highest level reached by the water in it; a sufficient channel
to be formed on one side of the valley outside of the dyke to
carry the maximum flow of the stream, and a Smaller channel
on the other side to carry the water from uplands in the immediate
vicinity. Every other meadow or swamp from which water flows
to the reservoir to be provided with a main channel, which may
be in the central portion, large
high-water flow of the stream

enough to convey the ordinary
passing through it; and with
lers, and cross channels to catch
uplands to the main channels

smaller channels around its bor
and convey the water from the
without flooding.

itedly improve the water, but weSuch a scheme would undoul
are not ready to advise its adoption until the cost is determined

that of removing objectionableOf the second method of relie
organisms after the water has
through the banks of the reserve
out of the question, on account
ground.

received them, natural filtration
ir or of the stream appears to be
of the impervious nature of the

Experiments have been mad'
elsewhere with various appliances for rapid artificial filtration
through sand, with and without the help of alum. These filters
have acted continuously, except when the filtering material was
being washed.

In all of these experiments, when sand alone was used, the
number of organisms was somewhat reduced, sometimes to one-
third and sometimes to one-quarter; but with the deeply colored
Brockton water of August and September the filtered water had
the same appearance as the water of the reservoir, and the chemi-
cal analyses showed a very imperfect removal of the green growth.
Such filtration would not be at all satisfactory.

When alum is used with the sand, the number of microscopic
organisms is reduced to a greater degree, depending upon the
amount of alum used. The ordinary amount claimed to be used
was one pound of alum for twenty-five thousand gallons of water.
The experiments showed that this amount had no effect upon the
color, and had reduced but little the number of bacteria ; neither
was the color reduced by two pounds, but four pounds reduced the
color and the number of bacteria a little more than one-half,
and reduced the microscopic organisms to about ten per cent.
Six pounds of alum for twenty-five thousand gallons of water

the Board at Brockton and
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reduced the color to one-eighth of its original depth, reduced the
bacteria to one-tenth, and the microscopic organisms to one per
cent, of the original number; but there was added to the water a
large amount of ammonia, and about one part in one hundred
thousand of combined sulphuric acid. The appearance and taste
of this water was satisfactory; but the Board of Health cannot
advise the use of water which has passed through and dissolved
this amount of alum.

Filtration through beds of sand, as practised in the past, has
not been sufficiently effectual in removing from water the coloring
matter that comes from swamps and microscopic and other vege-
table growths to warrant the Board in advising its adoption.

The Board has been engaged in experiments during the past
year upon intermittent filtration through five feet in depth of sand,
by which it is found that all color and all vegetable organisms
which can be identified by the microscope are filtered out con-
tinuously where two hundred thousand gallons per acre are filtered
daily ; but that when four million gallons per acre per day were
applied the color was removed for three months, but afterwards
increased to be nearly as distinct as that of the applied water, and
the number of microscopic vegetable organisms which came
through became large, though most of the forms regarded as
especially objectionable were much reduced in number.

These experiments give promise of a practicable solution of the
problem. They indicate that' with certains sands the color and
objectionable growth in water from swampy territory may be
removed by intermittent filtration from sufficient quantities to ren-
der the cost of preparation and maintenance a reasonable one,
and experiments will be continued until a definite result is reached.

If the Water Commissioners of Brockton desire that sand from
a locality that will be available for use near the reservoir in Brock-
ton be included in these experiments, and will furnish at the experi-
mental station of the Board at Lawrence eight barrels of sand
selected by the engineer of the Board and the Water Commission-
ers, the efficiency of this sand in removing color and vegetable
organisms from water will be determined.

Kingston. In the town of Kingston there are at present
two water supplies, one of which, supplying water for about
forty or fifty families, has for many years conveyed its sup-
ply to the houses for a considerable part of the distance in
a lead pipe one and one-half inches in diameter. As there
was some apprehension in the town lest injury might occur
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to the persons using this water, it was thought best to refer
the matter to the State Board of Health. It was stated that
in certain instances persons who used the water had been
made ill. So far as could be learned, however, the symptoms
which had been referred to this cause were not indicative of
lead-poisoning.

Samples of the water were obtained from the pipes at
Kingston, and submitted to chemical analysis. The result
of the analysis indicated that the water was dissolving
quantities of lead, so minute that they could not be regarded
as injurious to health; but the fact that any lead was dis-
solved by this water may imply that under certain circum-
stances the quantity of lead contained may be large enough
to become injurious, and we are glad to learn that since the
date of this inquiry the works of the Aqueduct Company
have been bought by the town of Kingston, and the use of
the lead pipe discontinued.

Gardner. A communication was received from the
Board of Health of Gardner, with reference to the pollution
of its water supply from the following sources :

1. Sewage and waste water from a number of dwellings on or
near the banks of the supply.

2. Sewage and waste water deposited in and flowing through
a swamp near Green Street, and the overflow thereof.

3. Drainage from a cemetery on the north side of the lake.
The outlet of the same lake is used by several large factories as
a common sewer. A large pond on the line of the same stream
is rapidly becoming polluted, and is a source of sickness.

To this communication the Board replied that the condi-
tions referred to as existing at Gardner were such that the
local Board of Health could deal with the question. The
lakes or ponds referred to in the letter were entirely within
the limits of the town, and therefore within its control under
the existing statutes. At the same time the Board expressed
its willingness to render any assistance to the local Board
which the latter might require in dealing with the questions
referred to in its communication to the State Board.

Other applications, received from the authorities of Mal-
den, Leicester, Canton, Pittsfield, North Adams, Fairhaven,
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Revere and Avon, with reference to water supplies, are still
under consideration.

Advice to Cities and Towns Concerning Sewerage
and Sewage Disposal.

Brockton. In the report of last year reference was made
to the question of the sewage disposal of the city of Brock-
ton (19th Annual Report of the Board, 1887, p. 19), and
in the preliminary reply then made to the authorities of
Brockton it was stated that a more detailed report would be
made at a future time. The Board, therefore, made the
following reply on Feb. 8, 1888 :

The Joint Standing Committee on Sewage and Drainage of the
city of Brockton, in July last, asked the advice of this Board as to
the best practicable method of disposing of their sewage, and pro-
posed four methods of disposal, as follows :

1. Upon land at the muster-field, as proposed by Phineas Ball,
C. E.

2. Upon land at the Matfield meadows, as proposed by Rudolph
Herring, C. E.

3. By a process patented by Mr. Amasa Glover of Brockton.
4. By conveying the sewage to tide-water, either at North

River or at the Taunton River below Taunton.
The practicability of each of these plans has been carefully con-

sidered by the engineer and the consulting engineer of the Board,
and the plans which they regarded practicable have received much
personal consideration by members of the Board.

The nearest point on North River which can be considered is
below the mouth of Third.Herring Brook, thirteen and a half miles
from Brockton, to which sewage could be pumped through a force-
main costing as much asS100,000; but at this distance the low-
water flow of the stream would be but six times the amount of
sewage, and a nuisance would be produced in this tidal stream
which could not be allowed.

To convey the sewage to Taunton River, below Taunton, would,
if following the valley, require a sewer about twenty-five miles in
length, and it is doubtful if any line could be found which would
not require pumping. If the volume of water flowing in the river
below Taunton would sufficiently dilute the sewage of Brockton,
alone, it will not dilute sufficiently the sewage of Brockton and all
other places having an equal or greater right to discharge their
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sewage there. The cost of carrying the sewage to this point
would be very much greater than to dispose of it upon land, with-
out giving as favorable results.

Mr. Glover’s scheme was referred to our engineer, who, after
careful consideration of the method and interviews with Mr.
Glover, reports as follows :

“Mr. Glover’s original scheme, as far as it relates to the purifi-
cation of sewage, consists of three principal parts :

“ 1. A settling-basin, which, without the aid of chemicals, is in-
tended to separate and retain the solid portion of the sewage.
“ 2. A wall of gravel at one end of the settling-basin, through

which the sewage is expected to filter.
“3. A series of arches of soft brick, over which the sewage is to

flow, and through which it is intended to filter, then to drop
through the space below, and so become aerated. From this space
it is to run through drains to the stream.

“ He proposes four divisions of this apparatus to allow for clean-
ing, etc. All of the apparatus is to be covered with a building
having a central shaft or chimney for removing foul odors.-

“The scheme, as proposed, is thoroughly impracticable. The
settling-basins would not cause the suspended matters to settle to
a great extent, and the two filters would not pass a sufficient

fume at first, and would soon became clogged
Mr. Glover also presented an alternative scheme, of a settling-

basin and a sub-surface disposal on land; the same scheme in
principle as that adopted at the Woman’s Reformatory Prison at
Sherborn. No details of this scheme are submitted.

Disposal of the sewage of I ton by chemical treatment or
precipitation seems to be out
sewaae to North River, and th

of the question. To carry the
jre treat it, would cost too much ;

the precipitation process into the
duce a nuisance.

and to discharge the effluent of
Salisbury Plain River would pre

The land in the vicinity of Br ackton, in which the sewage of the
arefully studied by our engineers,
ist Bridgewater, to which you have
advantage of being accessible by
mne land of favorable character;

city may be purified, has been c
The Matfield meadows, in W<

called our attention, have the
gravitation, and they include
but they are subject to overflow, and are composed of river silt,
very variable in its character, covered in considerable part by
muck, which will allow but little more water than the ordinary rain-
fall to percolate through it. These meadows, and all adjoining
land that can be reached by gravitation, would bo entirely inade-
quate for purifying the sewage of the city without lowering the
river, and thorough under-draining, at large expense, and even
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then we cannot rely upon a satisfactory result. We do not advise
the selection of this tract.

Land to the south of the meadows in West Bridgewater, which
would require pumping to the height of about fifty feet, presents
much more favorable material and in sufficient area; but it is
covered with woods and presents a broken surface. The expense
of clearing, grubbing and grading would be greater than with
other tracts otherwise more favorable.

The muster-field and adjacent area, amounting to 240 acres,
may be reached by pumping the sewage through an iron pipe,
about 16,000 feet long, to a height of fifty feet. The for-
mation here is favorable for the purification and disposal of
sewage. The surface is comparatively even and flat, and, to
a large extent, free from woods and brush; the material is
open, being fine and coarse sand of fairly even grain, overlaid
by loamy earth, and the water-table is from four to twelve feet
below the surface. Very fine sand and hard pan are found at
some points beneath the coarse sand, and under-draining will
be required. This area is ample for the future disposal of the
sewage of Brockton, Easton and West Bridgewater; and, in the
judgment of this Board, it is, in topography, in character of; ma-
terial, depth to quicksand and water, distance from habitations,
compactness and availability, the best place to dispose of the sew-

age of Brockton. Objection has been made to the use of this
tract by the city of Brockton because it does not lie wholly within
the limits of the city ; this objection is based upon a principle that,
in the judgment of this Board, cannot be applied in this Common-
wealth. It is as impracticable as to require a city to be limited to
its own area to obtain its drinking-water. In the present case
there are seventy-two acres of the muster-field area of good qual-
ity within the limits of Brockton ; this area would, in the judgment
of this Board, serve to purify 1,000,000 gallons of sewage daily
by intermittent filtration, and it may prove sufficient for 2,000,-
000 gallons of sewage. There are in addition to this area, across,
or on the easterly side of the stream, three tracts of land, contain-
ing in all fifty-two acres, not so well adapted to the purpose as the
muster-field; neither the surface, the material, the level of the
water-table, nor the remoteness from habitations are so favorable,
but it may serve for purifying 750,000 gallons of sewage per day.

We conclude that the best place to dispose of the sewage of
Brockton is upon land in the muster-field area, including seventy-
two acres within the limits of Brockton, and as much more for
future use in the towns adjacent; because the disposal can be made
there at less cost and more satisfactorily, and because fewer
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people will be injured or inconvenienced than at any other place;
but that, if the desired area beyond the city limits cannot at
present be had, the area of 124 acres above-mentioned within the
city limits may be adopted.

The Board of Health has not thought it necessary to urge upon
the city of Brockton the adoption of a proper system of sewerage,
because all of those representing the city who have communicated
with the Board, and the action of the city government in taking
advanced ground in endeavoring to start with the best possible
plan for the future health of the community, have indicated the
general appreciation of the urgent necessity of a proper system of
sewage disposal; and we think it necessary to add but one point
resulting from our investigations at Brockton, viz. : that the early
adoption of a system of sewerage is demanded, not only for the
improvement of the sanitary condition of the city, but for the re-
moval of the present pollution, now quite serious, and the preven-
tion of still further pollution of the stream flowing through the
city, which contributes to the water supplies of the State farm at
Bridgewater, and of the city of Taunton.

Should the city desire more definite information in regard to the
ability of the material at the muster-field to purify sewage, and
will send fifty cubic yards of it, selected by the engineers of the
Board and of the city, to the experimental filter station at Law-
rence, the Board will have sewage applied to it daily, and de-
termine how much sewage can be thus applied to an acre, without
nuisance at the surface, and with an effluent suitable to flow into
a drinking-water stream.

Ware. The Eoad Commissioners of the town of Ware,
early in 1887, applied to the State Board of Health for the
advice of the Board relative to the sewerage and sewage dis-
posal of that town. After certain preliminary advice had
been given relative to methods of procedure, plans were
presented to the Board Feb. 25, 1888, and the Board at its
next meeting replied as follows :

In reply to your communication, submitting revised plans for
the sewerage of Ware, the State Board of Health recognizes the
care which has been taken to provide the best system of sewerage
for the town of Ware, and approves, generally, the plans and re-
port presented Feb. 25, 1888, subject, however, to the following
Criticisms :

The discharge of storm-water into the canal leading to the
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works of the Geo. S. GilbertManufacturing Company is approved,
only upon the condition that the said company does not object.

The storm-water sewer from the Aspen Street district appears
to be too small; and, when enlarged, it will probably be cheaper
to connect it with he sewer at the foot of North Street, and pro-
vide a larger main from this point to the river.

Some minor features of importance as matters of detail, but not
affecting the general system, would have been examined and re-
ported upon had not your consulting engineer informed us in his
letter accompanying the plans that he should advise some slight
changes, which, to avoid delay, had not been made before sub-
mitting the plans, and that an answer from this Board was de-
sired before the March town meeting.

Haverhill. The authorities of the city of Haverhill hav-
ing applied to the Board for its advice with reference to the
sewerage of a certain district in that city, in the neighbor-
hood of Little River, the Board replied as follows :

The Board approves the general features of the proposed plan
for preventing the discharge of sewage into Little River, but would
suggest the following changes, if they are found to be feasible,
after examinations and plans have been made by your engineer:
First, that the dry-weather flow of the Emerson and Merrimack
Street sewers be diverted to the main intercepting sewer on the
westerly side of Little River; the present outlet of these sewers
to be retained for the discharge of storm-water, and the proposed
outlet to the Merrimack not to be built. Second, that the dry-
weather flow from the main intercepting sewer be carried out into
the river by a submerged pipe or pipes.

Winthrop. The town of Winthrop, by its selectmen,
requested the advice of the Board, in 1886, relative to a
separate system of sewerage fora part of that town, the plan
involving the disposal of its sewage into the outgoing tide
upon Winthrop Bar, at a distance of one thousand feet from
the shore.

The plans, “ presenting unusual features, were the sub-
ject of much consideration by the engineers and members of
the Board. The Board advised several changes in details,
chiefly those relating to the sanitary features of the scheme;
but, with these changes made, they approved the scheme of
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sewerage as one well adapted to the present condition of the
town, and capable of meeting its needs for several years to
come.” [lBth Annual Report of Board, 1886, p. I.]

The town subsequently submitted a different plan, provid-
ing for discharge of the sewage near the inland shore of the
peninsula into Snake Island channel. The Board expressed
its disapproval of this method in the following reply :

By report of this Board, made to the town of Winthrop in
November, 1886, it will be seen that the Board concluded that the
best place to dispose of the sewage of the town would be into
Shirley Gut, but that the expense caused by the necessary pump-
ing would be too great for the town at present, and the Board
approved a less expensive method of disposal.

The scheme now proposed, as understood by the Board, is to
pump the sewage and discharge it into Snake Island channel inside
of Point Shirley.

If the sewage is to be pumped, it can be conveyed to Shirley
Gut at less expense than to Snake Island channel, and Shirley
Gut is much preferable as a place of disposal; hence, the Board
does not approve of the plan proposed.

Pittsfield. The Fire District of Pittsfield having peti-
tioned the Legislature for authority to construct a system of
sewerage for that town, the method of disposal to be submitted
to the approval of the local board of health, the question was
finally referred to the State Board under the provisions of
the general Act of 1888. The advice of the Board being
requested upon the subject, since the question involved to
some extent the interest of other towns situated upon the
Housatonic River, below Pittsfield, a public meeting was
granted at the town hall in Pittsfield on April 20, 1888, and
the towns interested were notified. The town of Pittsfield
was represented by its committee on Sewers and its Board
of Health and other citizens, and the towns of Lenox and
Lee were also represented. Special reference was made at
this hearing to the prevalence of malarial fevers along the
banks of the Housatonic River below Pittsfield, and the pos-
sible effect of the sewage upon the prevalence of the disease.
Objections were urged by Lenox and by Leo to the direct
use of the river by Pittsfield for its sewage disposal. On the
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other hand, the town of Pittsfield urged the necessity of
immediate relief in the form of some outlet for its sewage,
certain districts, like that about Silver Lake, into which the
sewage of the jail overflows, requiring special attention. The
Board gave the following reply :

The State Board of Health, in response to the application for
advice made by the committee on the Jail Sewer of the Fire Dis-
trict of Pittsfield, dated Feb. 1, 1888, has carefully considered the
subject of the disposal of the sewage of Pittsfield, has by its
members and its engineers examined the locality, and has given a
hearing at Pittsfield to the authorities and others of this town
and of other towns interested, and now presents the following
advice :

Pittsfield Fire District is supplied with water, and as a necessary
consequence must be supplied with sewers. Malaria has in years
past appeared upon its borders, indicating that some of the con-
ditions there exist by which it may be induced to become perma-
nent, and it is necessary that the inhabitants of the valley should
take all reasonable precautions to prevent its recurrence. The
authorities, as well as the intelligent citizens, believe that it is
dangerous to the health of the community to turn the sewagC into
the river above the mill-dams, for they find the mill ponds become
foul with deposits of filth ; and they have wisely concluded to con-
tinue their discharging sewers down the valleys to points below
the lowest dams in the town.

The inhabitants of Lenox, the next town below on the river,
are concerned lest the sewage which is to be poured into the river
below the mill-dams in Pittsfield may contaminate the water, and
cause foul deposits iu the long mill-pond, which extends nearly
the whole length of their town, and on the borders of which malarial
fever has prevailed in past years.

The possibility of such a result certainly deserves careful con-
sideration. Such a result is evidently more remote than the
experience of Pittsfield has proven to exist where sewage and
other refuse have been poured into its own mill-pond, because it
is distributed over a larger area, and becomes diluted by the several
streams of pure water which flow into the river in this nine miles
of its course. By comparison with other rivers of the same quan-
tity of water, into which are poured sewage and refuse from a
population similar to that of Pittsfield and its vicinity, it is evident
to this Board that the time is not far distant when this river will
become so polluted that it can no longer be allowed to receive the
sewage of Pittsfield.
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The State Board of Health advises the Pittsfield Fire District
to have a careful examination made by a competent engineer, that
he may select the most desirable tract of land of about one hun-
dred acres for a filtering area, to which the sewage of the town
may be pumped when it becomes needful.

That main sewers, properly proportioned to take all of the sew-
age of the thickly settled parts of the town, be designed to con-
vey the sewage to a common point, from which it may be pumped
to the filtering area. Plans of such main sewers being presented,
the Board will advise the Fire District as to the scheme in general,
and as to the place where temporary outlets may be made into the
river.

The Fire District can then, as it becomes necessary, construct
its sewers from time to time in accordance with the general plan,
and avoid rebuilding expensive work.

It is evident that in the proposed sewer discharging below Van
Sickler’s dam, a large expenditure is to be made in the long, deep
cut near the lower end.

It may result from the investigation and design for the complete
system which is advised, that this section will be essentially modi-
fied and the cost decreased; while, if it should be constructed as
is now proposed, it may prove unfitted to form a part of the com-
pleted work, and be in future abandoned. As the specific ques-
tions asked by the Fire District can, in the view of this Board, be
answered satisfactorily only in connection with the general plan
herein proposed, their answer is deferred until they shall have
received such plan.

Framingham. Under the authority of a special Act of the
Legislature (chapter 493, Acts of 1887), the town of Fram-
ingham was authorized to introduce a system of sewerage,
the method of lisposal to be approved by the State Board of
Health. In accordance with the provisions of this Act, upon
application from the town of Framingham, the Board gave a
public hearing, after due notice as required by the Act, at
which the towns of Framingham, Natick and other adjoining
towns upon the Sudbury River, and also the city of Boston,
were represented. The Board visited the proposed location
of the field for sewage disposal, and after careful examination
by its engineers of the plans presented by the town, gave the
following reply :

In response to the application from the town of Framingham, of
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March 1, 1888, giving notice of their intention to introduce a sys-
tem of sewerage, and asking advice as to the best practicable method
of disposing of their sewage, and approval of the plan presented
pursuant to chapter 493 of the Acts of 1887, the State Board of
Health, afterfourteen days’ notice by publication in the newspapers
of Framingham and Natick, and official notice in writing to the
selectmen of the town of Natick of the presentation to it of such
system for its approval, gave a public hearing at the State House
in Boston, on the 24th day of April, to all interested in said sys-
tem ; and after careful examination of the plans presented, and of
the proposed location of grounds for sewage disposal, and their
surroundings, both by personal examination and by its engineers,
this Board approves of the disposal of the sewage of Framingham
by irrigation and intermittent filtration, upon the tract of land
containing sixty-eight acres, selected by the town, which is located
in the towrn of Natick, on the northerly side of the Worcester
turnpike, and outside of the Boston water-supply basin.

As the method of disposal of the sewage upon this tract is not
presented by the town with suflicient clearness to enable this Board
to approve or disapprove of the same in detail, the Board there-
fore approves the system as modified and amended as follows:
The sewage should be applied to so much of the surface of the
tract of land as is more than four feet above the level in summer
of the water in the brook draining the tract; and at or near this
height, on the slope toward the brook, and near the lower border
of the tract upon which sewage is to be applied in those sections
not sloping directly towards the brook, there shall be constructed
an embankment of earth, at least one foot high above the
adjacent surface to which sewage is to be applied, and four feet
wide, which shall at all times be maintained at such height as to
prevent any sewage applied to the surface from flowing over the
surface of the ground into the brook or on to adjoining land; and
the Board further amends, by directing that the top of the under-
drains to convey effluent from the filtration or irrigation areas shall
be not less than four feet below the surface of the ground to which
sewage is applied ; and the Board further amends by directing that
the quantity of sewage to be applied to any filter-bed or irrigation
area shall not exceed in any week the equivalent of one foot in
depth over the whole area of that bed or irrigation area to which
it is applied, and the times of application shall be so arranged that
no liquid sewage shall remain exposed upon the surface or in open
ditches more than twenty-four hours at a time. It is understood
that the receiving reservoirs are to be completely covered, and be
ventilated by flues extending to the flue of the chimney of the
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pumping station, and that both reservoirs and pumping station are
to be located within the town of Framingham.

As herein modified and amended, the proposed system of sewage
disposal and its location are approved.

Westfield. The town of Westfield, through its com-
mittee on sewerage, applied to the State Board for advice in
regard to a proposed system of sewerage, and the Board,
after examination of the proposed system, replied as
follows:

The plan presented recommends definitely that the main sewer
for the northwestern section of the town should pass through Elm
Street and discharge into the river a short distance below the dam.
To this plan the Board finds serious objections, in that such outlet
would be at a point in the river where, in the great freshet of 1878,
the water of the river stood at such height that it would back up
through the sewers and turn the sewage into the cellars of a large
section of the town; and that an outlet for this section, quite as
favorable as regards expense, can be found farther down the river,
where the water in the great freshet stood at a level five feet below
that at the proposed outlet.

The plan presented suggests two other main sewers to serve
other districts of the town, but these were not definitely recom-
mended, as the information at hand was considered insufficient.

The time may come when it will be necessary to withhold the
crude sewage and subject it to some purifying process before dis-
charging into the river. The Board does not see immediate
demand for such purification in this case, but would advise giving
consideration to such future demand in designing the new system.

The conditions of the town are such that it is probable that the
storm-water of large areas can be conveyed directly to natural chan-
nels where it will never give offence, and the sewage can be con-
veyed in small pipes to suitable outlets, more satisfactory than by
first polluting the storm-water by sewage, and trying to remove
the whole to an unobjectionable outlet.

The question, to what extent the sewage should be kept separate
from the storm-waters, demands a careful investigation, taking in
view the future disposal of the sewage and the comparative cost.

Considering the information furnished by the great freshet, the
growth of the town in the fifteen years since the present plan was
made, the experience that has been gained with reference to the
separate system of sewerage, and the limitation to the pollution of
streams, which consideration of the public health is imposing more
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and more as the population of the State increases, the State Board
of Health recommends that you have the question of the sewerage
of the town reconsidered upon the general basis herein presented,
and new plans made by some engineer skilled in this kind of work.

The town has adopted the recommendation of the Board
so far as to employ an engineer to report a plan of sewerage
upon the separate system, and the report is under consider-
ation by the town.

Quincy. The town of Quincy, through its committee on
sewerage, requested the advice of the Board with reference
to the best method of disposing of its sewage, and the Board
replied as follows :

The disposal of the sewage of the main village and the southern
and western sections of the town into Weymouth Fore River, is
.approved by the Board.

It now appears that the best point of discharge is into the
channel under the bridge by a pipe having its end below low-water
mark. The exact location of the outlet at the Point, however,
should be definitely determined only after the currents have been
ascertained by observing the course of floats at all stages of the
tide.

The discharge of sewage from the low district north-east of the
main village, referred to in the report of Mr. E. C. Clarke, includ-
ing less than one hundred acres, into the head of Town River Bay,
is permissible, provided the amount of sewage discharged there is
limited to the ordinary sewage that may be expected from this
low area.

The Board, from present information, thinks it preferable that
the sewage from Wollaston and Atlantic should be carried to a

low-water channel in Quincy Bay, about three thousand feet from
the shore, rather than into Neponset River ; and advises the town
to have the necessary examinationsmade to determine the currents,
the cost and efficiency of sewer systems connecting with each of
these outlets.

The Board does not advise the disposal of the sewage at Hough’s
Neck.

Any information which the engineer of the Board may have
obtained in this examination will be placed at the service of the
town.
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Northampton. Under the provisions of chapter 354 of
the Acts of 1888, the city of Northampton was authorized to
construct a system of sewers. The Commissioners of Sewers
requested a conference with reference to certain questions
relative to its sewerage and sewage-disposal. The Board
was represented at this conference, and on examining the
plans and proposed location, replied to the application of the
Commissioners as follows :

"We find that this Board cannot approve any system of sewage-
disposal for any part of the city of Northampton, except acting
under chapter 354, Acts of 1888, which makes it the duty of the
Sewer Commissioners to first adopt a system for the said city.

Upon receiving application from the commissioners for a con-
ference, the chief engineer of the Board of Health visited North-
ampton, and has made to the Board the following suggestions
which result from his examinations there, and which we transmit
for your consideration :

“With regard to what the city ought to do, I will suggest that
it should have the question further investigated, with the view of
carrying the sewage to the Connecticut River, or to some high,
porous portion of the meadows, well away from habitations, or to
some porous upland. This would apply not only to Northampton
village, but to the other villages. Even if it were decided to go
to the river, purification of the sewage might be required in the
future, owing to the increasing demand for pure streams ; and the
contingency should be kept in view in the present Vork.

“ The villages up the river, and the portion of Northampton
village which drains directly into the river, are so situated that
the separate system would probably be the most efficient and
economical, owing to the fact that the sewage will have to be
carried long distances to a suitable outlet, or disposed of upon
land.

“The system to be adopted for that portion of Northampton
village which naturally drains through the King and Market Street
brooks, near the railroad, is more difficult to determine, and can
probably be settled only after estimates have been made of the
cost of three different schemes, taking into account the sewers and
covered brook channels already built.

“ These schemes are
“ 1. The separation of the sewage from the street and brook

water.
“ 2. The combined system, with medium-sizedmain sewers, and
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largo covered channels for the brooks, with overflows from the
former into the latter.

“ 3. The combined system, with large main sewers of sufficient
capacity to carry the sewage, street and brook water.
“ In devising these schemes the feasibility, from both an en-

gineering and a legal standpoint, of diverting a part of the brook
water at the N. 11. & N. R.R. in a northerly direction to the Con-
necticut River, should be determined and taken account of.

“The separate system for this portion of the town would have
some advantages in diminishing the size of the main sewer from
the mouth of the brooks to the Connecticut River, and as this
sewer would necessarily have a light grade, it would be much more
easily kept clean with such a system. Should the brooks be in-
tercepted, the amount of gravel brought to this sewer might be so
great as to obstruct it. In the event of the disposal upon land,
the advantages of the separate system are obvious.”

Since there appeared to bo special need of relief for a
certain district of the city in the shape of a storm-water drain
to carry away the water which has frequently flooded that
section, the only means then in use being a conduit of
insufficient size, a plan was presented to the Board by the
Sewer Commissioners having reference to the district in
question, and the Board replied as follows :

The Board of Sewer Commissioners of Northampton, by their
engineer, presented on the 25th of September a plan for a storm-
water drain running through State Street northerly to Connecticut
River, to convey storm water permanently for an area of three
hundred acres and to take temporarily the sewage which comes
from the sewers which it now intercepts, but it is definitely stated
by the engineer of the commissioners that all the sewage now to
enter this drain is to be cut off and otherwise disposed of by a
system of sewers which the commissioners are now preparing, to be
hereafter presented to the Board.

Such disposition of storm water and surface drainage is satis-
factory to the State Board of Health.

An alternative plan was spoken of by the engineer of the Com-
missioners, though not presented fully. It was understood to be
a large sewer running southerly from the thickly settled part of
the city to Mill River, and to take, for the present, the storm
water from a large section, and a very large part of the sewage of
the thickly settled part of the city. The consideration of the
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disposal of so much of the sewage of the city for an indefinite
time, appears to this board to come properly under the Act creating
the Board of Sewer Commissioners, and we see no way of entering
upon it except by the method prescribed by that Act.

Lenox. The town of Lenox, finding its method of sow-
age-disposal entirely inadequate to the wants of the town,
appointed a Committee on Sewerage and applied to the State
Board for its advice with reference to a method of disposal
upon the easterly slope of the town upon land west of the
Housatonic River. The Board, after considering the plan,
replied as follows :

Upon considering the plan for the disposal of sewage, presented
by the town of Lenox, the State Board of Health finds that the
town has purchased about twenty-three acres of land upon which
to dispose of about three-fourths of its sewage, and has already
expended considerable sums in building main sewers to this tract,
and in preparing the tract to receive sewage.

The material of this tract appears to be very unfavorable for
filtering sewage, being permeable by a very small quantity of
water and of air; aud, had application been made to this Board
before much work had been done, which is applicable only to this
tract, the Board would have advised seeking a tract better adapted
to the purpose. It is, however, possible, that by thorough uuder-
drainage, this tract may be made to take care of all of the sewage
which may come to it. In the present condition of affairs, it ap-
pears best to try this tract by preparing as much area as is deemed
necessary to filter the sewage immediately to be disposed of; and,
if it proves unsatisfactory, to seek better material north of the
road leading from Lenox to the railroad station, or across the
river, or elsewhere.

The details of the filtration area construction have not been
fully presented, and, consequently, no judgment is expressed upon
them. There is, however, presented upon the plan a direct con-
nection, controlled by a gate, between the main sewer from the
town and the main underdrain leading to the river above the dam.
This arrangement, presenting so ready a means by which a negli-
gent manager of the filtering area could discharge the crude
sewage of the town directly into the mill-pond, should not be al-
lowed.

Foxboeough. The Selectmen of the town of Foxborough
applied to the State Board with reference to the disposal of
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its sewage, either into the Neponset Reservoir Pond or into
Robinson’s Brook, in that town, to which the Board made
the following reply :

In response to the application of the town of Foxborough for
advice in regard to the disposal of sewage, the State Board of
Health advises that the sewage of the village should not be dis-
charged into Neponset Reservoir nor into Robinson’s Brook.

It is understood that a water supply will probably be introduced
before many years, when a sewerage system will be required for
the whole village, and the Board of Health advises that the town
have prepared a plan of sewers for the village, sucli sewers to be
of small pipes, to be used only for the conveyance of sewage, the
storm water to be discharged into the natural channels, and the
sewage to be conveyed to a suitable tract of land to the south of
the village to be selected by your engineer, where by intermittent
filtration the sewage may be treated without offence.

Howland Mills Corporation. This corporation islocated
near Clark’s Cove, in New Bedford, and applied to the Board
for its advice with reference to the disposal of its sewage,
principally that from a group of tenement houses, to which
the Board replied as follows :

Two plans of sewerage for the Howland Mills Corporation have
been presented by them for advice; one, a separate system,
another, a combined system, both discharging into Clark’s Cove
at the level of low water.

It appears that the immediate expense attending the separate
system wall be much less than that for the combined system ; and,
that before the time when the large sewers of the combined sys-
tem will be used to their full capacity, the public welfare may
require that sewage should be carried farther from the shore or
excluded from a cove having no stronger tidal currents than Clark’s
Cove.

The State Board of Health advises that the separate system be
adopted, both for the saving of present expense and the avoidance
of future expense, greater than necessary, should changes in the
disposal of sewage be required in the future.

Charlemont. Citizens living in the village of Charle-
mont were desirous of constructing a sewer to relieve their
premises of the bad drainage from which they were suffering.
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The householders seeking relief were few in number and
lived in that part of the town situated east of Mill River.
Application was made by them to the Board for its advice
x’elative to the disposal of their sewage into Mill River, and
the Board, after examination of the premises, made the fol-
lowing reply to their request;

Your application to this Board for its advice in regard to the
disposal of sewage from a portion of the town of Charlemont, situ-
ated east of Mill River, has been received and considered by the
Board, and, in consideration of the comparatively small amount
of sewage to be contributed by the proposed sewer, as compared,
with the daily flow of Mill River, and also in consideration of the
almost daily flushing of the river below the dams, the Board
approves the plan of discharging the sewage at the bridge, pro-
vided its outlet shall be so constructed as to be constantly under
water. Such method of disposal should be considered as a tem-
porary method, since, in case of a considerable increase of the
population of the district in the future, it may become necessary
to carry the outlet to the Deerfield River.

Newburyport . The authorities of Newburyport having,
through their engineer, devised two plans for their sewage-
disposal, applied to the Board for its advice, to which the
Board replied as follows :

In response to the application, dated Oct. 22, 1888, of the city
of Newburyport, by its Sewerage Committee, for advice as to
the best practicable method of disposing of its sewage, the State
Board of Health has considered the general features of the two
plans submitted, has caused examination to be made upon the
ground by its chief engineer, and hereby transmits its approval of
the general features of the plan providing for the interception of
the sewage by a sewer parallel with and near the Merrimack River,
and for the discharge of the sewage into the main channel oppo-
site the lower portions of the city.

Clinton. The town of Clinton through its Road Com-
missioners requested the advice of the Board with reference
to its sewerage and sewage disposal, as stated in the Nine-
teenth Annual Report of the Board, page 18. The Board
recommended that the sewage be purified before the elllucut
bould bo admitted to the Nashua River
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Information was subsequently received that the town was
constructing sewers which would admit its sewage to the
river without such purification. The Board, therefore,
requested information from the town authorities as to the
truth of the statement.

The towTn of Clinton is placing large sewers in certain of its
streets and perhaps placing new ones in a few others.

It is intended that these sewers shall empty where other like
sewers have emptied in the past, to wit: into the Counterpane
Pond in Clinton, Mass., far from the Nashua River. The
waters of this pond eventually get to the Nashua.

This method of drainage and disposition of sewage has been
in vogue since the incorporation of the town. The sewers are so
few in number that no main sewer is contemplated.

I ought perhaps to add that the town of Clinton never author-
ized any one to consult your Board under the provisions of
chapter 274 of the Acts of 1886, but nevertheless is disposed to
do everything in the disposition of its sewage that progress
demands or science sanctions, and would be pleased to adopt any
known practical method of purification, but is nevertheless indis-
posed to experiment for the benefit of others with a matter that
has thus far found no satisfactory solution.

The following municipalities have also submitted applica-
tions for the advice of the Board relative to sewerage and
sewage disposal, which are still under consideration: Win-
throp and Gloucester.

The following reply was received from the solicitor of the
town of Clinton :

No action has been had by the Board since the receipt of
this letter; but it seems proper to report the matter to the
Legislature.
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The regular monthly chemical examination of the water
supplies of the State was begun in June, 1887. A brief
account of the character of this work was given in the report
of the Board last January. It has now been carried on for
nineteen months, and is still in progress. The results,
which have been tabulated in the Appendix,* are of the
highest value. The information which is there given regard-
ing the changes in the character of surface waters in dif-
ferent seasons of the }’ear, and under various conditions of
temperature and rainfall, could have been obtained in no
other way. Occasional examinations of the waters of rivers
and lakes may fail to detect essential peculiarities of charac-
ter and change, which a regular and systematic examina-
tion of the waters, covering a long period, will be sure to
reveal.

The methods of analysis employed will be found in the
report of the chemist in charge of the examination of the
water supplies, together with a discussion of the subject
of the interpretation of the results obtained.

These tables, in the Appendix, contain under each water
supply, in addition to the chemical analyses of the water,
month by month, the statement of the most prevalent forms
of animal and vegetable life, as far as they have been deter-
mined, and a general description of the source of the
supply. They are valuable not oidy for the information
which they give as to the character of each supply during
the months in which they have been examined, but for the
important information of a general character which they

n.
EXAMINATION OF WATER SUPPLIES.

* The detailedresults of examination of the several water supplies of the State,
and of the results of experiments upon filtration of sewage, make a volume so large
as to be unsuited for this document; they have therefore been committed to an
Appendix, whose publication has been deferred until that of the general Report of
the Board.
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will reveal, when studied as a whole, with regard to the
nature and composition of waters under varying conditions.

Some of the information gained by this study will appear
in the following considerations : Surface waters, including
the flowing water in streams and the still waters of lakes
and reservoirs, contain matter of vegetable and animal
origin in solution, and also carry in suspension animal and
vegetable organisms, which go through the usual changes
consequent on life, death and decay. In the chemical
analysis of these waters we determine the nitrogen of the
organic matter in four forms, namely, ammonia, albuminoid
ammonia (or organic nitrogen), nitrous acid and nitric acid,
and thus learn whether the organic matter is in a stable
condition or whether it is undergoing change. Subsequent
examinations of the same sample of water, at intervals of
several days or weeks, tell us, also, of the rate of change.
We have no certain and simple means of knowing whether
the nitrogen in any of these forms had a vegetable or animal
origin, for both vegetable and animal nitrogenous matters
go ultimately through the same series of changes. Further,
we do not certainly know under what conditions animal or
vegetable matter in the process of change is injurious to
health; but so much experience has taught, namely, that
there is danger in using water for drinking which has
received sewage or the waste products of human life. It
is to the detection of such contamination that the present
investigation is mainly directed.

The methods employed for this purpose are more or less
indirect. When the pollution is considerable there is no
difficulty in recognizing it. This is well shown in the
examinations which were carried out in the fall of 1888 on
the Nashua, Iloosao and Housatonic rivers, and shown on
the map of these rivers in the Appendix. The entrance of
sewage into the streams was indicated promptly by the rise
in the chlorine, free ammonia and the nitrites. As the
water flows onward the ammonia and nitrites gradually dis-
appear, but the chlorine remains. Further investigations of
this character were prevented by the heavy rains of last fall.
They will be resumed next summer and fall when the con-
ditions are favorable.
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In any isolated examination of the water of a river or
lake it is impossible to say whether it has received injurious
pollution (except in extreme cases, like, for instance, the
Blackstone River at Worcester), unless the normal composi-
tion of the water is known. The analyses of the unpolluted
waters of Massachusetts show a great variety of composition
in respect to their content of nitrogen, and it is manifestly
impossible to apply to them all one standard of purity based
on the amount of nitrogen they contain. We have, for
instance, deep-brown, swamp waters, holding a large quan-
tity of vegetable matter in solution, and pond waters with
large quantity of living algpe suspended in them; and, again,
colorless waters of ponds, with but very little organic mat-
ter in suspension or solution.

Waters of the first two classes are in use as regular water
supplies, as well as the last, and although far from being
chemically pure, they are not, as far as we know in this
State, unhealthy. If we are now asked to say whether a
particular surface water is contaminated with drainage, we
must know what is the composition of the water normally,
or, if we cannot ascertain this, what is the composition of
some surface water, which we know to be unpolluted, in the
same locality, under the same conditions. In other words,
we must have a special standard of comparison for each
water. Further, the water from the same lake or river dif-
fers at different times of the year, and also in wet and dry
seasons, which involves the further necessity of knowing the
influence of these varying conditions. The more complete
the record of the analyses of the waters of the State, the
better are we able to judge what is their normal character.

An interesting practical illustration of this method of
comparing waters with normal standards is shown in the
“map of normal chlorine” given in the Appendix. On
this map is marked the content of chlorine in the unpol-
luted surface waters of the State. It will be seen that the
amount in the extreme western part of the State is about
0.08 parts in 100,000, and that, as we advance eastward, the
chlorine gradually increases until it reaches one part per
100,000, or more. The amount of chlorine normally present
in these surface waters is thus shown to bear a direct relation



30 WATER SUPPLY AXD SEWERAGE. fJan

to their proximity to the sea. The presence of chlorine in
any water can, therefore, be regarded as presumptive evi-
dence of pollution by sewage, only when it is in amount
greater than the normal of its region. If, at the same time,
it has high free ammonia and nitrites, the presumption
amounts almost to proof.

The “self-purification” of waters, which have been pol-
luted by sewage, has long been recognized by chemical in-
vestigation, but there is still a difference of opinion whether
a water once polluted ie ever safe to drink. In this connec-
tion it is important to distinguish between the purification
which goes on in the pores of the ground, when surface
water filters through the soil, and that which goes on in
streams and ponds. In the former case the organic matter
is, under favorable conditions, completely oxidized, and we
have, as the result, a water which contains no organic matter
and no organisms. In surface waters there is also oxidation
to a certain extent, but this action is subordinate in impor-
tance to the growth of new life out of the decay of the
old.

In ground waters, therefore, we have a simple standard of
purity, namely, complete freedom from organic matter and
from the intermediate products of its oxidation, while in
surface water we may have more abundant life as the result
of pollution. In the latter case, we can only form an
opinion of the fitness of the water for drinking from the
condition of the nitrogenous matter, whether or not it is
in a state of putrefactive change. This we recognize by the
presence of free ammonia and nitrites. In most unpolluted
surface waters the compensation between the living and the
dead organic matter is such that the products of decom-
position do not accumulate, but are immediately assimi-
lated by new growth. This has been experimentally proved
in the laboratory by adding living algte to water which has
been polluted by sewage and other decomposing animal
matters. There can be no doubt that this growth of plants
is as really a process of purification as that of direct
oxidation.

Occasionally the balance between growth and decay
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becomes disturbed, and the intermediate products of change
manifest themselves. In the winter months it is not uncom-
mon to find the free ammonia very high in surface waters, in
which, during the warmer months, it is entirely absent.
Whether this has any sanitary significance, in waters known
to be unpolluted by drainage, is a matter for further
investigation.

The question of the fitness of a water for drinking may be
said, in a general way, to rest, first, on the presence of
specified germs of disease, and, second, on the presence
of substances more or less injurious to health, which are
formed in the process of the change of organic substances.
Of the first-mentioned kind of pollution, chemical investiga-
tion gives us no clue; and it is because it is feared that
these germs may not be destroyed in the usual natural proc-
esses of purification in surface waters, that many claim that
it is unsafe under any circumstances to use a water which has
received sewage. Of the second kind of pollution, namely,
that which depends on the presence of products of change,
we can speak with some confidence, since the process of
change is one that manifests itself by the formation of inter-
mediate nitrogenous products that we can readily recognize
by chemical means. The analyses of the waters of the
rivers, above mentioned, afford a good illustration of the
recognition of pollution by means of these intermediate
products. Of an altogether different character is the brown
coloring matter of many surface waters. This has been
found to be but very slightly disposed to change, not-
withstanding the fact that it is often highly nitrogenous.
Leaving out of consideration the question whether this color-
ing matter is of itself undesirable in a drinking water, it can
be safely said that it does not involve the processes of decom-
position which we always associate with an unwholesome
water.

The continuation of the systematic investigation of the
waters of the State, it is believed, will be productive of valu-
able information concerning the relation of water supply to
the health of the community.
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The experiments upon filtration of water and sewage at
the Lawrence experimental station have been continued by
the Board throughout the year with very satisfactory
results, giving additions to the knowledge of the world
upon the subject of filtration, and showing, upon a scale
large enough to approximate to the conditions of actual
practice, the practicability or impracticability of methods
heretofore deduced from laboratory experiments.

These results are elaborately presented and discussed in
an appendix prepared by Mr. Mills, a member of the Board,
who has had these experiments under his immediate charge.

Some of the general results only will be presented here.
Sewage can be much more efficiently filtered through

open sand than through sand covered with soil. Yery fine
material, like dust, in the upper layers of a filter, prevents
free access of air, and, when wet, may exclude air so com-
pletely as to render purification impossible. With soil or
sand containing dust at the surface, periods of intermission
in the application of sewage may be made so long that the
surface, becoming dry, may allow air to enter, and a high
degree of purification may result; but the quantity of sew-
age that can thus be purified is very much less than when
the upper layers of the filter are composed of open sand,
through which the sewage will rapidly disappear, and will
leave room for air to enter and come in contact with the
thin laminae of liquid covering the particles of sand.

The experiments of last winter show that intermittent
filtration can be carried on upon a bed of coarse sand,
through the coldest weather, when the beds are exposed to
snow, but that the efficiency of the beds is much reduced by
such exposure and the consequently low temperature of the

111.

FILTRATION AT THE EXPERIMENTAL STATION
IN LAWRENCE.
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sewage passing through the sand. By protecting the beds
io that snow cannot fall upon them and reduce the tempera-

ture of the applied sewage to near the freezing point, the
experience of the present winter, so far, indicates that very
complete purification may be continued through very cold
weather by applying the sewage intermittently at the tem-
perature at which it ordinarily comes from the sewer. The
experiments of last winter show that, when the beds are
exposed to the snow, intermittent filtration may be carried
on through the moderate weather of winter, alternated by
continuous filtration during the colder period.

Filtering areas of sand covered with soil, or areas of very
fine sand, may be much increased in efficiency, in both sum-
mer and winter, by digging trenches in the direction of a
slight incline, about two feet deep and one foot wide and six
feet apart, and filling them with coarse sand. The sewage
should be applied to this coarse sand, and, once in a month
or two, a half inch in depth should be taken from its
surface and replaced by clean sand. In winter the trenches
should be covered with boards to keep out the snow.

The general results obtained at each of the filters will be
briefly stated. To all of them, unless otherwise stated, sew-
age was applied intermittently at intervals of one or more
days, and disappeared from the surface in a few minutes or
in a few hours.

Four tanks, filled with clean, coarse mortar sand from the
same pit, were subjected to different conditions. One of
these was exposed to the cold and snow, and, although it
received sewage daily and removed about two-thirds of the
impurities of the sewage during the very cold months of
January, February and March, when filtering at the rate of
30,000 gallons per acre per day, it is evident, from the
results in the other three tanks, which were not exposed to
frost, that the sewage entered and passed through but a
fractional part of the area of this tank ; and the x-esult is as
poor as if a much larger quantity had been applied to a like
area not obstructed by frost.

The three other tanks were supplied with sewage at the
rate, respectively, of 30,000, 60,000 and 120,000 gallons
per acre per day; and, until nitrification commenced, in the
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latter part of March, —periods of forty-one, thirty-one and
twenty-seven days respectively,—the ammonias indicated
that 97, 94 and 80 per cent, of the impurities of the sewage
were removed.

Nitrification began to increase in all of these tanks
between March 26 and 30, when the temperature of the
eiiluent was at 39° or 40°. In the course of three weeks
the nitrates had increased from 0.025 parts in 100,000 to
0.250 parts ; after which they increased much more rapidly,
and nitrification was most complete from May 6 to 10, or
six weeks after it began,—the nitrates then amounting to
from 2.5 to 3.0 pails per 100,000.

During the increase in nitrification the ammonias also
increased for a time, and became nearly one-third of those
of the sewage; but, generally, before the nitrification
reached its height, the ammonias decreased rapidly’, until
they became between one-half of 1 per cent, and 1| per
cent, of those of the sewage.

The rapidity of purification, as shown by the decrease in
ammonias, was greatest in the tanks which had received the
most sewage and had the greatest amount of nitrogenouso o o
matter stored in them, —the effluent from the sand which
had received the least sewage being more than a month later
in reaching its condition of greatest purification.

The filter receiving sewage at the rate of 120,000 gallons
per acre per day gave an effluent for three months after
purification resulting from nitrification was established, in
which the ammonias were less than 1|- per cent, of those
of the sewage. Upon increasing the amount filtered to
180,000 gallons per acre per day, the ammonias increased,
but for the next four months averaged less than 2 per cent,
of those of the sewage.

One of the filters, receiving sewage at the rate of 60,000
gallons per acre per day for seven months after purifica-
tion was established, gave an effluent of nearly constant
quality, having one-half of 1 per cent, of the ammonias of
the sewage, the free ammonia averaging 0.0012 parts and
the albuminoid ammonia 0.0105 parts in 100,000 parts,
showing less organic matter than many of the drinking waters
of the State.
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The other filter of the same material, receiving 60,000
gallons of sewage per acre per day, gave an efiluent for
three months after purification was established, having be-
tween 1 and 2 per cent, of the ammonias of the sewage,
but in the next two months these increased to 6 and then
to 10 per cent. This increase was due in part to the im-
perfect distribution of the sewage over the whole surface,
which being corrected, the percentage of the ammonias
decreased, and averaged, for December 4| per cent, of those
of the sewage.

The tank of this material, which has filtered at the rate of
30,000 gallons per acre per day, was, as stated, a month
later than the others in reaching an established condition
after nitrification became active. For the following six
weeks the ammonias of the effluent were but 1 per cent, of
those of the sewage, and the nitrates were a little more than
one part per 100,000.

At the end of this time the outlet was closed and the tank
filled with sewage, and for the next four months the surface
of the sand was kept covered with sewage, and the outlet
was opened each day sufficiently to allow the regular quantity
at the rate of 30,000 gallons per acre per day to flow out.
The filter was thus chanced from the condition of intermit-
tent filtration to that of continuous filtration. During the
first month the nitrates were reduced from one part per
100,000 to less than 0.01 part, at which they continued for
the remaining three months. The ammonias rose in the first
month from 1 percent, to IJ per cent, of those of the sewage.
In the second month they became 31 per cent., and at the
end of the fourth month were equal to those of the sewage.

This shows distinctly the radical difference in result
between intermittent and continuous filtration. In inter-
mittent filtration the nitrification was active, and, as shown
by the ammonias, 99 per cent, of the organic impurities
were removed; while in continuous filtration the nitrifica-
tion ceased, and the same sand, filtering the same quantity
of sewage, stored impurities for a time, but finally poured
out an effluent quite as impure as the applied sewage.

From these open sands the number of bacteria in the
effluent has, during the past six months, varied from 2 per
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cent, to a very small fraction of 1 per cent, of the number of
bacteria in the sewage.

A filter of very fine sand, after filtering an amount equiva-
lent to 8,600,000 gallons of sewage upon an acre, filtered at
the rate of 12,000 gallons per acre per day, giving an effluent
in which the organic matter, shown by the loss on ignition,
was but 3 per cent, of that of the sewage; and the nitrog-
enous matter, as shown by the ammonias, was but one
quarter of 1 per cent, of that of the sewage.

The loss on ignition was,
The free ammonia, .

0.5000 parts in 100,000
0.0002

*

“

The albuminoid ammonia,
The nitrates,

0.0062
0.7000

At the same time the bacteria of the sewage amounted to
591,000 in a cubic centimetre, while those of the same quan-
tity of effluent amounted to 2, and these may have come
from the air while collecting the sample.

By both chemical and bacteriological analysis this effluent
from sewage has less organic impurity than the water of
Lake Winnipiseogee, and contains but little more nitroge-
nous orgahic matter than city water filtered through the same
material a year ago.

This sand stored much impurity in the winter. Nitrifica-
tion began actively in June, and for three months appeared
to be active in removing stored impurity, so thatpurification
did not approach the completeness given above till Septem-
ber, since which time it has steadily grown more complete.

Another sand still finer than the last, having more than 10
per cent, of very fine dust and also containing nearly 2 per
cent, of organic matter (making up what is known as river
silt), gives its best results in December, after filtering in
one year 45,000 gallons of sewage, —the equivalent of
9,000,000 gallons on an acre, and while filtering at the
rate of 12,000 gallons per acre per day. The organic mat-
ter of the effluent in the first half of December was reduced
to one-quarter of what it was previously, and became but 4
per cent, of that of the sewage; and the nitrogenous matter,
as expressed by the ammonias, became per cent, of that
of the sewage.
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The loss on ignition was . . 1.0 parts per 100,000.
The free ammonia,.... 0.0800 “ “ “

The albuminoid ammonia, . . 0.0190 “ 11 U

The nitrates, 0.1500 “ “ “

The number of bacteria in a cubic centimetre of the sew-
age was 1,100,000, and the number in the effluent, 7.

The ammonias of the effluent averaged, from March to
August, 27 per cent, of those of the sewage, and from Sep-
tember to November, 11 per cent, of those of the sewage.

This material has given poor results during ten months of
the year, but has greatly improved during the past month,
when sewage has been applied once in two or three days and
rain has been excluded from the surface.

Garden soil makes a very poor filter. Upon applying
sewage intermittently to a body of garden soil five feet
deep, after the first month the organic impurities increased
continually for eight months, until the effluent became more
impure than the applied sewage. There had then been
applied 24,000 gallons, the equivalent of 4,800,000 gallons
on an acre; and it was then being applied at the rate of
10,000 gallons per acre per day. The daily quantity pass-
ing through has since been reduced to 5,000 gallons per acre
per day ; and the quality of the effluent has somewhat im-
proved, but still contains as much nitrogenous matter as
crude sewage.

The best results are the last, and are as follows

Loss on ignition, ....12.2 parts in 100,000.
Free ammonia,

.... 2.9200 “ “ “

Albuminoid ammonia, . . . 0.2900 “ “ “

Mtrates, 0.0250 “ “ 41

The bacteria number 109, while in the sewage they num-
bered 200,000.

The effluent just described has been about two months in
coming down through a depth of five feet of soil. In this time
sewage has been applied once in two or three days, and of
late the fifty gallons applied disappears in two or three hours.
This garden soil contains but little coarse material, and prob-
ably fifty per cent, of it would be called fine dust.
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A mixture of coarse and fine sand and fine gravel four
feet deep has filtered sewage for eleven months very satis-
factorily. During the cold months of February and March,
the ammonias of the effluent were twenty-five per cent, of
those of the sewage. They decreased in May to five per cent.,
and for the past six months have been continually less than
one per cent., and now are one-quarter of one per cent, of
those of the sewage. In July, after 30,000 gallons of sewage
had been applied, equivalent to 6,000,000 gallons upon an
acre, and while applying 57,000 gallons per acre per day, the
effluent had three-quarters of one per cent, as much free and
albuminoid ammonia as the sewage ; but this was too large a
quantity of sewage to be applied daily for a long period. In
August, the sameresult was obtained when applying at therate
of 42,000 gallons per acre per day. One quarter of one per
cent, was maintained through September and October when
applying 35,000 gallons per acre daily; and the same per-
centage continues through November and into December
while applying 25,000 gallons per acre daily. The final
analysis gives the following result:

Loss on ignition, .... 0.8000 parts in 100,000.
0.0000Free ammonia,

Albuminoid ammonia, . . . 0.0012 “ “ “

Nitrates, 0.7800

The bacteria of the effluent numbered 14, while those of
the sewage numbered 350,000.

The organic impurities of this effluent from sewage are
much less than those of most of the water supplies of the
State.

Another tank, having four feet in depth of material like
the last, filtered sewage with nearly the same results until
the first of September, when it was covered to the depth of
one foot with peat from Saugus marsh, well pulverized.
Upon saturating this with sewage, the quantity flowing
through became only 2,800 gallons per acre per day; and,
with the top of peat continually covered with sewage, the
quantity flowing through has decreased in three months and
a half to 1,400 gallons per acre per day; and the ammonias
are nearly equal to those of the applied sewage.
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Another tank has the lower four feet of like material
covered with ten inches in depth of yellow sandy loam and
six inches of brown soil. Comparing the results with the
filter having four feet of like material without the loam and
soil, we find this, filter with loam and soil, with the same
amount of sewage applied, stored up impurities for a longer
time; but after they reached the bottom the effluent con-
tinued during the cold months very like that of the former;
but this quality of the effluent continued much longer; and
when nitrification began, a month later than in the former,
the amount of nitrification and the consequent purification
were much less. The same quantities of sewage were ap-
plied daily to each until the middle of June, when this
effluent contained ten times as much ammonia as the other;
and the surface of this became so choked that the quantity
was reduced to about 4,000 gallons per acre. Nitrification
nearly ceased ; and, with this small quantity, the effluent was
but little better than in the cold months when seven times
as much sewage was filtered. In July no sewage was applied
for twelve days ; after which one-half inch in depth of the
soil was removed from the surface, and the quantity was
increased to 20,000 gallons per acre per day. The
impurities doubled; but nitrification again commenced and
they were reduced ; and upon reducing the quantity applied
to 15,000 gallons per acre per day, making the application
of double this quantity once in two days,—the impurities
decreased rapidly; and in the beginning of October the
effluent reached the condition which that of the other filter
without the loam and soil attained the first of June, when
twice as much sewage was filtering. During the latter part
of October and through November and to the middle of
December, when filtering from 10,000 to 12,000 gallons per

acre per day, by applications once in two or three days, the
effluent has been very nearly as pure as that from the sand
and gravel without the loam and soil, where about three times
as much sewage was filtered. The final analysis of effluent
which is the best is as follows ;

Loss on ignition 1.0000 parts in 100,000.
Free ammonia,
Albuminoid ammonia
Nitrate
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The bacteria of the effluent have, during the past month,
vailed from none to twelve: and it may be that none came
through the filter, but that the few counted came from the
air while collecting the sample.

Four tanks of material from Saugus marshes, placed so as
to present the conditions for a depth of five feet as nearly
identical as possible with those at four places on the marshes
where the depth of peat was one and a half feet, two and a
half feet, three and a half feet, and five feet, have received
sewage daily for six and seven months. The amount of
sewage that will pass through the peat is so small that they
are all worthless as filters. That in which the peat is five
feet deep has had sewage upon the surface for more than
six months, but none has reached the outlet. That in which
the peat is three and a half feet deep has had some liquid
from the sewage flowing out for more than a month, and the
impurities of the effluent increased five fold. In the two
tanks having a less depth of peat the sewage reached the
bottom earlier, and the effluent is rapidly becoming a sim-
pure as the sewage.

Experiments upon the filtration of city water have been
continued in two tanks. One of these contained coarse and
fine sand and fine gravel to a depth offour feet, overlaid with
fine sandy loam one foot deep, and a surface layer eight inches
deep, of the same quality as the lower section.

During the cold months of January, February and March,
this material filtered city water at the rate of 50,000 gallons
per acre per day, and removed three-quarters of the nitroge-
nous organic matter, as shown by the ammonias. The ni-
trates were a little less than in the water applied.

From the fifth of April, when the temperature of the efflu-
ent wT as 39° and the nitrates were 0.012 parts in 100,000,—
the same as in the applied water, they increased continu-
ally till June 5, when they became 0.080 parts, after which
they decreased for a month to 0.025 parts ; near which they
have remained for six months, in which time they have been
nearly the same as the nitrates ofthe applied water. During
the month when they were highest, from the middle of May
to the middle of June, nearly two and a half times as much
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nitrogen came out of the filter in the effluent (mostly in the
form of nitrates) as was applied in the city water. Some of
the nitrogenous matter which had been stored in the sand
during the winter was thus removed.

For the three months of April, May and June the average
quantity filtered was at the rate of 35,000 gallons per acre
per day ; and the ammonias were 42 per cent, of those of the
applied water. The quantity was then increased, and con-
tinued until the middle of November at the rate of 200,000
gallons per acre applied daily, on six days in a week, with
the resulting ammonias one-quarter of those of the applied
water.

From the middle of November, the quantity has been still
further increased to 300,000 gallons per acre, applied daily
on six days in a week, withthe
of those of the applied water,
for this period is as follows :

resulting ammonias one-third
The average of the analyses

Loss on ignition
Free ammonia,

. 0.6200 parts per 100,000,
. 0.0002 “ “

Albuminoid ammonia,
Nitrates,

).00S4

).0260

During the summer and fall
of the city water which can be
were removed by this filter.

all of the vegetable organisms
identified by the microscope
Of the bacteria, about one-

quarter as many as in the city water have been found in the
effluent, when the largest quantity was being filtered.

To the other tank of sand five and one-halffeet deep water
has been applied in much larger quantities. Water cover-
ing the sand in the tank to the depth of six inches passed
through at the rate of three hundred million gallons per acre
per day, and it is so open that after draining a short time
air can readily be blown through the whole depth of it. It
is from the same pit as the sand of the first four tanks men-
tioned above.

For three months water was applied hourly, fourteen times
a day, making a total quantity which is at the rate of four
and a half million gallons per acre per day. The amount
applied disappeared from the surface in about six minutes.

For two and a half months during July, August and Sep-
tember, the filtered water improved. The organic matter
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shown by the loss on ignition and by theammonias was about
two-thirds of that of the applied water, and the color was
entirely removed.

The bacteria were reduced to about one-eighth of those of
the applied water, and the organisms that can be identified
by the microscope were at times very much reduced ; but at
about the end of the time mentioned some species increased
day after day and soon far exceeded the number in the
applied water. Two weeks later the color of the effluent
became as deep as that ofthe applied water, and the ammonias
were nine-tenths of those of the applied water. This condi-
tion continued for a month and a half, when the quantity
applied was reduced to about two million gallons per acre per
day, at which rate it has since been continued. The result-
ing color has been about three-quarters as deep as that of
the applied water; the ammonias continue at nine-tenths of
those of the applied water, and the bacteria remain about the
same as before; but the microscopic organisms are very
much reduced.

From the results with these two tanks we conclude that
the vegetable oi'ganisms which render many waters objection-
able may bo filtered out by intermittent filtration at the rate
of 300,000 gallons per acre per day, and probably at a much
higher rate ; but we have not yet succeeded in removing
enough of them to give a satisfactory result, when filtering at
the rate of 2,000,000 gallons per acre per day.

Experiments upon rapid continuous filtration of drinking
waters have been made by the Board the results, of which
are stated in the report to the city of Brockton, contained in
the first section of this report.

Returning to the slow filtration of the tanks receiving
sewage, a very few vegetable organisms that can be identi-
fied by the microscope have been found to occasionally pass
through the coarser filters ; but in general none come through.
A few animal forms have been found in the effluent; but
these may grow in the underdrains and outlet pipe. The
question remains to be settled, whether any animal or vegeta-
ble microscopic organisms live to get through the filters of
finer material at the rate which sewage has been filtering.
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Of the still more minute organisms, the bacteria, we found
that soon after sewage was first applied to the tanks they
came through in great numbers, but became reduced in num-
ber, and during the later winter and spring months amounted
to two per cent, and less of those of the applied sewage;
but after nitrification commenced they decreased rapidly, and
continued through the summer, in many cases, less than one
hundred, and in some, less than ten, while the number in the
same quantity of applied sewage was about a million. This
result led to the question whether any of those contained in
the applied sewage during the summer came through the
filters ; and this question was referred for solution to Prof.
Wm. T. Sedgwick, whose report will be published in the
Appendix.

The experiments made under his direction to the present
time show that the number of bacteria in the sand decrease
very rapidly from the surface downward. In the finer sands
they nearly or quite disappear before the bottom is reached.
Experiments are in progress to prove whether any live to
come through the finer sands with the effluent; but they have
already shown that through the very coarse sands they are
brought with the effluent in very small numbers, with the
ordinary rate of flow from the sewage tanks, and that when
the rapidity of flow is the highest, the number of bacteria
in the effluent has reached as high as two per cent, of the
number in the applied sewage.

In some of the tanks it appears that, of the large number
of species found in the sewage, a single species only lives to
reach the outlet.

We have reason to hope that filters may be so made and
managed that all disease germs may be, with certainty, re-
moved, and think this important subject should be pursued
to definite conclusions.

Recommendations
Owing to excessive rainfall during the past two years,

there are many drinking waters in the State polluted by
sewage, which, being so much diluted, appear in our records
as of much better quality than they will be during a dry
season. The Board recommends that examinations of these
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sources be continued, as well as of others which show
peculiarities at different seasons of the year; also, that
experiments be continued upon intermittent filtration of
surface waters, to determine the conditions in which color
and objectionable vegetable growths may be removed.

The Board also recommends continuance of the experi-
ments upon the purification of sewage at Lawrence, together
with experiments upon clarification of sewage by chemical
precipitation.

For these purposes, and to make the necessary investi-
gations in order to advise cities, towns, corporations and
individuals in regard to the best method of assuring the
purity of intended or existing water supplies, and the best
method of disposing of their sewage, and to carry out the
other provisions of chapter 375 of the Acts of 1888, the
Board estimates that the sum of twenty-five thousand dollars
will be required
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