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Cfie Commontoealtf) of
Metropolitan

District Commission,

!0 Somerset Street, Boston 8, December 3, 1952,

To the Honorable the Senate and House of Representatives of Massachuits in General Court Assembled.

Chapter 86 of the Resolves of the 1951 legislative session provides for a further investigation and stud}" by the
Metropolitan District Commission of the sanitary condition of Spy Pond in Arlington, as follows:

Resolved, Chapter 37 of the resolves of the current year is hereby
amended by striking out, in lines 6 to 9, the words “the unexpended
balance of the sum appropriated by Item 8602-80 of section two of
chapter eight hundred and twenty-five of the acts of nineteen hundred
and fifty” and inserting in place thereof the words:
such sums a;
may hereafter be appropriated therefor,
and by striking out, in line
15, the words “current year” and inserting in place thereof the words:
year nineteen hundred and fifty-two,
so as to read as follows:
Resolved, That the metropolitan district commission is hereby authorized and directed to continue its investigation and study of
the sanitary condition of Spy pond in the town of Arlington authorized by chapter sixty-six of the resolves of nineteen hundred and
fifty. For the purposes of this resolve, said commission may expend
such sums as may hereafter be appropriated therefor. Said commission shall report to the general court the results of its investigation
and study hereunder, and its recommendations, if any, together with
drafts of legislation necessary to carry such recommendations into
effect, by filing the same with the clerk of the house of representatives
not later than the first Wednesday of December in the year nineteen
hundred and fifty-two.
Approved November 17, 1951
an action by the Legislature in the 1950 session for a study of Spy Pond among

Said Resolve 86 supplemented

other improvements in the Metropolitan District. The
Commission could only report briefly and inconclusively
on this earlier direction as no funds were made available
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for the investigation. It was recommended that the sum
of $5,000 be provided and that the investigation be placed
under the direction of the Division of Sanitary Engineering
of the Department of Public Health.
The funds requested were appropriated in the Commission’s 1953 budget, and an early arrangement was concluded with the Department of Public Health in order
that the work might be organized and carried on during
the warmer months of the past summer,
the best time
of the year for making this kind of survey.
The Commission engaged Dr. Henry D. Russell of the
department of biology, Boston University, and several
other aides and technicians to assist the staff of the Division of Sanitary Engineering in the field studies and
assembling of data. The over-all direction of the work
by Sanitary Engineer Edward Wright and Associate Biologist Leo Fox was characteristically thorough and painstaking, and the conclusions and recommendations incorporated in their appended report the Commission considers positive and to the point.
Respectfully submitted,
EDGAR F. COPELL,
Commissioner.

Cf)e Commontucaltf) of sgassadnisctts!

Department

of

tatb House, Boston,

Mr.

Edgar

F.

Public Health
November 25, 195;

Copell, Commissioner, Metropolitan District
sion,

Commis-

20 Somerset Street, Boston, Mas

In accordance with your letter
Dear Mr. Copell:
dated
request
of
June 24, 1952, this Department is submitting to you herewith the results of an engineering
study made by the Division of Sanitary Engineering
relative to the investigation of sanitary conditions of Spy
Pond, Little Spy Pond, Wellington Brook and Alewife
Brook in Arlington, Belmont, Cambridge and Somerville.
Respectfully,
VLADO A. GETTING,
Commissioner

C&c Commontoealtfi of s^assacfnisettsi
REPORT OF THE CHIEF SANITARY
ENGINEER.

Office

Dr. Vlado A.

of

the

Division of Sanitary
November 25, 19.‘

Engineering,

Commissioner of Public Health

Getting,

Herewith is submitted a report relative to the investigation and study of sanitary conditions of Spy Pond as
requested by Mr. Edgar F. Copell, Commissioner, Metropolitan District Commission, in a letter dated June 24,
1952.
REPORT,

I.

Introduction.

Chapter 66 of the Resolves of 1950 authorized and
directed the Metropolitan District Commission to make
an investigation and study relative to necessary improvements in the Metropolitan District area. Included in
this study was House Document No. 608 of 1950 which
refers specifically to Spy Pond. No funds were made
available for such a

study.

Chapter 86 of the Resolves of 1951 further authorized
and directed the Metropolitan District Commission to
continue this investigation. These studies, however, were
not undertaken until the passage of chapter 420 of the
acts of 1952, which authorized the sum of $5,000 for the
Metropolitan District Commission to make the above
investigation and study.
This Division assigned certain members of its staff to
conduct the investigation, and they were assisted by certain personnel supplied by the Metropolitan District
Commission.

The directives of this investigation, in so far as the
Department of Public Health is concerned, were to

HOUSE
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1. Study the matter of improving the sanitary con
dition of Spy Pond.

2. Investigate the condition of the pond in relation to
public health.
3. Investigate the condition caused by the presence of
microscopic organisms and aquatic growths.
4. Investigate the breeding of mosquitoes.
5. Study the matter of the water level of Spy Pond.
6. Study the matter of improving the sanitary conditions of Little Pond, also known as Little Spy Pond,
and Wellington Brook and Alewife Brook in their relation
to use as drainage from Spy Pond.
The work of the Department of Public Health was
primarily concerned with sampling of both ponds for
chemical and bacteriological examinations and an examination of the weed growth and microscopic growth, with
an eye to working out methods for the elimination of
these growths in order to prevent the creation of nuisance
conditions. In addition, sanitary surveys were made of
Little Pond, and, to a more limited extent, of Alewife
Brook and Wellington Brook.
11.

Methods

of

This

Investigation.

Sanitary Survey.

The sanitary survey included a complete examination
of the entire circumference of the ponds and the banks
of the brooks named above for the purpose of discovering any discharges to their waters or any other conditions which might be responsible for public health
problems.

The sanitary survey also included a study of land
areas adjacent to these bodies of water. For this portion of the investigation the waste disposal facilities of
the domiciles and industries bordering these waters were
checked to determine whether the wastes from these
buildings were entering these waters or were being properly disposed of by public sewers or by adequate local
subsurface disposal methods.

1953.]
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Biological Examinations.

A survey was made to determine the presence of aquatic
vegetation both of submerged and emergent types.
A determination was made of
Emergent Vegetation.
the emergent vegetation growing in the ponds. The
emergent vegetation was noted and the various species
identified.
Samples for the estimation
Microscopic Vegetation.
of microscopic plant life growing in Spy Pond and Little
Pond were taken twice a week at previously designated
stations.
Biological Bottom Sampling.
Samples at the bottom
of the pond were collected by means of the Ekman
Dredge for the purpose of recording the type of life found
on the bottom of the pond.
,

Bacterial Sampling

Bacterial samples were collected twice a week at previously designated stations at both ponds.
Chemical Sampling.
Water samples for chemical analysis were collected once
week at previously designated stations at each pond.
Chemical samples for bottom determinations also were
collected during the investigation by means of the Kemmerer water sampler. In addition, bottom sampling was
made for the purpose of evaluating the type of bottom
and the chemical content of the bottom material.
a

Dissolved Oxygen Determinations.
Samples for dissolved oxygen studies were gathered
daily from designated stations. Two sets were collected
before noon and two sets were collected in the late afternoon.
In addition, a 24-hour series of tests for the
amount of dissolved oxygen in the surface water at Spy
Pond were made. A determination also was made of the
dissolved oxygen at different depths at one station in Spy
Pond.

10
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Temperature Studies.

Temperature readings of the surface of the pond were
taken at each sampling station whenever samples were
collected. In addition, temperature studies at different
depths were also made in Spy Pond by means of the
thermophone.

111.

Spy

Pond.

Spy Pond lies within the limits of the town of Arlington and is located in the southeasterly section of the town.
The southerly shores of the pond are located about 200
feet from the Belmont town line, while the northerly
borders of the city of Cambridge are only about one
quarter of a mile from its shores. The watershed of the
pond is situated within the limits of the town of Arlington. In its natural condition of runoff, the watershed at
one time contained an area of 570 acres which included
the water surface of the pond. As sewerage and drainage
were developed within the town, about 196 acres were
diverted from the watershed. It is estimated that the
present drainage area equals 430 acres. Spy Pond is
about 4,000 feet long and 2,400 feet wide in its widest
section. At Grade 9, Boston City Base, the pond has a
shore line some 13,000 feet long. At Grade 9 the surface
acreage of the pond is about 111 acres. At Grade 11 the
area of the surface of the pond is 116 acres. The pond
was approximately at Grade 10 during the summer.
Therefore the surface area of the pond was between 110
and 116 acres. The pond had a maximum depth of 33
feet and an average depth of approximately 12.3 feet.
Slightly northeast of the center of the pond there is an
island which rises to an elevation of about 20 feet above

the pond level.
The outlet of the pond is located at its southern end.
It generally discharges by means of a concrete pipe to
Little Pond. Sometime during the last year, 300 feet of
this pipe were broken and as a result no water has been
discharging from this pond. The Division of Waterways
of the Massachusetts Department of Public Works has
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investigated this condition. Bids are out at present for
the repair of this pipe and the construction of a new outlet. This new outlet will maintain the surface of the pond
at Grade 9.8 feet, Boston City Base.

IV.

Record

of

Previous

Investigations

of

Spy

Pond.

1871.
The Cambridge water board indicated that
there was a high organic content present in the water
of this pond. They stated as follows:
“The water in this pond in certain seasons of the year,
and when it is not needed for use, passes through a process
of fermentation which at that time makes it unsuitable
for domestic use without filtering.”

Cambridge water board: “Spy Pond during
the past year has contained large amounts of the weed
known as Clathrocystis, and as a result of several chemical
analyses these waters have been deemed unfit for domestic
1880.

use.”
1887.

The board of health of Arlington received
several complaints of offensive conditions of the shores of
Spy Pond caused by the accumulation of vegetable matter.
1902.
The board of health of Arlington recommended
to the town that a greater effort be made to exterminate
the growth of weeds by an extensive system of dredging.
1911.
The Cambridge Ice Company made application to the local board of health to treat the waters of
the pond with copper sulphate in order to control water
weeds which were interfering with ice harvesting.

In a report of the Massachusetts Department
of Public Health relative to ice in Spy Pond, it was found
that the ice contained more organic matter than is found
in good ice, but that the number of bacteria present was
small. The pond was affected at times by vegetable
growths in large quantitites.
191 4.

—
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1921. The Department of Public Health received a
complaint about objectionable odors due to the growth of
vegetation emanating from the water of Spy Pond. This
was investigated and it was found that the plant was
Conferva which grew at the bottom of the pond. The
solution to the problem suggested then was to dredge the
bottom of the pond to such a depth that the water would
be 8 feet deep in the summer season.
There was another report of objectionable
conditions in Spy Pond, and at that time it was found to
be due to an enormous growth of the organism Clathrocystis, one of the blue-green algse. This was forty-four
years after the pond waters were proclaimed unfit for
“domestic use,” due to this same organism.

1924.

There w as an investigation of Spy Pond which
was directed by a legislative act. This investigation
showed that conditions were somewhat as those in the
past, that the aquatic plants and the algse found in the
pond were not of recent origin, but had existed for many
years. The conclusions of this investigation were that
the town of Arlington should raise Spy Pond to about
elevation 11.0 by constructing suitable control works at
the entrance to the Old Cambridge conduit, these works
to be constructed so that the lowering of the pond would
be possible during the winter season. If a diversion of
run-off water should occur before the growing season of
the aquatic plants, such diversion would be made up by
the introduction of metropolitan water. It also was recommended that the pond should be dredged to about
Grade 3 so that there would be about 8 feet of water
throughout the pond. The work was estimated to cost
about $85,000. At current prices this same project would
cost about $169,000. It was recommended also that the
blue-green algae, Cyanophycex, could be controlled by
the proper use of copper sulphate.
During this period a yearly
1932 to 1951, inclusive.
examination was made by the Massachusetts Department
of Public Health of the water of Spy Pond to determine
1925.

r
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its suitability for bathing. The quality of the water was
deemed good for bathing purposes, but bathing was not
recommended by this Department because of the lack of
bathhouse and toilet facilities.

A three-day investigation during the month
of August, 1951, was carried on at Spy Pond. It was
found that there were no sanitary problems here. No
sewage entered the pond, since the areas surrounding the
pond were all sewered. The surface of the pond showed
an alga; bloom caused by Microcystis, a blue-green alga.
Submerged weeds were present but offered no problem
because they came to the surface in only one area, the
northeast cove. The submerged weeds were of the genera
Elodea and Potamogeton. The emergent weeds present
were cattails and pickerel weed, and offered no problem
because they were present only in small quantities along
the southeasterly shore.
A fish survey showed that there was a plentiful supply
of fish of seven different species. Ducks were also plentiful. The dissolved oxygen was relatively high and traces
were found down to a depth of 33 feet. All evidence
pointed to the fact that this was a well-balanced pond
1951.

biologically.

There was no odor problem present at any time during
this period.

V.

1952 Investigation

Sanitary Survey of Spy

Pond.

The sanitary survey of this pond was divided into two
parts. This consisted of questioning the occupants at
every home bordering the pond on all sides to find out
about sewage disposal and all other liquid waste disposal
methods. It also involved a careful search around the
edge of the pond for the purpose of discovering any discharge into the pond. In the first portion of this survey
houses were visited on the following streets in Arlington:
Wellington, Addison, Hopkins Road, Peabody Road,
Lakeview, Deveraux, Chapman, Gould Road, Pleasant

14
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Street, Spy Pond Parkway, Alfred Road, Pondview Road
Lakehill Avenue. All the homes without exception were
connected to the Arlington sewerage system. This was
validated by the records of the office of the town engineei
of Arlington.
A survey of the shores of the pond showed that there
were 1(5 concrete surface water pipes of various sizes ranging from 12 inches to forty-eight inches located at different points on the pond. Their locations and sizes are as
follows
;

3.
4.
5.
(i.

7.
8.

15-inch pipe at the foot of Wellington Street drains a catch ba
at Spy Pond Field and the foot of Wellington Street.
12-inch pipe from warehouse on Pond Lane
15-inch pipe from catch basins on Massachusetts Avenue and
Pond Lane.
20-inch pipe from catch basins along railroad and Wyman Terrace
15-inch pipe from catch basin on Linwood Street.
24-inch pipe from Orvis Circle to northeast cove of pond.
24-inch pipe from Lakehil! Street to northeast cove of pond.
12-inch pipe at foot of Alfred Street drains Alfred and Pondview

roads.
9. 12-inch pipe drains Sheraton Park
10. 24-inch pipe at foot of Roanoke Road drains Eliot Road and
Colonial Drive.
11. 48-inch pipe at southwest corner of pond drains Concord Pike.
12. 18-inch pipe on southwest bank of pond drains a section of Pleas
ant Street

13. 15-inch pipe at foot of Chapman Street drains part of Pleasant
Street.
14. 24-inch pipe at foot of Spring Valley Street drains this street and
part of Pleasant Street.
15. 15-inch pipe at foot of Lakeview Street drains this street.
16. 18-inch pipe at foot of Addison Street drains catch basin at the
end of Addison Street.

All of these pipes or drains are storm drains from the
various streets surrounding the pond. All were dry during good weather with the exception of the forty-eight-inch
pipe entering at the southwest part of the pond. This
had a steady flow of clear water. The bacterial count of
this water generally was below the prescribed standard of
that considered acceptable for swimming w'ater. On one

1953.1
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occasion the bacterial sample showed a plus in 0.01 ml.
which is considered below the standard.
An investigation of the possibility of pollution entering
this 48-inch drain from the Belmont side of the Concord
Pike proved negative.
The findings of the sanitary survey were that there was
no pollution entering this pond.
A map showing the location of the pipes or drains
entering Spy Pond accompanies this report. This is
Plate 1 in Section XIII.
There is a 2-acre truck garden on the north bank of
the northeast cove of the pond. This farm was raising
chiefly vegetables of a leafy nature such as lettuce. There
is no doubt that this farm is using fertilizer which eventually finds its way into the pond.

VI.

Physical

and

Chemical Investigation

of

Spy

Pond.

Physical, Chemical and Biological Analyses.

Five stations were set up at different parts of the pond
for the purpose of collecting samples for chemical analyses, dissolved oxygen determinations, microscopic organism samples and bacteriological samples. This distribution of sampling stations was set up to provide an
over-all picture of the entire pond from physical, chemical
and biological aspects.
Thirty-eight samples were collected during the period
from July 16, 1952, through September 2, 1952, for
physical, chemical and microscopic organism analyses.

.4.

Physical Characteristics.

1. Turbidity.
The lowest turbidity reading recorded
during this period was 1.5 parts per million and the highest 10 parts per million. The average was 5.1 parts per
million. Turbidity is not a recreational or health hazard
at this pond and is within the limits of the Public Health
Service drinking water standards of 1946. Average results
are recorded on Graph 1 in Section XIII.
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The lowest color reading was 10.5 parts per
2. Color.
million, and the highest, 28.5 parts per million, with an
over-all average for the period of 17.0 parts per million.

This is also within the limits of the Public Health Service
drinking water standards. High color would not be expected in water of this type. Average results are recorded
on Graph 1 in Section XIII.
There were various reports of
3. Odor and Taste.
of
one
or
another
type
during this period in our
odor
laboratory analyses. The odors reported were always of
a very minute nature, rarely over two, and most generally
they were recorded as a vegetable odor. This would be
expected from the algse growth and aquatic plants present
in the pond. From these reports and from observations
made during this period it can be seen that odor was not
a nuisance at this pond. A similar condition existed in a
short investigation at Spy Pond made in the summer of
1951.
4. pH.

The hydrogen ion concentration of the pond

waters during this period showed a low of 8.3 and a high
of 9.3, with an average of 8.8. This manifested that this
was the type of water which contained no free carbonic

acid but which contained carbonates. The lack of free
Co 2 and carbonic acid is due in part to the large algae
growth and the great quantity of aquatic weeds which
utilize Co 2 in the process of photosynthesis. Usually
the carbonate contained in the water under conditions
such as these is sodium carbonate. This is believed to
come from areas which have geological strata containing
sand and clay and some limestone.
A geological survey made of adjacent areas in 1945 by
the United States Geological Survey showed it to be a
region consisting chiefly of sand, gravel and clay. There
was no limestone. The carbonates found in this pond
are due chiefly to the organic decomposition which occurs
here. Average results are recorded on Graph lin Section
XIII.
Seventy-four individual deter5. Dissolved Oxygen.
minations were made of dissolved oxygen samples taken
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from the waters of Spy Pond during the period of the
investigation. The reason for the number of dissolved
oxygen determinations was to attempt to find the status
of dissolved oxygen of the waters of the pond under a
variety of conditions. When the investigation began,
dissolved oxygen samples were taken daily at five predetermined stations in the early part of the morning and
again in the late afternoon. All of the samples taken
under this type of determination showed that there was
very little variance in the dissolved oxygen from 10 a.m.
in the morning to 4 p.m. in the afternoon. After the first
two weeks, the double sampling program (that is the
morning and afternoon sampling) was discontinued and
the dissolved oxygen samples were taken only when the
chemical samples were collected.
During this period the lowest surface dissolved oxygen
was 8 p. p. m. with 94 per cent saturation, and the highest was 9.8 p. p. m. with 116 per cent saturation. At no
time during this period was the surface-dissolved oxygen
in any part of the pond insufficient to support aquatic
life. Average results are recorded on Graph 1 in Section
XIII.

In addition to the samples previously mentioned, a
24-hour series of dissolved oxygen readings of the surface
waters of Spy Pond were made. This started at 9 a.m.
on August 21 and continued until the same time the
following morning. In this 24-hour series the high point
was reached at 6 p.m. on August 21, 1952, at which time
the dissolved oxygen was 10.9 and the per cent saturation
was 129. The lowest dissolved oxygen determination
was at 8 a.m. on August 22, at which time it was 7.7 and
the per cent saturation was 89. The temperature variation during this period was very slight. The lowest
temperature reported was 74 and the highest temperature
reported was 78. The results of this study are recorded
on Graph 2.
In addition to the dissolved oxygen determinations
mentioned previously, another set of dissolved oxygen
determinations was made on a vertical distribution at
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the deepest part of the pond.
following depths, as follows;
(P. p. m.

*=

[Jan.

These were made at the

parts per million.!

“

6d

Temperature

(p p m.).

Per Cent
Saturation.

Surface

10.1

125

5 feet

10 1

125

10 feet

10.2

119

75

15 feet

9.0

105

74 6

20 feet

2.2

25 feet

0 9

30 feet

0.0

52.5

33 feet

0.0

52.5

Depths.

n

(p^Xit),
75

65
8

55

As is well known, the oxygen content of the water is
important for the various forms of life that exist in the
water. Without a sufficient amount of oxygen anaerobic
conditions would exist. The various determinations for
dissolved oxygen that were made during this particular
period show that there is a sufficient supply of oxygen to
provide for the needs of the various types of life that
exist in the pond, both vegetable and animal. The most
striking demonstration of this was the vertical testing of
the dissolved oxygen which showed the presence of oxygen down to a depth of 25 feet, with sufficient oxygen
between 15 and 20 feet to maintain certain forms of
aquatic life. Although no hard and fast rule can be laid
down for the amount of oxygen necessary to maintain
different forms of aquatic life, 5 p. p. ni. has been established as a minimum for fresh water fish.
The temperature studies made at the deepest part of
the pond strikingly demonstrated the three temperature
strata of a body of water such as a lake or a pond with
sufficient depth. From the surface to a depth of 15 feet
there was an epiliminion, a layer of water with a temperatime range close to that of the surface water. From a
depth of 15 feet to 23 feet there was an area of rapid
decline of the temperature; this is known as the thermo-
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dine. From the 23-foot depth to the 33-foot there was
a gradual leveling off of the temperature; this layer is
known as the hypoliminion.
Graph 3 in Section XIII records the dissolved oxygen
readings and temperature observations at different
depths.

B.

Chemical Studies.

Nitrogen in water is found in various
1. Nitrogen.
forms. It is found in the form of free ammonia, the socalled albuminoid ammonia in the form of nitrites and
nitrates, and organic forms such as proteins, polypeptides,
peptides and amino acids. The ultimate source of the
various forms of nitrogen is from organic matter, both
plant and animal origin. The nitrogen bodies of animal
origin readily decompose and parts of the nitrogen become
nitric acid which acts on the carbonates in the soil and
forms some of the nitrates found in subsoil and in deep
well water. All fertile soils abound in microscopic life of
great variety including bacteria, molds, algae and protozoa.
An important function of this life is the decomposition of
organic matter of vegetable and animal origin.
The proteins of waste organic matter are broken down
to amino acids and then to ammonia, some of which is
utilized by vegetation and elaborated to protein, or oxidized first to nitrites, then to nitrates, in each case by
various groups of organisms. The nitrates produced in
the soil provide nitrogen for various low forms of animal
life and also the vegetation where protein is again synthesized and thus the cycle is continued.
Data relative to the ammonia, the nitrite and nitrate
content of the water suggest that it is influenced by the
organic matter present in the soil with which it has been
in contact and the activities of life contained therein.
Many of the soil micro-organisms concerned in the nitrogen cycle must also be present in the water of rivers, lakes
and ponds.
Practically all waters contain
2. Free Ammonia.
traces of ammonia salts which exist in the form of am-
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monium carbonate. By breakdown of this ammonium
carbonate determinations of free ammonia are made.
During the period of the investigation, the minimum
free ammonia reading was 0.010 p. p. m. and the maximum free ammonia reading was 0.210 p. p. m. The average during this period was 0.068 p. p. m. This does not
show an exceedingly high amount of free ammonia, but
these determinations in themselves are not of much significance.

3. Total Albuminoid Ammonia.
The total albuminoid
ammonia is an indication of the stable nitrogenous organic material in the water. It ranged during this period
from 0.180 to 0.650 p. p. m.
The average was 0.44 of a part per million. The total
albuminoid ammonia in itself is not of too great significance, but in conjunction with the free ammonia it signifies whether the breakdown of organic material is of
animal origin or of vegetable origin. If samples taken at
one time show relatively high albuminoid ammonia and
a relatively low free ammonia then this is an indication
of vegetable decay. Vegetable decay is a slow process as
compared to animal decay, and as a result there will be
present a greater amount of vegetable organic matter
with consequently less free ammonia.
During this period the free ammonia, albuminoid ammonia relationship signified the presence of decay of vegetable origin.
The high was .015 p. p. m., the low 0.00,
4. Nitrites.
the average .004 p. p. m. Nitrites are an intermediate
product in the process of nitrification from the oxidation
of ammonia to the formation of nitrates. It is of significance in showing that the process of nitrification is occurring. Nitrites also can be due to a reducing action in
which case the nitrate is reduced to the nitrite form. Certain aquatic growths suc h as the Tribonema, a blue green
alga, are capable of having a reducing action on nitrates.
Generally when nitrites are high, nitrates are low and
conversely. This is shown well by the accompanying
graph number 4 in Section XIII.
5. Nitrates.
Nitrates ranged from 2.06 p. p. m. to
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.100 p. p. m. and averaged .236 p. p. m. Nitrates are the
end product of the oxidization of the inorganic form of
nitrogen which has resulted after the breakdown of organic matter into inorganic matter. This is the stable
end product of the nitrogen cycle. These nitrates are
necessary in the production of the tissues of plants and
some low forms of life. The relationship between ammonia and nitrates is shown in Graph 4. When there
was a relatively great quantity of ammonia present there
was a relatively low quantity of nitrate. Within a ten-day
to two-week period following a high reading of ammonia
there was a high reading of nitrate and a low recording of
ammonia.
The phosphates during this period
6. Phosphates.
ranged from 0.0 to 0.015 p. p. m. with an average of
.003 p. p. m. Phosphates also are important in the growth
of vegetative forms. They are necessary for
building
of the tissue of the various forms of plant life. The estimates of the phosphates recorded during the summer
months showed that the phosphates were present in small
amounts which was expected at this time because the
plant activity is greatest during this period. The recordings obtained from the determinations showed that the
amount of phosphate in the water was similar to that
which exists in similar ponds. Phosphate is significant
chiefly in relation to other environmental factor determinations such as that of the nitrogen family.
Graph 4 in Section XIII shows the average reading of
albuminoid NH 3 free NH 3 nitrates, nitrites and phos,

,

phates.

7. Chlorides.

Chlorides at this pond during this period
were fairly constant. The same condition existed in this
pond relative to those in the investigation carried out in
1951. The least recorded amount of chlorides during this
period was 25 p. p. m. and the highest was 27 p. p. m. The
average was 26.4. The isochlor map of the Department
of Public Health shows that the average chloride in the
water in this region is 3.5 p. p. m. Metropolitan water
shows chlorides of 3.4 p. p. m. Cambridge water supply
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has a chloride content of 16 p. p. m.; Salem has a chloride
content of 11 which would be expected, as Salem is located near the ocean.
Chlorides are generally an indication of pollution as
fecal and urinary matter contain chloride. However, this
interpretation is not always possible because occasionally
land is salted for agricultural purposes. The land adjacent
to Spy Pond was at one time used exclusively for truck
gardening, and as such it was heavily fertilized because
the original soil was not suitable for farming. It is undoubtedly from this source that the high chlorides have
been derived. In addition, the roads in the vicinity are
sanded and salted during the winter months and the water
from these roads drains down into the pond. An analysis
of the mud at the bottom of the pond showed a chloride
of 50 p. p. m.
8. Hardtiess.
The minimum degree of hardness durthis
was
period
58 p. p. m. and the maximum was
ing
74 p. p. m. The average figure for this period was 70
p. p. m. The hardness of the various waters found in the
greater Boston area is as follows:
Hardness
(p. p. m.).

14
56
45

Metropolitan District Water
Cambridge (Fresh Pond)
Newton

Hardness is caused by the presence of the carbonates
and sulphates of calcium and magnesium. These minerals are generally present in the water because of the
geological layers which contain these salts. However,
these minerals are also important for vegetative growth,
and it is quite possible that when truck gardening existed
on the watershed of Spy Pond these minerals were added
for fertilizing purposes. The hardness is not significantly
different from the Cambridge water supply located in the
same region.

9. Alkalinity.
hydroxide.
High
p. p.

m.

41

The alkalinity was carbonate and not
Low

p. p. m.

36

Average
P- P-
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The results of the average alkalinity, chloride and hardness are recorded on Graph 5 in Section XIII.

VII.

Biological Investigation.

A.

Invertebrates.

Bottom samples were taken at different sites in the
pond during the summer. They revealed the presence of
certain insect larvae of the Chironomidic family, snails
and small mussels.
Samples of animal life collected from the aquatic weeds
revealed the same type of invertebrate life. These also
were present in fairly large numbers. All of these animals
enter into the biological cycle of the pond and provide
food for the higher types of life such as fish and aquatic
birds.

B. Vertebrates.
On August 7, 1951, the Division of FishFish Life.
eries and Game of the Department of Conservation of
the Commonwealth of Massachusetts made a fish survey
at Spy Pond. Their survey indicated that the following
species of fish were present;
Large-mouth bs

Yellow perch

Carp

Pickerel
Killifish

White percl
Bullheads

White and yellow perch were present in a fair quantity,
and bass, pickerel and carp in small numbers.
C.

Aquatic Bird

Life

During this investigation and investigations in the
past, there have always been many ducks present at the
pond. The number ranged from 50 to 100 at different
times during this last summer. They were mostly
Mallards and Black Ducks.
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Algae.

One of the striking features of the fresh water algae
flora is its cosmopolitan appearance. Many species are
found in all parts of the world, from the tropics to the
polar regions, and in a variety of special habitats, such as
hot springs, snow and many others.
There are various factors which affect the growth of
algse. Water is essential for their growth, but there are
many other factors, any one of which may prevent thengrowth. Chief among these are amount of light, temperature, chemical composition and pH of the water.
Light is essential for photosynthesis, but algse differ
markedly in respect to their tolerance of light intensity.
Aquatic algse of unshaded pools are usually considered
as growing in full sunlight, but the more deeply submerged ones are not so strongly illuminated as those at
the surface because there is a geometrical decrease in
intensity of illumination with an arithmetical increase in
depth. Despite this, many algse show a greater rate of
photosynthesis at a certain depth than they do at the
surface.

This is borne out to some extent by studies performed
at Spy Pond. Samples for microscopic analyses were taken
at the surface, at 5, 10, 15, 20, 25, 30 and 33-foot depths.
The analyses showed that there were no diatoms at the
surface; there were some at the 5-foot depth, —namely,
Synedra. At this depth there were 190 standard units
per ml. Then the analyses showed that there were no
diatoms found until the 33-foot depth was reached, where
there were 2,900 standard units per ml. of Synedra.
In the same experiment the Chlorophycese disappeared
entirely at the 10-foot depth, while the Cyanophyceae
became progressively less with the increasing depth and
were found in very small amounts down to the 33-foot
depth. This is demonstrated on Graph sin Section XIII.
Temperature.
A very important effect in the acceleration and the retardation of growth and reproduction.
Water temperatures were recorded at depths from the
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surface to a depth of 33 feet. The algae growth generally
decreased with the depth and the temperature declined.
The elements essential for
Inorganic Compounds.
the growth of algae are generally the same as those necessary for the growth of other plants. Calcium is not an
essential element for many algae, but certain of them are
unable to develop in a medium lacking it. Silicon is
necessary for the growth of diatoms.
The algae of soft water regions are largely Desmids
certain species of Chlorophyceae. No Desmids were found
at Spy Pond during this investigation.
The pH of the water has been shown to be a limiting
factor for many algae, especially species of Desmids. This
investigation confirmed that a pH above 7.0 on the
alkaline side discouraged the growth of Desmids and
many other Chlorophyceae. The average pH of the pond
water was 8.8.
Calcium and magnesium are of importance in the
influence of the total number of algae because their bicarbonates furnish a supplemental supply of C0 2 for photosynthesis. This is considered to account for the greater
abundance of algae in hard-water lakes as compared with
their smaller abundance in soft-water lakes. Spy Pond
is definitely a hard-water pond, with an average hardness
of 70 p. p. m. The blue-green algae were present in large
abundance which was shown by some of the determinations obtained. An average recording for the blue-green
algae on August 19, 1952, for all stations of the pond was
8,300 standard units per ml. The greatest amount at one
station for blue-green algae was 10,800 standard units per
ml. of Anabaena on August 25, 1952.
Iron is one of the elements important to the growth
of algae. They grow best when iron in the form of Fe,o,
is present in the water from 0.2 mg/liter to 2.0 mg/liter.
There is a distinctly toxic effect when the amount available is over 5 mg/liter. Present findings show Fe in the
amount of 0.10 p. p. m. —or 0.1 mg/liter.
Algae grow equally well when their nitrogen is obtained
from nitrates, nitrites or ammonium compounds. Algae
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may also utilize more complex nitrogenous compounds
as the source of nitrogen. There was a sufficient amount
of nitrogen in various forms present in Spy Pond as shown
by an average albuminoid ammonia of 0.444 p. p. m.,
an average free ammonia of 0.068 p. p. m., and average
nitrate of 0.236 p. p. m.
Phosphorus also is an important component of plant

growth. There was a minimum of phosphorus present
during this period which would be expected because of
the high plant growth. The phosphorus cycle and the
nitrate cycle seemed to coincide with the increased growth
of algae. For example, between August 4, 1952, and
August 9, 1952, there was an upsurge in the growth of
chiefly Anabsena and Microcystis.
blue-green algae
On July 21, 1952, there was a maximum of phosphorus.
This decreased rapidly until on August 11, 1952, there
Nitrates, on the other
was no phosphorus recorded.
hand, showed an upswing from July 21, 1952, to a maximum of nitrate on August 4, 1952, and then a downswing
from August 4, 1952, to a minimum on August 20, 1952.
The conclusions to be reached from this investigation
relative to algae are that waters of high alkalinity and
hardness with a corresponding high amount of calcium
and magnesium, high pH, sufficient nitrogen in various
forms, phosphorus, iron and sufficient oxygen, carbon
dioxide, light, and with a high temperature, are conducive to an abundant growth of blue-green algae of the
genera Anabsena and Microcystis. The high alkalinity
and hardness seem to be the chief influencing factors in
this situation.
Algse bloom was apparent at the pond during the late
part of the summer and also the summer of 1951. At no
time during these two summers was there any nuisance
created due to algae.
If a nuisance condition does arise at this pond because
of algae it can be adequately controlled by the proper use
of copper sulphate.
The following report is a summation of the methods and
findings of a biological investigation.
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Samples of water were collected at five sites in Spy
Pond and three in Little Spy Pond. The samples were
then sorted and analyzed on the basis of the standard
units per ml. of their living biological content. The organisms occurring were found to be chiefly plants of the
group Diatomacese, Cyanophyceae and Chlorophycese,
microscopic animals belonging to the Phyla Protozoa
and Rotifera. The samples were collected between July
16 and September 15 at Spy Pond and between July 24
and September 15 at Little Spy Pond at more or less
regular intervals, and with few exceptions these samples
were examined on the day following their collection.
In both ponds the Cyanophycea; (blue-green algae) were
consistently higher in standard units per ml. than were
the three other chief groups as indicated on the accompanying graphs. Their numbers almost reached 16,000
during the last week of July in Little Spy Pond and
fluctuated between about 6,400 to 8,100 between August 4 and September 2 in Spy Pond. The organisms
that formed the major part of the increase were Anabaena
and Microcystis. During the period of investigation
Anabaena in Spy Pond varied from 294 to 10,800 in the
extreme northwest corner of the pond on July 23 at
Station 5, while Microcystis ranged from 172 at Station 4 on July 17, and 2,340 standard units per ml. at
Station 4 on August 9. When they occurred in Little
Spy Pond, Anabaena extended from a minimum of 78
at Station 3 on August 20 to a maximum of 20,200 at
Station 2 on July 30, and Microcystis from 330 at Station
2 on August 22 to 2,355 at Station 2 on July 24.
The less numerous groups were more irregular in their
occurrence at Little Spy than at Spy Pond. At Little
Spy the most numerous group were the Cyanophycea?.
Among the Rotifera the species most numerous were
Synchaeta which ranged from 120 at Station 3 on August 20 to 1,350 standard units per ml. at Station 2 on
August 12. The Chlorophycese (green algae) were next
most numerous, and among these Actinastrum at Station 2 on August 13 ranged from 50 to 350; at Stations
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on July 29, and July 30, Closterium which
ranged from 280 to 640 was the most numerous. Finally,
the Diatomacese were chiefly represented by Synedra,
ranging from 35 at Station 2 on August 22 to 2,180 units

1, 2 and 3

at Station 2 on July 24.
At Spy Pond the Chlorophycese were more numerous
than either the Diatomacese or the Rotifera, but less
numerous than the Cyanophyceae. Among the Chlorophycese the following were the most frequently repre-

sented

:

Protococcus

Pediastrum
Crucigenia

Eudopina
Volvox

.

.

.

....

.

.

.

14 at Station 2 on July 28 to 834 at
Station 2 on July 16.
24 at Station 2on July 17 to 205 at
Station 2 on August 11.
124 at Station Ito 384 at Station son
July 23.
15 at Station son August 25 to 380
at Station 4 on July 28,
150 at Station 3 on August 11 to 5,000
at Station 4 on August 20.

Synedra among the Diatomacese ranged from 40 at
Station 1 on August 25 to 4,500 units at Station 3 on
August 20, and Anursea among the Rotifera varied from
48 at Station 1 on July 23 to 225 at Station 2 on August 25.
The Protozoa found at this pond were irregular in
their occurrence and were dominated by Ceratium, which
reached the numerical maximum of 1,128 on July 28 at
Station 2.
At Little Spy the Protozoa fauna were dominated by
Glenodinium that reached a maximum of 1,240 units on
July 29 at Station 3. In general, more species and greater
numbers were identified in Little Spy than from Spy
Pond at each sampling.
The graphs indicate the specimen totals for each
sampling date from all stations sampled at each pond
Chlorophycese, Cyfor the predominant four groups,
anophyceae, Diatomacese and Rotifera. They do not show
the variation for any one genus or species but merely
group totals.
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The Rotifera were fairly even in their numbers during
this period and seem to have little significance.
Graph 7 records the relationship of the various algae
and Rotifera during this period.
Types.
E. Higher Aquatic Plants
Luxuriant aquatic plant growths often occur in ponds.
Generally these aquatic plants can be grouped into
three categories:
1. Emergent.
Those rooted at the bottom and projecting above the water for part of their length, such as
cattails
Typha.
2. Floating.
Those which wholly or in part float on
the surface and often do not project significantly above
it. Most of these forms are rooted to the bottom, such
as pond lilies.
3. Submerged.
Those which are continuously submerged except sometimes for floating or emergent inflorescences such as waterweed
Elodea.
If the body of water is large enough, zonation is manifest relative to plants.
The emergent types usually occur along the shore.
They are rooted in the bottom and submerged at their
basal portions.
The floating types occur next in depth beyond the
emergent types, and are composed of plants that are
rooted to the bottom and float their foliage on the surface. The depths they occupy are usually from 10 cm.
to 2.5 m. (4 inches to about 7 feet).
The submerged type occupies the deeper water beyond
the zone of floating plants, extending downward to
depths which generally do not exceed 6 meters (about
20 feet).
The emergent types of plant found at Spy Pond are
the cattails, or Typha latifolia, and the pickerel weed.
These are not present in great quantity and offer no
problem.

The cattails are present in limited quantities at the
north shores of the northeast cove, the south shores of
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this cove, along the southwest shore of the pond, and
along the southeast shore of the pond.
Pickerel weed, or Pontederia cordata, was also found
in the same places as cattails along the shores of the
pond, but in very limited quantities. In addition, a
reed known as Phragmites communis, which grows to a
height of approximately 12 feet, was found in limited
quantities in small clumps on the southeast and southwest shores of the pond.
The emergent type of weed created no nuisance at this
pond because it was present in limited amounts.
These weeds are of no special consequence to the
ecological cycles of the pond, as their animal associates
are insects which feed upon them or lay their eggs in or
on these plants.
If it were found necessary, these plants could be removed without upsetting the biological balance of the
pond.

These plants do not respond favorably to any of the
recent weed killers, such as 2-4, D or 2-4, 5, T. They
can only be controlled by mechanical means, namely,
cutting.

The floating types of plant found at this pond were
pond lilies, particularly the yellow pond lily or Costalia
odorata. These were found in very small quantities in
the northeast cove and the southwest portion of the
pond. These present no nuisance.
The submerged type of weed in this pond is present in
large quantities. This survey showed that these covered
about fifty per cent of the bottom of the pond. These
plants were present everywhere in the pond to a depth
of 10 feet, below which they disappeared. No submerged plants were found below this depth. The two
species of submerged plants found were Elodea canadensis
known as waterweed, and Potamogeton natans,
one of the species of pond weed.
Elodea canadensis is a true aquatic plant loosely rooted
on the botton or floating free in the water entirely submerged and growing very successfully in water. Its
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branches are crowded with dark green translucent leaves
arranged in whorls of three or more. Stems of Elodea
are brittle and whenever broken the fragments continue
to grow independently, rapidly increasing the number of
plants. Elodea spreads with amazing rapidity and crowds
out other plants. They grow best in areas with mucky
bottoms.
The genus Potamogeton contains about 65 species.
These are commonly called pond weeds. Pond weeds are
probably more important to the welfare of water animals
than any other group of aquatic seed plants. They provide either food or shelter for animals. They grow
rooted to the bottom and cover considerable acreage in
many ponds. Most of them are wholly submerged. The
species found at this pond was Potamogeton natans. It
was found in shallow areas around the circumference and
generally in sandy and gravelly areas. It was usually not
found in areas of depth of more than four feet. The per
cent of Elodea to Potamogeton is apparently 90 to 10 per

cent, respectively.
The productivity of submerged weeds in this pond is
high and according to past records has been so for many
years. Some of the factors necessary for high productivity
are the presence of certain ions or minerals. It has been
established that calcium is an essential element for most
green plants. Magnesium is likewise desirable. It appears also to have been established that the more calcium
and magnesium in water, other factors being the same,
the greater the productivity.
Calcium is not only a necessity per se in plant growth,
but in addition its ions are said to make physiologically
available other equally indispensable nutrient ions. This
investigation shows a relatively high amount of calcium
approximately 21 p. p. m.
Magnesium is a component of chlorophyll and must be
present for its proper development. This investigation
namely,
shows an adequate amount of magnesium
5 p. p. m.
Iron must be supplied for plant growth and develop-
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ment. It functions in the proper production of chlorophyll. This investigation showed .10 p. p. m. of iron,
which is within the amount favorable for growth.
Sodium, apparently not absolutely necessary.
Potassium, fixed requirement in plants
Sulfur, necessary.
Nitrogen, necessary, sufficient amount for abundant
plant growth.
Phosphorus, necessary, a normal amount for the
summer season.
The average hardness of the water of Spy Pond during
the period of observation was 70 p. p. m. which shows
that there is an abundance of Ca and Mg. These are
necessary for heavy plant growth.

Limnological Role of Aquatic Plants. —LA great
variety of animals feed directly on aquatic plants (this
includes invertebrates such as insects and snails; vertebrates including certain species of fish; and aquatic
birds, especially ducks and geese).
2. They create stability of the pond bottom to which
they are attached.
3. They act as mechanical support for different types
of animals and algae.
4. They form breeding places for invertebrate animals
such as insects, mollusks, annelids and many microorganisms. Fish, for example, bullheads, perch and
pickerel, find refuge among these plants.
5. A new discovery shows that large aquatic plants
reduce the turbidity of impounded waters. Removal of
larger submerged plants from a lake results in increased
and continued turbidity of water.
6. They function in the production of dissolved oxygen.
7. They function in the consumption and production
of carbon dioxide.
In general, it appears that the greater the development
of larger aquatic vegetation, the greater the biological
productivity of a body of water.
This investigation shows that the following biological
factors are important for a large production of aquatic
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plants
especially of Elodea canadensis: a high hardness and alkalinity with a corresponding high amount of
calcium and magnesium, a large amount of bicarbonate,
a comparatively high pH, for example, over 8.0, a fairly
high temperature, and low turbidity, sufficient nitrogen
in various forms especially nitrates for these plants, and
some phosphorus. The stratum in which the Elodea is
rooted is mucky with a relatively high organic content
and a high amount of phosphorus.
Conclusions of Biological Survey.
The abundance of minerals, various forms of nitrogen,
the sufficiency of phosphorus, and the high amount of
dissolved oxygen, the adequate amount of Co2 in the
form of carbonate, manifest a satisfactory ecology for
the various forms of life in the pond. This is shown by
the luxuriant aquatic plant growth, the large numbers of
algse, the sufficiency of various forms of invertebrates,
for example, Protozoa, Rotifera, insect larvae, snails and
mollusks, the abundance of various species of fish, and
the fair number of ducks.
All this leads to one conclusion, that the pond is in
good biological balance, which balance has taken years
to attain. By the removal of one of these basic forms of
life in the pond, such as the aquatic plants, this balance
may become unfavorable and a nuisance condition of
large magnitude could ensue.
It is rare to find a lake or a pond in which complete
destruction of aquatic plants is either desirable or possible; successful destruction is accomplished only in small
bodies of water not exceeding a few acres in area.

F.

VIII.

Control Measures

for Submerged Aquatic

Plants.

A.

Water Level.

In the past there have been numerous complaints concerning the aquatic weeds breaking off from their moor-
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ing and being washed ashore. Here the weeds decompose
and create a nuisance condition in the form of foul odors.
This was said to have occurred chiefly on the west shore
of the pond adjacent to the island; in the northeast cove;
and along the southeast shore.
During the late summer of 1951, a survey showed that
none of the conditions existed which were said to have
caused nuisance conditions at the pond in the past.
During this past summer nuisance conditions due to
these weeds were also lacking. The investigation terminated about the middle of September, 1952, and nuisance
conditions were nonexistent at that time. An observation was made of Spy Pond on October 30, 1952. A
considerable portion of the weeds had died off, but there
was very little dead weed around the shore.
During the 1951 investigation it was noted that the
surface of the pond was fairly high. It was at elevation
Boston City base. In the interval of this in9.8 feet
vestigation the high elevation of the surface of the pond
was 10.61 feet and the low, 9.8 feet.
On the basis of these water elevation observations, an
elevation between 9.8 feet to 10.0 feet would be sufficient
to keep the weeds from becoming a nuisance. Graph 8
shows water elevations at Spy Pond between April and
-

October, 1952.

B.

Chemical Treatment.

1. Sodium arsenite has been used widely as a weed control method for many years. It has been found effective
in the destruction of arrowhead, water plantain, bladderwort, coontail, waterweed, pond weeds and other plants.
A dilute solution of the commercial chemical compound

is sprayed on the surface of the water over the weed beds
in order to create a killing concentration in contact with
the plants.
In the usual course of events following weed destruction,
the dead weeds remain prostrate and in place on the
bottom. If the weed mass is voluminous, the decomposi-
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tion may result in a depletion of oxygen which would
result in the creation of a nuisance which would be
temporary.

It is quite possible that sodium arsenite could be used
for the control of weeds in subareas such as shore line
beach areas, small bays, drainage ditches, canals and
channels.
There is a marked hesitancy to recommend the use of
sodium arsenite for weed control because arsenical compounds are recognized poisons. It is poisonous to dogs,
cattle, horses, humans and all other warm blooded animals. In the hands of untrained individuals its use in
the treatment of water could become extremely dangerous
to operators, to those who use the water, and to all forms
of life that it contains.
2. Chlorinated Benzenes.
These chemicals such as
orthodichlorobenzene, trichlorobenzene, dichlorobenzene
and naphtha actually kill weeds but the effect is only
temporary. The main difficulty with these compounds
is that they have been found highly toxic to fish. In
addition, their cost is high and would run up to $6O to
$75 per acre.
3. 2, 4-D (dichlorophenoxyacetic acid) and 2, 4, 5-T
(2, 4, 5 trichlorophenoxyacetic acid) in large bodies of
water or in hatchery ponds are not practical at present
because of the exorbitant expense involved. Effective
control in hatchery ponds could not be obtained with
these compounds at costs under $lOO per acre. It could
also impart an unpalatable taste to the water which might
be transmitted to fish caught in the pond.
4. Dyes. ■ The use of colored dyes of non-toxic nature
has proved to be successful in some areas of the United
States. The theory in their use is that the photosynthetic cycle of the plants will be broken by the exclusion of
light. A limitation to the use of these dyes is that the
only bodies of water in which they are effective would be
in landlocked ponds or lakes or those without any outlet
whatsoever. Another limitation is that if this dye proved
to be effective, the entire body of water would have to be
—
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treated. In over-all treatment the biological balance of
the pond might become so unfavorable that the cure would
be worse than the disease. The water soluble, aniline
dye, nigrosine, was tried for weed control in a small pond
of approximately one acre in size in Cambridge. This
pond is known as Blacks Nook and is between Fresh
Pond and Concord Avenue in Cambridge. The bottom
of this pond is covered with a dense growth of mare’s tail
or Hippuris vulgaris.
The surface of the pond was
with
a filamentous blue-green algae known as
covered
Tribonema. This pond was dosed with fifteen pounds of
nigrosine of the blue-black crystal type. Within four
days after the initial dosing the nigrosine had completely disappeared although this pond has neither inlet
nor outlet. It is believed that all of the dye was absorbed
by the filamentous algae. This type of treatment needs
further study before it can be recommended for general
use.

C.

Fertilization.

Commercial fertilizers are added to a pond in order to
induce a large growth of algae. The theory behind this
practice is that the excessive algae growth or “algae
bloom” will reduce light intensity below that amount
necessary for photosynthesis. The cost of this method is
approximately $4O per acre per year.
D.

Mechanical Methods.

This method of the control of
Cutting and Pulling.
pond weeds is not effective because of the very nature of
the pond weeds. When these weeds are cut by some
method such as using sickles or scythes, or underwater
mowing devices, fragments of these weeds are left scattered and floating in the water. These fragments are
incipient growths of future plants. In other words, each
one of these fragments may develop roots and grow into
a complete aquatic plant. From this it can be seen that
cutting and pulling might tend to increase the number of
plants rather than reduce them.
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As was previously stated, calcium and magnesium are
extremely important to plant growth. The greater the
amount of calcium, other things being equal, the greater
the plant growth. The average hardness of the water
at Spy Pond was 70 p. p. m. which makes this a hard
water. The amount of calcium present is approximately
21 p. p. m. and the amount of magnesium 5 p. p. m.
If the calcium and magnesium could be economically
precipitated (in a large body of water), this might prove
to be a successful method of weed control.

IX.

Mosquito Breeding

Conditions

in

Spy

Pond

The East Middlesex mosquito control project has been
responsible since 1945 for mosquito abatement in the
locality which includes Spy Pond, Little Pond and Alewive Brook. The superintendent, Mr. Robert L. Armstrong, reports that Spy Pond has not produced mosquitoes in any significant amount during their seven seasons
of observation.

X.

Little Pond or Little

Spy

Pond.

Little Pond is in the extreme northeast section of
Belmont adjacent to the Belmont-Arlington town line
and the Belmont-Cambridge boundary line. It is bordered on the north by the Concord Turnpike and on the
south by Brighton Street in Belmont.
It is included in the category of great ponds, as it has
a surface area of some 17 acres. Soundings were made of
the entire pond during the investigation, and the deepest
part, 7.9 feet, was established as adjacent to the outlet.
The average depth was 5.04 feet. The water level can
be altered drastically by the opening of Craddock Dam
in the Mystic River in Medford. Once during the investigation the level dropped 2 feet when the dam was
opened.

Little Pond is ordinarily fed by two sources. One is
water from Spy Pond, which discharges into Little Pond
by means of a 36-inch pipe at its north portion. How-
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ever, approximately 300 feet of this pipe leading from
Spy Pond has been broken for approximately one year,
with the result that no water has been entering the pond
from this source for this length of time.
The other outside source of water to Little Pond is in
Winn Brook which discharges at its southern extremity.
During the investigation this brook was dry. However,
this brook was surveyed to its sources in Wellington Hill,
Belmont, and no sources of pollution could be found.
Winn Brook drains a great many of the catch basins
along its path in Belmont.
Little Pond discharges into what is known as New
Channel. This canal connects Little Pond with Alewife
Brook to the east and becomes confluent with Alewife
Brook in Cambridge near the Cambridge-Arlington line.
A complete sanitary survey was made at Little Pond,
and it was found that all of the houses bordering it were
connected to the Belmont sewers. However, three storm
drains were found entering the pond waters. These
were dry except after rain storms.
A 24-inch pipe enters the pond at its southwest section. This is a
storm drain which drains lower Oliver Road, Stanton Road and
Lodge Road in Belmont.
2. A 15-inch pipe enters the pond at the northern portion. This is a
storm drain which drains upper Oliver Road, Gilmore Road and
Garrison Road in Belmont.
3. A 15-inch pipe enters the pond at its extreme southern portion.
This is a storm drain which drains Pond Street, Hill Street, part
of Brighton Street and part of the railroad bed. The location of
these outlets is marked on Plate 1 in section XIII,
].

Samples for chemical, bacterial, biological and dissolved oxygen determinations were collected at the pond
during the investigation. Three stations were selected
one at the south end where
for this sampling program,
Winn Brook enters, one at the center of the pond, and
one at the effluent of the pond. Eighteen bacterial samples w ere examined at these three stations. Of these
eighteen, only three did not meet prescribed limits for
swimming water as laid down by the U. S. Public Health

r
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Service. In all cases, these three high bacterial results
were after rain storms. Therefore, our sanitary survey
and our bacterial sampling showed that no significant
pollution was entering or was present in the pond.
Chemical samples were collected from this pond during
the period July 24 to Sept. 8, 1952. The following average results were obtained
P. p.

Total albuminoid ammonia
Free ammonia
Nitrates
Nitrites

0.015

Phosphates
Hardness
Alkalinity

m

0.692
0.316
0.143
0.098

.

.

.

Chlorides

123.00
115.00
26.00

The physical characteristics of the waters of this pond
were characterized by the following:
Average turbidity (p. p. m.)
Average color
Average pH

...

Average dissolved oxygen (p. p. m.) which yields an
average per cent saturation of 103.3

8.8
27
7.9
8.8

The chemical and physical analyses of the water showed
that it was similar to that of Spy Pond in that there was
a sufficient amount of minerals, a sufficient amount of
nitrogen, of phosphates and of dissolved oxygen. All
these factors occurred in ample quantities to be conducive
to a favorable vegetative and animal growth.
The bottom of the pond was thoroughly covered with
thick mud as it was at Spy Pond. The only place where
sand and gravel were observed was at the entrance of
Winn Brook.

The amount of vegetative growth in this pond was
considerable. The alga? growth was exceedingly abundant
during the investigation, and as in Spy Pond the alga;
which were predominant during this period were the bluegreen, or Cyanophycea;; the maximum number recorded
during this period was 20,000 standard units per ml. The
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highest average of blue-green algae was on July 29, 1952,
when it reached a maximum for the entire pond of approximately 16,000 standard units per ml. The predominant
genera of blue-green algae were Anabaena and Microcystis.

The higher aquatic plants were typified to some extent
by the three main categories which exist in ponds and
lakes, viz., the emergent type, the floating type and the
submerged type. The emergent vegetation was characterized by the cattail, or Typha latifolia, which was
present in large numbers along the northern and eastern
parts of the pond. The floating type of aquatic plants
was typified by what is commonly known as the Water
Chestnut or Trapa natans. The Water Chestnut is one
of the aquatic floating herbs of the evening primrose
family. The fruit, which is nutlike with four spiny angles,
is formed under the leaves and drops off when ripe. In
Europe it is roasted and eaten. A plant of the Old World,
it has become naturalized in the Eastern United States.
It is not the water chestnut of China but rather a floating
plant used chiefly in aquaria. At the beginning of the
investigation this particular floating plant was not noticeable in the pond. As the investigation progressed in
August and early September this plant increased in quantity so that it eventually covered approximately two
acres of the surface of the pond in the southern section.
The pond was examined again in the last week in October and the Trapa natans was entirely gone at that time.
There was no evidence that this plant in its spreading
growth created any nuisance at the pond. However, if
this pond were used to any extent for recreational purposes, such as boating, it definitely would interfere with
this

activity.

The submerged type of aquatic plants was characterized by the species Potamogeton crispus. This, however, was not present in any great quantity, but appeared
chiefly in the vicinity of the outlet of the pond and extended into the New Channel or canal which eventually
becomes the head waters of Alewife Brook.
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The New Channel, or the canal, which connects Little
Pond with Alewife Brook, was represented by these three
types of aquatic vegetation, viz., cattails along the banks,
Trapa natans in the water itself, and Potamogeton crispus
growing submerged in the bottom of the canal. The
Trapa natans and the Potamogeton crispus were observed to occur only as far as the mouth of Wellington
Brook, which enters the New Channel, or canal, before
it reaches the Concord Turnpike. The cattails, on the
other hand, extended along the banks of this canal as
far as the Concord Turnpike.
Biological sampling was made of the bottom of Little
Pond and here again certain Invertebrata such as Chironomidse larvae, certain species of snails and certain
species of mussels were found in sparse quantities.
For more specific information relative to the physical,
chemical and biological findings at this pond refer to
Graphs 9, 10, 11 and 12 in Section XIII.
Mosquito Breeding in Little Pond and New Channel.
Little Pond.
This pond and its bordering marsh and
swamp land was an important source of mosquitoes prior
to and during the first years after the East Middlesex
Mosquito Control Project was organized. About five
years ago most of the floating cattail growth was removed
from the pond margin and since that time a fairly uniform edge has been maintained. This procedure has
eliminated one type of mosquito. Frequent inspection
and spraying of the marshland has kept all other types
of mosquitoes under control.
Until the shallow northern part of Little Pond is made
deeper and the bordering marsh and swamp land is filled
and raised to a higher level, mosquito abatement will require a considerable annual expenditure of funds for
spraying and maintenance.
New Channel.
This canal connects Little Pond with
Alewife Brook to the east. The channel has produced
tremendous quantities of mosquitoes whenever it has
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been polluted with sewage during summer months. The
pollution has occurred twice as a result of construction on
sewer lines, and several times as a result of water backing
up from Alewife Brook.
When there has been no pollution and enough flow of
clean water out of Little Pond, there has been very little
mosquito breeding. If cattail growth and other water
plants are allowed to overgrow the channel it will produce mosquitoes regardless of whether or not there is
pollution. The Mosquito Control Project has done a
limited amount of mowing and raking out of cattail
growth during the last three years. It has also sprayed
the channel when necessary.
In the area near New Channel there are low marshy
places and ditches. Mosquito breeding is kept in check
by frequent spraying and ditch cleaning.
Conclusions.

I. Little Pond is well balanced biologically and has no
apparent active sources of pollution other than from natural surface wash from the drainage area.
2. This is an old pond as is evidenced by the type of
bottom and type of growth in the pond.
3. It is evident from the amount of algre in the pond
that they can create a nuisance. If they should reach a
nuisance stage they could be controlled quite readily by
dosing with copper sulphate.
4. The floating type of plant, viz., the Trapa natans,
did not seem to be producing any nuisance at the time
of the investigation. However, if it does reach the nuisance condition it may be controlled by the application
of 2, 4-D.
5. The shallow northern part of Little Pond should be
made deeper and the bordering marsh and swamp land
filled and raised to a higher level for mosquito control
purposes.

XL

Wellington

Brook.

The head waters of Wellington Brook are located in the
Pequossette playground area in Belmont. From this point
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it flows north underground until it reaches Leslie Road
where it swings west and continues in this westerly direction until it reaches the Boston and Maine Railroad.
Here, it again turns in a northeasterly direction, flowing
along the east edge of the railroad and still underground.
When it reaches a point near Royal Road and Common
Street, it smfaces from a 72-inch pipe. Near Royal Road
and Common Street, it bears east beneath Royal Road
and crosses the Underwood Estate. It passes north of
the swimming pool at the Underwood Playground where
it receives waste water from the swimming pool. After
leaving the playground it again goes underground and
runs east along Concord Avenue. It discharges into the
east end of Clay Pit Pond on the northern side of Concord Avenue. Clay Pit Pond discharges at its northeast
end into a 60-inch pipe. This is a continuation of Wellington Brook. The brook continues in a northeasterly
direction parallel to Hittinger Street. At the middle of
this street it bears east across Baker and Brighton streets.
Here it is again on the surface and crosses the town line
into Cambridge. In Cambridge just over the town line,
it immediately discharges into a small pond. This pond
discharges at its northerly end. It then flows beneath
the railroad tracks and joins Newr Channel from Little
Pond in Cambridge just east of the Cambridge-Belmont
line. The course of Wellington Brook is included on
Plate 2 of Section XIII.
A sanitary survey of the open sections of this brook
showed no sources of pollution.
Samples for chemical, bacterial and microscopical
analyses were collected. The chemical samples showed a
favorable amount of nitrates, some nitrites and a considerable amount of chlorides. This might be indicative
of past or present pollution, but high chlorides in the
water in this region seem to be a natural characteristic
and not necessarily indicative of pollution.
However, the bacterial examinations of samples collected at the 72-inch culvert where the brook comes to
the surface of the ground for the first time indicated
definite signs of pollution. On one occasion the bacterial
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sample at this point was positive in 0.01 ml. which is an
MPN of 23,000/100 ml. On one other occasion a bacterial sample taken at this point showed positive in
0.0001 ml. or an MPN of 2,300,000/100 ml. Town engineers of Belmont state that the area through which
Wellington Brook passes underneath the ground is
properly sewered.
Due to the great number of factors which were to be
investigated during this study and its time limitations,
it was impossible to explore all sources of pollution which
might be discharging into the subterranean portion of the
brook. It is felt that the town of Belmont should investigate that part of Wellington Brook which this investigation was unable to encompass.
This brook added practically no microscopic organisms
of any type to New Channel or to Alewife Brook.
XII.

Alewife Brook.

Alewife Brook has been a source of investigation by the
Department of Public Health for the presence of pollution since 1887. There have been many legislative investigations of this brook for the purpose of determining
methods to alleviate its polluted state. For example, a
few of these legislative investigations are as follows:
An investigation made under section 2 of chapter 445
of the Acts of 1904;
An investigation by the Metropolitan District Commission and the State Department of Public Health under
the authority of chapter 22 of the Resolves of 1930; and
An investigation by the Metropolian District Commission and the Department of Public Health under the provisions of chapter 42 of the Resolves of 1937. Many
others have been made through the years.
Plans for the construction of the Alewife Brook conduit, a relief sewer, which would alleviate the nuisance
conditions in this brook caused by pollution from the
various cities and towns on its banks, prepared by the
Metropolitan District Commission, were approved by the
Department of Public Health on April 26, 1948.
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The Alewife Brook conduit has now been completed,
and the Alewife Brook pumping station was ready to
operate at full capacity during the week of November 24,
1952.

With this pumping station in full operation, the sewage
which formerly entered Alewife Brook from the various
cities and towns bordering it, particularly at time of
storms, will be eliminated and the nuisance conditions in
the brook should be eliminated.
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Conclusions.

The results of the investigation can be summarized as
follows:

1. The investigation did not show any active sources
of pollution to Spy Pond other than those resulting from
the natural run-off of the populated drainage area.
2. The investigation demonstrated that Spy Pond is

biologically well balanced as evidenced by the abundant
and varied vegetative and animal life which it supports.
3. The water is naturally low in color, but at certain
times of the year the growth of algie causes an apparent
color of the water. The predominant organisms were the
blue-green Algas, or Cyanophycese, but no nuisance conditions were caused by these organisms during the summers of 1951 and 1952.

4. The emergent types of aquatic plants in this pond
were found to be in sparse quantities during the investigation and presented no nuisance problem.

5. The submerged type of aquatic plants, represented
chiefly by the water weed Elodea canadensis, were present
in profuse quantities and covered approximately 50 per
cent of the bottom of the pond from a depth of V/i feet
to a depth of 10 feet. The only section of the pond where
it presented a hardship to boating was in the northeast
cove.

6. Maintaining an elevation of the surface of the pond
between grade 9.8 feet and 10 feet, Boston City Base is
beneficial in preventing the submerged weeds from creating a nuisance.
7. Mosquito breeding was insignificant in or along the
shores of Spy Pond.
8. Little Pond is also well balanced biologically and
has no apparent active sources of pollution other than
that from the natural surface wash from the drainage
area.

9. Little Pond and the New Channel between this pond
and Alewife Brook are mosquito breeding areas, but the
good work of the East Middlesex Mosquito Control
Project has been effective in preventing a nuisance.
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10. Alewife Brook has been investigated by the Massachusetts Department of Public Health for many years,
and shows evidence of heavy pollution after storms.
This area has been one of the worst sources of mosquitoes
in Arlington, Cambridge and Somerville. This condition of pollution should be corrected with the completion
this year of the trunk sewer by the Metropolitan District Commission along this water course.
11. Samples collected from Wellington Brook showed
evidence of sewage pollution originating in the town of
Belmont. In spite of the fact that Belmont is adequately
served with sewers, apparently raw sewage is being discharged into the brook.
XV.

Recommendations.

It must be pointed out that great care should be exercised in carrying out any remedial means that would
upset the biological balance of Spy Pond. It is felt that
the following recommendations, if carried out by experienced persons, will have a beneficial effect upon the
pond:

1. Excessive growth of algae in Spy Pond and Little
Spy Pond can be controlled by the use of copper sulphate
applied by experienced personnel to prevent dosages being used that would be lethal to fish and other aquatic
life. A dose of 0.2 p. p. m. of copper sulphate would be
sufficient to control the chief forms of blue-green algae
present in these ponds, and yet stay within the limits nonlethal to the fish present in these waters.
2. Submerged aquatic plants might be controlled by
the use of sodium arsenite spraying. This should be
done on only small areas at a time by competent individuals, as sodium arsenite is a very potent poison. If
complete weed eradication is attempted the biological
balance in the pond could be upset and create a major
nuisance problem.
3. The surface elevation of Spy Pond should be maintained between 9.8 feet and 10 feet Boston City Base
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during the summer months, as this is the optimum elevation for preventing submerged plant growths creating a
nuisance. Submerged plant growths could be further
controlled by excavating the shallow portions of the pond
so that a depth of water varying from 9 feet to 10 feet is
maintained in the pond. It is estimated that the cost of
such excavation would be about $175,000.
4. The shallow northerly end of Little Spy Pond should
be deepened and the bordering marsh and swamp land
filled in order to reduce the expense of mosquito control
work about this pond.
5. Control works should be developed at Little Pond
to permit the discharge of an adequate flow of water into
the New Channel to prevent mosquito breeding.
6. An investigation should be made by the board of
health of Belmont to locate and eliminate any sewage
pollution now entering Wellington Brook in that town.
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