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REPORT OF THE DEPARTMENT OF PUBLIC HEALTH,
THE DEPARTMENT OF PUBLIC WORKS AND THE
DEPARTMENT OF NATURAL RESOURCES RELATIVE
TO A STUDY OF THE ELIMINATION OR CONTROL
OF SUBMERGED WEEDS IN CERTAIN GREAT PONDS
OF THE COMMONWEALTH.

November 27, 1957

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

In accordance with the provisions of chapter 28 of the Resolves
of 1955 the Department of Public Health, the Department of
Public Works and the Department of Natural Resources, acting as
a joint board, submit herewith a report on the resolve providing for
an investigation for the elimination or control of submerged aquatic
weeds. Chapter 28 of the Resolves of 1955 is as follows:

Resolved, That the department of public health, the department of public works
and the department of natural resources, acting as a joint board, and directed by
chapter sixty-seven of the resolves of nineteen hundred and fifty-three and chap-
ter sixty-five of the resolves of nineteen hundred and fifty-four, to make a survey
and investigation relative to the elimination and control of submerged weeds in
certain great ponds and tidal estuaries of the commonwealth, is hereby authorized
and directed to continue these investigations and surveys. The said joint board
shall report to the general court the final results of its investigation and its recom-
mendations, if any, together with drafts of legislation necessary to carry out the
same by filing the same with the clerk of the house of representatives on or before
the first Wednesday in December, nineteen hundred and fifty-seven. For the pur-
poses of carrying out the provisions of this resolve the said joint board may expend
the unexpended balance in budget item 2015-25 of chapter four hundred and fifty-
three of the acts of nineteen hundred and fifty-four and such sums as may hereafter
be appropriated therefor. Approved April 4, 1965.

In accordance with the provisions of chapter 28 of the Resolves
of 1955, representatives of the Department of Public Health, the
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Department of Public Works and the Department of Natural Re-
sources held a meeting on April 30, 1957. Mr. Malcolm Graf of
the Department of Public Works was re-elected chairman of the
joint board. Mr. Alan Kennedy of the Department of Natural
Resources was re-elected vice-chairman, and Mr. Mario Boschetti
of the Department of Public Health was elected secretary.

The appropriation under which this investigation was initiated
appears as Item 2015-25 in chapter 675 of the acts of 1953, which is
the supplementary budget and is worded as follows:

For certain studies as authorized by chapters thirty-nine, forty,
forty-one and sixty-seven of the resolves of the current year . $15,000

A further appropriation to conduct this investigation is included
as Item 2002-25 in chapter 784 of the acts of 1955 and is worded
as follows:

For the continuation of certain studies, as authorized by chapter
twenty-eight of the resolves of the current year, to be in addi-
tion to the amount appropriated in Item 2015-25 of section two
of chapter four hundred and fifty-three of the acts of nineteen
hundred and fifty-four

........ $25,000

The present study conducted under chapter 28 of the Resolves of
1955 into the elimination or control of submerged aquatic weeds is
a continuation of studies initiated under chapter 67 of the Resolves
of 1953 and chapter 65 of the Resolves of 1954. Essentially the
same methods of procedure employed in the earlier investigations
were utilized in carrying out the present research program. The
types of weeds experimented upon are embraced by the general
classifications included in the Report of the Departments of Public
Works, Public Health and Natural Resources (Senate Document
No. 551 of December 1, 1954).

As in the past, numerous complaints and requests for assistance
relative to the control or elimination of nuisance and health hazards
caused by heavy growths of aquatic weeds have been received by
the Department of Public Health. The conditions were expressly
affecting the pursuit of the various water recreational activities
and the public health. The danger to the public health lies in the

Introduction.
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swimming conditions which exist in waters choked with aquatic
weed growth. A child who suddenly feels himself entrapped by
these long, slender and slimy growths may at times experience a
fit of panic, and in this state, the grave danger of drowning exists.
These slimy growths, when they impinge on rocks and wharves,
may well be the cause of accidents which can assume disastrous
proportions. Nuisance odors tend to arise from such areas when
the vegetation decays, mostly due to the influence of the sun’s rays.
The free floating types of aquatic weeds, such as Elodea and Utricu-
laria, wall tend to accumulate on leeward shores in large masses
forming a mat-like cover on the water sometimes extending to
depths of three to four feet or more. Under these conditions the
water in the area becomes stagnant and usually a heavy growth of
algae (minute microscopic plants) ensues. On hot, sunny days the
growth of the vegetation in these areas, exceeding the supply of
available nutrients, eventually dies and decomposes. The de-
composition products ultimately revert into stable inorganic salts
with the concomitant release of noxious gases. It is felt that the
control or eradication of aquatic vegetation is the only means of
alleviating such nuisance and hazardous conditions in many of the
ponds and lakes in Massachusetts.

It might be noted that other States throughout the country are
also faced with these same problems. Generally speaking, along
with Massachusetts, they are convinced that the only practical
method for aquatic weed control lies in the application of various
herbicides. Experiments along this line have been going on for a
number of years and in a few of the States legislation has been
passed in order to regulate the application of chemicals to waters
by private interests. Wisconsin is among those which have adopted
such regulations and during 1956 forty-two lakes in Wisconsin re-
ceived some form of chemical treatment. New York is currently
formulating regulations along these lines. It is recognized that in
the hands of untrained individuals the application of many of the
chemicals used in aquatic weed control could become an extremely
dangerous activity, the consequence of which might not only affect
the applicator but also those who use the water and to all the life
that it supports.
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Methods of Aquatic Weed Controi
Before the advent of aquatic herbicides, methods employed in

the control of aquatic vegetation were restricted to purely mechani-
cal means. These, methods employed such tactics as (,1) hand
pulling, a laborious and time-consuming method which could only
be practical in limited areas; (2) raking; (3) chaining, which con-
sists briefly of dragging a chain of rather great dimensions between
two boats in order to uproot the vegetation; and (4) mechanical
cutting, which entails cutting of the weeds at some point below the
water’s surface by a motor-driven cutting bar. All of these methods
give rise to the added problem of the disposal of the uprooted or cut
vegetation. If the methods of disposal are not satisfactory, added
nuisance conditions caused by decomposition come into play. A
more serious problem, possibly, would often arise from new growth
of weeds stemming from the ungathered clippings and it would not
be too long a time before the problems caused by the original vege-
tation were multiplied many fold by the subsequent new growth.
The natural phenomenon of regrowth of whole plants from small
fragments is also exhibited to a lesser degree among land plants.
In aquatic plants this process is continuously taking place and
probably accounts for a great percentage of the growth which
aquatic plants will exhibit in one growing season. In this respect,
indiscreet use of motorboats would be a major factor in increasing
the weed population of certain ponds.

Experience with the new chemical methods of weed control has
pointed up the. fact that, since the attacked vegetation ultimately
decomposes wholly, the problem of regrowth springing from smaller
sections of whole plants can be eliminated. Field trials in Massa-
chusetts demonstrate this conclusively and it has been found that
regrowth in treated areas is due generally to the following factors:

1. Reinsemination the process of regrowth of weeds in a clean
area due to reseeding.

2. Reinfestation —• the process of regrowth of weeds in a clean
area from fragments of weeds blown or otherwise transported into
the area.

3. Incomplete kills a regrowth of weeds manifests itself under
the following conditions:
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(a) When an insufficient amount of chemical is added for treat-
ment

(5) When the chemical is unevenly distributed.
(c) When the chemical concentration or the contact time is

lowered beyond the toxic limits.
The method of the application of the various herbicides to waters

infested by heavy weed growths has also been a subject of study.
The majority of chemicals must be well mixed with water first, for

jlpiost a suspension is the best that can be accomplished, and then
applied in such a manner that will insure even distribution. For
this, it has been found that spraying of the chemical is the only
practical solution. The spraying can be accomplished by the follow-
ing methods:

1. By use of a motor-driven mechanical pump, or
2. By use of one of the various kinds of hand-operated sprayers.

The former method, of its very nature, is at once more efficient and
economical to operate. Large areas can be treated with less expense
of time and energy. Both of these methods were used during this
study.

Chemicai
Herbicides in use for the control of vegetation by merit of their

mode of action fall generally into one of the five following categories;
1. Non-selective Herbicides. One which destroys all vegetation.

Sodium chlorate is a good example. When applied to vegetation,
it kills all plants growing in the area. Others in this group are
sodium arsenile and the dinitros.

2. Selective Herbicide. One which will destroy some plants
but not others. These are the ones usually used to destroy weeds
in crops £,4~D, for instance, can be used to destroy broad-leaved
weeds in grass crops, small grains and grass turfs.

3. Contact Herbicide. One which burns or kills plants by direct
Oils and dinit

- to destroy annual weeds
examples. They are used mainly

4. Translocated Herbicide. One absorbed by the plant and
carried to other parts, particularly from the leaves to the roots

L-D is a translocated material. rials are most effective
for the control or eradication of deep-rooted perennials
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5. Soil Sterilant. A material which when applied to the soil
prevents plant growth. CMU is one of the most lasting soil steri-
lants. They are only recommended for use on non-agricultural lands.
When used in waters for the control of aquatics, care must be exer-
cised to prevent it from being carried into adjacent areas where
valuable vegetation exists.

Field Studies
During the years 1955 through 1957the following ponds and lakes

were chosen for experimental research into the chemical control of
aquatic vegetation:

Miramar Swimming Pool in Duxbury, Upper and Lower Ponds
in Breakheart Reservation in Saugus, Cole’s Pond in Boxford, Para-
dise Cove on Charles River in Waltham, Musquashiat Pond in
Seituate, Mill Pond in Danvers, Black’s Nook in Cambridge,
Flannagan Pond in Ayer, Foster Pond in Andover, Prindle Pond in
Charlton, Sandy Pond in Ayer, Stockbridge Bowl in Stockbridge,
Spy Pond in Arlington, Nuttings Lake in Billerica, King’s Pond in
Plymouth, Strait’s Pond in Hull, Glue Factory Pond in Mansfield,
Manet Lake in Quincy, Cranberry Meadow Pond in Spencer,
Blake’s Pond in Weston and a small private pond in Millbury.

The following ponds were subjected to the physical method of
lowering of the water level for weed control:

Lake Shirley in Lunenburg and Buswell Pond in Gloucester.
Requests for the elimination of aquatic vegetation, were received

in great numbers from citizens of the Commonwealth. In a large
number of instances consideration of various factors, such as ri-
parian water rights, use of the water for culinary and drinking pur-
poses by abutters, weed growth unsuitable for chemical treatment
and uncertainty as to whom the water rights belonged, prevented
the undertaking of chemical treatment. Surveys and investigations
of various kinds were made at these ponds and a record kept for
future reference. These places include Furnace Pond in Pembroke,
Lake Populatic in Norfolk, Gleason’s Pond in Framingham, Onota
Lake in Pittsfield, Baddacook Pond in Groton, White Pond in
Athol, Crystal Lake in Palmer and Mystic Lake in Winchester.

Examination of the various lakes and ponds chosen for aquatic
weed control included the following factors:
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1. A sanitary survey was made to determine the extent of pollu-
tion contributed to the pond and whether or not this might be a
factor in the promotion of weed growth.

2. A physical survey of the pond was made in order to determine
inlet and outlet flows, temperature, depth and area of water, and
type of bottom.

3. A biological survey was made to determine the extent and
type of the aquatic growths.

4. Samples were taken from each pond and submitted to micro-
scopic and chemical examination. These samples were taken both
before and after chemical treatment.

During the years of this report all of the common submerged
aquatic weeds which cause nuisance conditions in our ponds and
lakes have been experimented upon with one or another of the
known herbicides. Aquatic weeds present in Massachusetts and
the general classification in which they fall are listed in the 1954
Report of the Division of Sanitary Engineering to the Joint Board
on Weed Control (Senate, No. 551). A brief summary of this work
follows;

Aquatic plants generally fall into one of three wide categories.
viz.:

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, Nymphaea.

3. Submerged. —• Those which are continuously submerged except
sometimes for floating, or emergent flowers, such as water weeds,
Elodea.

The investigation again was aimed at the elimination of the sub-
merged species as these give rise to a greater number of nuisance
conditions than the other types.

The results of the investigation carried on under chapter 28 of
the Resolves of 1955 are included in detail form in the report of the
Division of Sanitary Engineering which is attached hereto. The
results of that report are summarized as follows:
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Summary of Results op Field Work.
1. The submerged variety of aquatic weeds cause the greatest

number of nuisance conditions. These conditions include; im-
pairment of such sports as swimming, boating and fishing which
are sometimes rendered impossible and even dangerous; odor and
nuisance conditions arising from the decomposition of aquatic
vegetation; and a general biological imbalance which can result
in a stunted fish population and conceivably in the degradation
of an erstwhile enjoyable natural resource to an aquatic “no man’s
land.”

2. The most common types of submergents encountered were
various species of Potamogeton (pond weeds), Elodea (water weeds),
Utricularia (bladderwort), Myriophyllum (water milfoil), Cera-
tophyllum (coontail) and Cabomba (fanwort).

3. One attempt was made to control Ruppia (sea or ditch grass)
in brackish waters with little success. The treatment was appar-
ently carried on too late in the growing season. Attempts at algae
control were also carried on in small sections of large ponds. This
phase of aquatic vegetation control merits further study.

4. The various herbicides and soil sterilants tried during this
project are as follows: Sodium arsenite, Phygon-XL {2,3-dichloro-
-1 ; CMU ( Telvar-W) 3{p-chlorophenyl-l, 1-
dimethylurea) ; Benoclor, a chlorinated hydrocarbon; Delrad
( dehydroabietylamine acetate ); TUBA (2,3,6-trichlorobenzoic Acid)-,
Kuron (Sylvex 2{2,4-,3-trichlorophenoxy Propionic Acid)-, 2,4~L>

2,4,5-T {2,4,5-trichtorophenoxy-
lSkfit two chemicals called Brush

(2, If.-dichtorophenoxyacetic Acid);

acetic Acid) and a mixture of these
Killer, Low volatile No. 2.

5. Of the chemicals experimented with, Sodium arsenite, Kuron
d Benoclor showed the greatest amount of promise in the control

of submerged aquatic weeds. The use of Benoclor, because of its
high order of toxicity to fish, must be restricted to the control of
aquatics in places where fish mortality is of no consequence.

6. Phygon-XL and CMU, chemicals which have shown some
promise in the past, did not prove to be as effective in the control
of aquatics as early studies indicated. However, when these chemi-
cals were used along with Sodium arsenite it was found that the
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herbicidal action of Sodium arsenite was enhanced. In the case of
Phygon this may be attributed to its rapid mode of action (it attacks
the aquatic vegetation within two or three days) which leaves the
plant more vulnerable to the action of Sodium arsenite. In the ease
of CMU, enhancement occurs by virtue of its soil sterilizing proper-
ties. It has been found that neither of these chemicals used alone is

,re practically feasiblc

7. Some work was done on the spot control of algae (microscopic
plants) with Copper sulphate and Phygon. The study indicates that

0 it is practically impossible to control algae for any appreciable
period of time when small areas of large ponds are treated.

8. It was found that by employing a motor-driven pumping unit
instead of the knapsack and other hand-operated pressure spraying
equipment much time and effort could be saved in the field. An
area which formerly took four hours to spray could be sprayed in
less than one hour.

9. In heavily weed-infested waters, it was observed that the
outboard motor was rendered useless, and rowing, a laborious and
time-consuming method of locomotion, had to be utilized. This
problem was met by the use of an “ Airboy ” outboard air drive
motor, a small replica of the air-motors used in the Florida Ever-
glades. It was found that the “Airboy” was capable of propelling
over one thousand pounds of personnel, chemicals and apparatus
over heavily weed-infested shallow waters.

Laboratory Studies

In order to ascertain the toxic levels of some of the aquatic
herbicides to fish, experiments were conducted at the Lawrence
Experiment Station of the Division of Sanitary Engineering, De-
partment of Public Health. For these experiments the shiner
(•Notropsis hudsonius ) taken from streams in Lawrence served as
the test animal. The chemicals used were Sodium arsenite and
Phygon-XL, two of the most promising herbicides. The shiners
were exposed to varying concentration of the chemicals in aquaria
and records were kept of their mortality rates which were expressed
as median tolerance limits (TLm), the concentration of chemical
which is fatal to just fifty per cent of the test animals for the specified
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exposure periods. The 72-hour TLm for Sodium arsenite, expressed
as arsenic, was found to be 26 parts per million. For Phygon-XL
the 24-hour TLm was established at 87 parts per billion. It was
observed that the mode of action of this chemical is such that
exposure periods of longer than 24 hours could not be established.
The fish either reacted violently to the chemical within 24 hours oror
became tolerant to it.

Toxicological studies to establish the toxic level of Phygon to
mammals were undertaken at the Biologic Laboratories of the De-
partment of Public Health. These experiments are not yet com-
pleted. The preliminary results using the white rat as the test
animal indicate that Phygon is not an economic poison, as defined
by the Federal Regulations, “an insecticide, fungicide or a rodent-
icide having an oral LD so (TLm) of 50 mg or less per kilogram of
body weight must be regarded as an economic poison highly toxic
to man.” Further research along this line is indicated. Phygon is
reportedly an excellent algicide and hi low concentrations has
proved very effective against the blue-green algae (Cyanophyceae),
which are the major cause of odor and taste problems in many of
the reservoirs.

Toxicological data on the various chemicals employed for the
control of aquatic weeds are generally available from the various
manufacturers. However, when these data were not supplied,
attempts were made to ascertain this information through experi-
mentation.

Conclusions.

1. Chemical treatment of ponds and lakes for the control or
elimination of aquatic vegetation shows promise.

2. It is extremely difficult and practically impossible to control
aquatic vegetation in small areas of large ponds by chemical treat-
ment unless such treatment is continually practiced.

3. Sodium Arsenite, Kuron, and 2,4,5-T are the chemicals
which show most promise at this time in the eradication or the
control of aquatic vegetation.

4. The most efficient and economical method of application for
the control of vegetation lies in the use of a power sprayer.

5. Experience with new chemical methods of weed control has
shown that, since the attacked vegetation ultimately decomposes
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wholly, the problem of weed growth springing from smaller sections
of whole plants can be eliminated. Field trials in Massachusetts
demonstrate this conclusively and it has been found that weed
growth in treated areas is due generally to the following factors:

(a) Reinsemination. The process of regrowth of weeds in a
clean area due to reseeding.

(,b) Reinfestation. The process of regrowth of weeds in a clean
area from fragments of weeds blown or otherwise transported into
the area.

(c) Incomplete Kills. A regrowth of weeds manifesting itself
under the following conditions:

1. When an insufficient amount of chemical is used for treatment.
2. When the chemical is unevenly distributed.
3. When the chemical concentration or the contact time is lowered

beyond the toxic limits due to uncontrollable factors such as wind
direction and velocity or heavy rains.

Recommendations.

1. This investigation should be revived and continued for two
or three years, as a definite need for an adequate method of con-
trolling aquatic vegetation exists. The results of the current study
indicate strongly that the chemical method should be further pur-
sued with the view of treating several whole ponds in the future.

2. If this investigation is continued, provisions for its continu-
ance should be made early in the year. The Joint Board feels that
125,000 per year for the next two years will be needed in order to
successfully carry out the aquatic weed program. This money
should be appropriated early in the year in order that chemical
treatment can be pursued at the time of active growth of the aquatic
weeds.

3. The unexpended balance of chapter 784 of the Acts of 1955
should be carried over. This should be effected as soon as possible
so that laboratory studies may be continued and certain ponds
could be treated early in the spring of 1958.

4. Further field studies should be carried out with Kuron, one of
the most promising herbicides. Also laboratory toxicity studies
should be undertaken with this chemical.
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5. New herbicides and soil sterilants should be studied a
are developed.

they

Respectfully s übmitted

DEPARTMENT OF PUBLIC HEALTH
Samuel B. Kirkwood, M.D.,

Commissioner of Public Health
Gordon M. Fair, 8.5., Dr.lng.
William H. Griffin, D.M.D.,
Paul J. Jakmauh, M.D.,
Raymond L. Mutter,
Conrad Wesselhoept, M.D.
Charles F. Wilinskt, M.D.,

Public Health Council

Anthony N. DiNatale,
Commissioner.

Fred B. Dole,
Lewis J. Fritz,

Associate Commissio
Rodolphe G. Bessetti

Birector Division of Waten

\ers

DEPARTMENT OF NATURAL RESOURCI

Francis W. Sargent
Cow M ;r.

DEPARTMENT OF PUBLIC WORKS

Charles L. McLaughlin,
Director of Fisheries and Game



No. 3041.1958.] HOUSE 15

Resolve authorizing the revival and continuance of an in-
fvESTIGATION RELATIVE TO THE STUDY OP THE ELIMINATION OR

CONTROL OF SUBMERGED WEEDS IN CERTAIN GREAT PONDS OP
THE COMMONWEALTH.

1 Resolved, That the department of public health, the depart-
-2 ment of public works and the department of natural resources,
3 acting as a joint board, and directed by chapter twenty-eight
4 of the resolves of nineteen hundred and fifty-five, to make a
5 survey and investigation relative to the elimination and control
6 of submerged weeds in certain great ponds and tidal estuaries
7 of the commonwealth, is hereby authorized and directed to re-
-8 vive and continue these investigations and surveys. The said
9 joint board shall report to the general court the final results of

10 its investigation and its recommendations, if any, together with
11 drafts of legislation necessary to carry out the same by filing
12 the same with the clerk of the house of representatives on or
13 before the first Wednesday in December, nineteen hundred and
14 sixty. For the purposes of carrying out the provisions of this
15 resolve the said joint board may expend the unexpended bal-
16 ance in budget item 2002-25 of chapter seven hundred and
17 eighty-four of the acts of nineteen hundred and fifty-five and
18 such sums as may hereafter be appropriated therefor.

I

Appendix A.

PROPOSED LEGISLATION.
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Appropriation number 2002-25, chapter 28, Resolves of IS
Appropriation expired December 4, 1957.

Financial statement verified under requirements of chapter 7,
lection 19 of the General Laws, May 7, 1958.

J. T. O’SHEA,
For the Comidroller.

Approved for publishing.
FRED A. MONCEWICZ,

Comptrollers^

Appropriation. Expended. Encumbered. Balanc

salaries, othi $11,960 00 $11,160 14 - $799

1,900 00 542 50 $57 50 1,300 00

4,500 00 1,863 23 54 18 2,582 59

1,090 00 201 53 98 47 790 01

03 Service, non-employee

07 Laboratory .

10 Travel

*5O 00 57 55 39 17 53 28
11 Advertising and printing

13 Special expenses . 300 00 73 39 48 61
14 Officeand administration exp<
15 Equipment .

200 00 176 14 21 93 1 93
4,400 00 3,612 67 - 737 33

16 Rentals 500 00 47 82 427 18 25 00

Totals $25,000 00 $17,734 97 $747 04 $6,517 99
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Department of Public Health,
Office of Division of Sanitary Engineering

Room 511, State House, Boston, December 4, 19.$

To the Joint Board on Weed Control.
Gentlemen. Herewith is submitted a report relative to the field

studies that were made by members of the staff of the Division of Sani-
tary Engineering to determine the best methods of elimination or control
of aquatic weeds in ponds as directed by chapter 28 of the Resolves of 1955.

At a meeting of the joint board a general program was laid out for in-
vestigation of the growth of weeds in ponds and their control, specifically
with the use ol chemicals. It wT as decided that the facilities of the Divi-
sion of Sanitary Engineering would be utilized, since it had on its staff
biologists and chemists as well as laboratory and research facilities.

There were difficulties in obtaining permission to do experimental work
in certain of the ponds. In addition, the cost of chemicals is relatively
high, so in order to stay within the appropriation made available for these
studies it was necessary to use some of the smaller ponds or very limited
areas in the larger ponds.

11. Aquatic Plants.
This study is concerned with aquatic plants. The teim “aquatic plant”

is open to wide interpretation. However, aquatic plants are normally in-
terpreted as being those which start in water and must grow for at least
part of their life cycle in water, either completely submerged, partially

or floating on the surface. We have been primarily concerned
With the submerged type of aquatic plants. Generally, aquatic plants can
be grouped into three categories, viz.;

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, Nymphaea.

REPORT OF THE DIVISION OF SANITARY ENGINEERING.

I. Introduction
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3. Submerged. Those which arc
times for floating,' or emergent flow'

continuously submerged except some-
irs, such as water weeds, Elodea.rch as water weeds, Elodi

Emergent Vegeta

A.s mentioned before, the emergent vegetation is littoral or found grow:e

along the shore lines of a pond or lake. The basal portion of the
particular plants is submerged, whereas the main part of the plant is aerial
Various types of emergent plants which have been found during these in
vestigations include the two common species of Typha, or cattails, broaT
leaf cattail and narrow leaf cattail, pickerel weed, Pontederia cordatfc
arrowhead, Sagittaria; water willow, Decodon.

This investigation has not been concerned chiefly with these particular
weeds, as in most cases they can be controlled by some of the herbicides
which have been known for a number of years, such as or Animate.

Floating Vegetation.

Floating vegetation in lakes or ponds is generally represented in this
area by yellow (Nuphar ) and white (Nymphaea) pond lilies, and water
shield or Brasenia. This type of plant may cause much trouble in ponds,
especially in areas where there is a large overgrowth of pond lilies. In
many cases these plants can be controlled by the application of 2,4-D and
2,A,5~T. Also included in the floating type of vegetation are some of the
algae which grow on the surface of the water and form huge, unsightly
masses.

Submerged Vegetation
This investigation has been more concerned with submerged vegetation

than any other type. This type of vegetation has been represented in our
studies by a number of common genera. The most prevalent genus found
in lakes and ponds is Potamogeton. The next most prevalent, especially
in the larger ponds, is Myriophyllum. Utricularia and Elodea are prominent
in the plant communities of the smallerponds. In br ackish waters Ruppia
was found to be the predominant genus. Other forms of submerged vege-

tation of higher plants we have encountered that are, at least locally
abundant are Vallisneria, Cabomba
merged vetetation, which is not a hi
Chara.

and Ceratophyllum. A form of sub-
;her plant, belongs to the algae grorm^
would be worth while to include hereFor future reference we believe it

types of submerged weeds founddescription of the more commo:

Potamogeton (Pond Weeds
These are the most prevalent of the submerged aquatic weeds. In some

species there are two types of leaves on the same plant, floating and sub-
merged. The floating leaves are fine in texture and usually oval in shape.
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Those growing under the water are thin and membranous and are much
longer than wide. The leaves and branches are alternate on the stem. One
reason for the prevalence of pond weeds is their many means of reproduc-
tion. They not only reproduce by seeds and creeping roots, but some
species have small tubers in the mud. Some species form winter buds
(compact clusters of leaves) which drop to the bottom of the pond in the
fall and lie dormant in this stage until growth begins in the spring. Most
pond weeds also regenerate from the pieces of plant broken off by water
action or by mechanical means. A few of these pond weeds tolerate or
|trive in saline or alkaline waters, but the majority require fresh water.
"The plant which is found chiefly in alkaline or saline water is Potamogeton

species of Poiamogeton. These
1, especially for water fowl,
important single water fowl

peciinatus. There are about sixty-five known
species are good to excellent forms of foo
Potamogeton pectinatus is probably the mos
food plant on the continent.

Vtricularia (Bladderwort).
rmerged or floating rootless aquatic In the absence of the true

and the leaves may be modi-
■ absorptive organs. In some
mean, colorless and root-like,
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roots even in the seedling stage the branche
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m branching. Leaves oval,
}s are rooted on the bottom
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1. Piaiand sometimes purple ti

and sometimes form extensive floating mas
reproduction is chiefly from fragments of p
water. These plants were most prevalent i
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whose stems root in the
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t Perennials with submerged, creeping or me with
creeping root stocks, leaves whorled or alt
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Ceratophyllum (Coontail).
Plants submerged entirely, without r ilive green appearance

in the water. These plants derive their name from the dense coontail-
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like tips of the branches which have a ring-like appearance. Early in the
growing season the plant grows upright with the lower part of the stem
serving for anchor and probably also for absorption of nutrients. Later in
the season many of the plants more or less float near the surface of the
water, the tips of the branches shorten and thicken, break and sink to the
bottom to act as winter buds and develop into new- plants. Seeds are
formed; however, roots are absent even in seedlings. The plant also
propagates by fragmented portions. In deep water vegetative plants may
be found throughout the winter, even under the ice. Two distinct species
occur in the United States; both are widespread and common in ponds
shallow lakes. They are usually found in hard water. This plant is not
of much value as animal food.

Cabomba (Fanwort).

A rooted submerged plant with slender branches, stems and opposite or
whorled leaves. This is a common aquarium plant, frequently used in
fish bowls as an oxygenating plant.

Ruppia (sea or ditch grass).
This plant belongs to the same family as the various species of Potamoge-

ton, viz., the pond wr eed family. However, it is found chiefly in brackish
waters along the Atlantic Coast as wr ell as in alkaline lakes, ponds and
streams of the western United States. It is a submerged perennial with
single or much branched stems and reproduces by seeds and creeping root
stocks. Rxippia is an excellent food for water fowl.

Chara (Stonewori )

These plants do not belong to the highei plants or seed plants. They
belong to a group of plants known as algae. They are unique in that they
possess cylindrical whorled branches. The plants are grayish green and
many are branched. While they do not possess roots, the lower end of the
stems is imbedded in the silt. The plants are often encrusted with lime
which gives them rigidity, and they have a gritty feeling when rubbed
between the fingers. Chara reproduces from pieces of stem and spores.
Nitella is another species of this group of algae.

The plants mentioned above were those with which this project was
generally concerned. There are many more submerged plants than
named, but these are the plants upon which the experiments were
formed.

111. Chemicals
The control of aquatic weeds by the use of chemicals is certainly not a

new idea. However, in general, the chemical treatments of submerged
aquatic weeds have shown very spotty results. The following materials
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seemed to give the greatest hope of some control of aquatic weeds, and
were put into use during the summers of 1955, 1956 and 1957.

Sodium Arseniie (Atlas “A”).

The chemical most commonly used and the one which showed the
greatest promise in the control of aquatic weeds from 1955 to 1957 is
Sodium Arseniie (Atlas “A”). Atlas “A” is a 40 per cent solution ot
sodium arsenite containing 4 pounds of arsenic trioxide per gallon and
"anufactured by the Chipman Chemical Company. Atlas “A” solution
vines in 5, 30 and 55 gallon drums. Screening work done by the Chipman
Company has shown that, in small lakes and ponds during the warm grow-
ing season, 4 parts per million ot arsenic trioxide will kill even the heaviest
growth of plants in both hard and soft waters. Among the plants reported
killed by less than 5 parts per million of arsenic trioxide were Elodea,
Myriophyllum, Ceralophyllum, Potamogeton and Uiricularia, Cattails, Chara.
The “roots” of Water Lilies are reported as being unaffected by sodium

During this study rates of less than 10 parts per million were not used,
as whole pond treatment was not undertaken.

Arsenical compounds are recognized poisons and must be handled with
care. Protective clothing is recommended when spraying to avoid skin
irritation. It has been shown that certain species of fish can withstand
up to 30 parts per million of the chemical with no adverse effects.

CMU ( Monuron).

Another chemical which showed some promise in field work was CMU
(Telvar W), 3-(p-chlorophenyl)-l, 1-dimethylurea.

When this study began, CMU was available in two forms, one
80 per cent wettable powder, the second as a pelletized material. The
manufacture of the pelletized form has been discontinued by the DuPont
Company. The wettable powder comes in 10 and 50 pound drums. On
terrestrial weeds this material has shown excellent kill and the ability to
prevent regrowth, by sterilization of the soil, for several years. According
to previous workers, as little as 40 pounds per acre sterilized that particular
fjrea for up to three or four years. This chemical has been shown to have a
'iLtively low order of acute oral toxicity. No instances ot dermal toxicity,

skin sensitization or skin irritation in humans have been reported during
two years of commercial use or during several years of DuPont and institu-
tional investigative field work, nor from the present investigation. Fish
appear to have a high level of tolerance to high dosages of this material.

e drawback to the use of CMU, unless it is effective for three or fourOne dr
itial cost. The material at present costs $3.75 per pound

1953 showed that this material waField experiments in New Jersey i
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effective against submerged aquatic weeds under certain conditions and
was worthy of further investigation. Among the plants reported killed by
less than 60 pounds per acre of CMU was Elodea, one of the plants with
which this investigation is primarily concerned. Chara, Myriophyllum
and two species of Potamogeton were reported as not being controlled by
CMU.

In order to apply this material it must be continuously agitated in order
,o keep it in suspension. Thus, an agitator-type sprayer must be employed.

Phygon-XL.

Dichlone is the official generic name for 2,3-dichloro-T, 4-naphtho-
quinone. It is more commonly known as Phygon and is the active com-
ponent of Phygon-XL, a product of the Naugatuck Chemical Division of
the United States Rubber Company. Phygon-XL is a5O per cent active
wettable porvder which comes in 4 pound bags. Several investigators have
run tests and found that Phygon-XL applied at varying dosage rates is
effective in controlling Elodea, Myriophyllum, Ceratophyllum and trvo

recies of Potamogeton.
It has been found that Phygon-XL is relatively nontoxic to man and

animals although it may cause irritation of mucous membranes. In general
id from the areas in the field whereno serious fish kill has been report

Phygon-XL has been under test.
Since Phygon-XL is insoluble in w

employed in treating ponds and lake
a ter, an agitator type sprayer must be
s with this chemical.

Kuron

Kuron, also called Siivex, is a substituted phenoxyaliphatic acid. Its
chemical formula is 2 (2,4,5-trichlorophenoxy) Propionic Acid. It is a
growth regulating compound which is absorbed by the leaves and stems
and translocated to other parts of the plant. Kuron, more specifically,
is an emulsifiable formulation containing mixed propylene glycol butyl
ether esters, containing 4 pounds per gallon, of active ingredient as of
1957. Kuron is produced by the Dow Chemical Company of Midland,
Michigan. It has been found to be effective against broad-leafed land

i numerous field tests for the
ihow that it is toxic to fish in con-

plants and recently has been subject t
of aquatic plants. Laboratory tests

ion. For aquatic weed control work
million are employed.

entrations higher than 5 parts per mi
ioncentrations of less than 3 parts pe

Benoclor

hydrocarbon manufactured by theBenoclor is a chlorinated aromatic
Cloroben Chemical Corporation, New Jersey. This material has been
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used for many years in the control of weeds in irrigation ditches. Because
of its known toxicity to fish, its use for the control of aquatics in ponds
and lakes has been limited.
2,4~D.

2,4~D (2,4-dichlorophenoxyacetic Acid), is a plant hormone which affects
the internal functioning of susceptible plants apparently by disrupting
some vital enzyme sequence. 2, 4~D is manufactured in several formula-
tions by the Chipman, Monsanto, and Dow Chemical Companies. It
is non-poisonous to humans and animals. 2,4—D is effective against
broad leaf plants and therefore is used almost exclusively against Water
Shield and Water Lilies. A spreader-sticker is recommended when topical
application is practiced.

2A,5~T.
A chemical related to 2,4~D is one called 2,4,5-T (2,4,5-trichlorophenoxy-

acetic Acid). This compound is also effective in controlling broad-leafed
plants. A combination of 2,4~D and 2,4,5-T has also been formulated
and found to be very effective for the control of Lilies. 2,4~D and 2,4,5-T
a 50 per cent mixture of the above chemicals is also available for weed
control work.

Ammate-X
Ammate-X (Ammonium Sulfamite), manufactured by the DuPont

Chemical Company, is primarily a terrestrial weed and brush killer. Its
of emergentuse is restricted to the eradication

Delrad.
Delrad is another product of th Chipman Chemical Company and is

specifically designed for the control of algae in ponds and lakes. Delrad
is produced in two formulations, one containing 50 per cent active in-
gredient (technical abietylamine acetate), 39 per cent water and 11 per
cent isopropyl alcohol, and the other containing 70 per cent active ingredi-
ent and 30 per cent water. Field trials employing Delrad as an aquatic
herbicide have shown some promise. The high concentrations necessary,
however, prohibit its use as it is toxic to fish.

T.C.B.A. (2,3,6-trichlorobenzoic Acid) manufactured by the DuPont
Chemical Company has been used for the control of terrestrial plants and
recently experiments by various investigators have shown that it can also
be effective against certain aquatic weeds. It has shown some promise in

antrolling Myriophyllum

T.C.B.A
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IV. Technique and Equipment.

At the start of the project there was some question as to the type of
equipment which should be used in applying these various herbicides. At
first it was thought that hand-operated sprayers might suffice for the type
of work being done; as a result, two types of hand sprayers were used.
One was a knapsack sprayer, which is a pressure sprayer with an agitator
in the tank to keep certain types of chemicals in suspension. The other
was a regular tank-type pressure sprayer with no agitator which could be
used to spray chemicals which were in solution or were emulsified. Vari-
ous chemicals were applied by these methods with much success. How-
ever, due to the small size of these sprayers, the efforts to employ them
were very timeconsuming.

In 1957 a fourteen-foot aluminum barge was purchased along with spe-
cialized power spraying equipment consisting of a gasoline-operated motor,
a constant pressure pump, a bonderized tank equipped with a mechanical
agitator and various intake and output hoses arranged so as to facilitate
and insure equal distribution of the chemical.

This assembly permits the continuous mixing of the chemical with pond
water while spraying. In this manner a more accurate distribution of
the chemical is obtained. In the case of toxic chemicals the danger of
overdosing is minimized. Also, a certain amount of protection is afforded
the applicator in case of chemical drift due to adverse wind conditions.

It was found that, in heavily weed-infested areas of ponds, navigation
by means of an outboard motor was rendered practically impossible due
to the propeller becoming clogged with weeds. Since rowing in these areas
was difficult and impracticable, a more efficient method of propulsion had
to be found. The problem was solved by the introduction of an “Airboy”
outboard air drive motor. It was found that over one half ton of equip-
ment and personnel could be transported in the barge by this means.

Rubberized gloves were necessary to handle some of the herbicides such
as Sodium Arsenite and Benoclor.

V. 1955 Studii

A. Ponds Chemically I
Saugus Upper Breakheart Pond. On May 18 and 19, 50 pounds

of CMU were applied to a one half acre cove in Upper Breakheart Pond,
Saugus, to control Myriophyllum. It was hoped that control could be
established by this early treatment. Because of weather conditions, 25
pounds were applied on May 18 and 25 pounds on May 19. On June 6it
was noted that there were a few dead strands of Myriophyllum and a good
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deal of scummy appearing plant material floating on the surface. How-
ever, the submerged plant in general appeared to be healthy.

On August 2 the pond was again sprayed, this time with Delrad 70.
Much difficulty was experienced on this day due to clogging of the sprayer
by precipitation of the chemical. The hurricanes of August and Septem-
ber made a re-examination of the pond impractical.

2. Saugus Lower Breakheart Pond. On June 16 one of the new test
materials, Phygon-XL, was applied to Lower Breakheart Pond, Saugus.
Twelve pounds of the material were applied to a one-acre plot in an effort
to control a dense growth of Utricularia. On June 30 the pond was re-
examined and no control was noted.

3. Boxford Cole’s Pond. —On June 14 Cole’s Pond, Boxford, was
sprayed with forty pounds of CMU powder and five pounds of CMU
pellets for the control of Potamogeton and Utricularia. The material was
applied to a plot approximately one acre in size. On August 3it was noted
that little control was obtained; plants originally affected appeared to be
recovering.

4. Charles River Paradise Cove. —On June 23 Paradise Cove, a
lagoon on the Charles River in Waltham, was sprayed with Delrad, hereto-
fore known as Rosin Amine D Acetate, for the control of Myriophyllum.
A quarter of an acre was sprayed with 6.6 gallons of the 70 per cent con-
centrate. In addition, one-half acre was sprayed with 5.4 pounds of the
concentrate. The material was diluted gallon for gallon 24 hours before
spraying. The resulting solution was diluted again gallon for gallon at
the time of spraying.

On August 18 the cove was re-examined and found to stand out in strong
relief from the heavily weed-infested area that was not sprayed. It was
estimated that an 85 per cent kill was achieved.

5. Scituate Musquashiat Pond. —On July 6 an area of Musquashiat
Pond in Scituate, one acre in size, was sprayed with CM V at the rate of
five pounds per acre. This area is located just north of the dike at Jawl
Avenue and was infested with a heavy growth of Ruppia, an aquatic weed,
and Cladophora, a marine alga. By July 11 the Cladophora had disappeared,
but the Ruppia was unaffected. On July 27 the Ruppia was still standing.
Since the Ruppia was covered with dead algae, it was very difficult at this
time to assess the damage to this pond weed. Subsequent examinations
showed that little or no control was obtained.

6. Danvers Mill Pond. —-On July 7 Mill Pond was sprayed at the
rate of 24 pounds per acre with Phygon; eight pounds of Phygon-XL and
four pounds of Phygon-XLN, a pelletized form, were sprayed in an area
one-half acre in size in an effort to control a heavy growth of Elodea and
Potamogeton.
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Another area of Mill Pond one-quarter acre in size was sprayed on
July 12 using CMU at the rate of 50 poundsper acre. A total of 12.5 pounds
of the chemical was used.

On July 14 final treatment of Mill Pond was made. Delrad was applied
at the rate of eight gallons per acre to an area one-quarter acre in size,
thus using two gallons of the chemical.

On July 27 the plots treated in Mill Pond were examined for results.
It was noted that the Phygon area showed little control of algae or sub-
merged weeds. There was some burning and necrosis of submerged weeds,
but nothing indicative of even temporary control. In the area treated with
CMU the algae had been cleaned out, but it was not possible to determine
whether the Elodea had been killed or was merely covered by the dead
algae. Apparently the Elodea was still viable. The Potamogeton seemed at
this time to have survived the treatment. In theDelrad area, the algae had
disappeared completely and the remaining Elodea and Potamogeton seemed
to be dying. The water in the pond was quite low at this time which made
an accurate assessment of the damage done to the plants very difficult.

B. Ponds Surveyed

1. On July 1 Prindle Pond in Charlton was examined. The pond proved
to be choked primarily with a weed known as Myriophyllum. Since the
area was sparsely populated and the pond was well removed from th(

general public, it was thought that, if permission could be obtained
Arsenic might be applied to this area. Approval was later granted for
this project, but actual treatment was postponed.

2. On July 6, at the request of the Park Department

Ayer, Flannagan’s Pond was surveyed and sampled. This pond possessedp,

heavy growth of Lily Pads, the submerged aquatic weed, Myriophyllum
>f the survey were sent to the Park (

Aver. A meeting with them to discuss the treatment to be used w
irranged. As a result, on August 8, a program was formulated for Flamm-

ing the Hercules Powder Company material, Delrad 70.
Actual treatment, however, was postponed

The extremely heavy rains of late August and September put an end tc
the aquatic weed control program in the field.

VI. 1956 Studies,

1. Cambridge Black’s Nook
Black’s Nook is a small pond located near Fresh Pond in the southwest

part of Cambridge. It covers an area of approximately 2 acres. The
average depth at normal level is six feet and it contains approximately five
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million gallons of water. The bottom is muddy to a depth of feet.
It lends itself readily to experimental work since it has neither inlet nor
outlet. The chemical treatment with CMU pursued there in 1954 for the
eradication of Elodea still showed signs of control. However, a dense
growth of Potamogeton crispus and some Ceratophyllum accompanied by
a heavy growth of algae were present at the time of this study.

On June 14, 20 pounds of Phygon-XL were applied to a one-acre area of
the pond. The average depth at this time was found to be about 3.5 feet
as the water level had dropped about 2.5 feet; therefore, 20 pounds of the
herbicide gave a concentration of 2.4 parts per million. The chemical was
sprayed from knapsack sprayers of 4-gallon capacity. Approximately
1 pound of the chemical was diffused in 4 gallons of water and applied to
the area. However, when one-fifth of the area had been covered, the
sprayers broke down and an alternate method, that of skimming a sieve
charged with chemical over the surface of the water, was used. This
method worked surprisingly well and excellent coverage was attained.

.1

On June 19, the Potamogeton in the treated area was not as crisp as that
outside the test area; the Ceratophyll m was beginning to turn brown and
the algal growth had died. The are: was again assessed on June 25, and
it appeared that the growth of Potam •ton was about 90 per cent reduced.
However, the treatment failed to kill the entire plant; the stems and the

ed. The water level had droppedgrowing tips appeared to be ur
another 3 inches. Decomposition organic matter was constantly going

nerous gas bubbles. On Julv 2, thedenced bv the release of nuon
treated area showed Potamogeton and00 per cent
Ceratovhyllum. The over-all water level drop at this time was about 3.5

ly 11, a new growth of Elodea was observed to be taking hold
Potamogeton and Ceratophyllum had been controlled

>
<

located at thid, approxim
It is privately owned and is not anortheastern part of Main Str

natural pond. It was very heavih i Potamoqeton, and the
southern section also had a heavy growth of Utricularia. Two one-acre

.taked out and treated. On. plots with an average depth of tw
* August 29, twenty gallons of Sodi sprayed by a knapsac

t corner at a concentration of 15 partssprayer over one acre in the northea

per million. On August 30, 20 poi ids of Phygon-XL were sprayed ove
est side of the pond.mother one-acre area on the north

On September 12, an examinatic if the areas treated showed that the
predominant aquatic growth of Potamogeton in the arsenite treated area
was about 75 per cent eradicated, while the growth of Utricularia was 90
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per cent eradicated. In the Phygon area, on the other hand, there seemed
to be 100 per cent control of both plants.

When the areas were again surveyed on May 31, 1957, it was noted
that there was a moderately dense growth of Water Shield and Water
Lilies, but no other submerged vegetation.

3. Ayer Flannagan’s Pond.
This pond is located north of the intersection of Routes 2 and 110 in

the town of Ayer. The pond was heavily infested with several species of
submerged aquatic weeds including Utricularia, Potamogeton, and Myrio-
phyllum. There was also some growth of Pond Lilies and algae scattered
throughout the pond. Three areas of the pond were staked out for treat-
ment.

1. Northeast Cove. On June 20, an area of one-half acre with an aver-
age depth of 2.5 feet in the northeast cove of the pond was staked out and
sprayed with five gallons of Niagara sodium arsenite at a concentration of
10 parts per million. One-half gallon of the chemical was diluted with
31-2 gallons of water and sprayed by means of knapsack sprayers. This
area was covered with a dense growth of Utricularia, Potamogeton, Pond
Lilies and some algae.

On June 22, when the area was re-examined, it was noted that the pads
of the Water Lilies were beginning to turn brown and to shrivel up. How-
ever, the other weeds were still green and vital. Subsequently, on June 26,
it was noted that the stems of the Utricularia were stripped of leaves and
turning brown but that the tips were still green and vital. The growth
of Potamogeton up to this time had been unaffected and the Lilies showed
no further damage. A final survey of the area was conducted on July 7,
and showed that the treatment had realized practically no results. All
plants in the area were green and vital including those that had showed
previous damage.

2. South Cove. A half-acre plot in the south cove of the pond, having
an average depth of four feet, was staked out and sprayed with Sodium
Arsenite at the rate of eight gallons per one-half acre on June 21. This
gave a final concentration of 10 parts per million. The chemical was
diluted 1 gallon to 3 gallons of water and administered by knapsack sprayer.
The plot supported a heavy growth of Utricularia (95 per cent) and some
Myriophyllum (5 per cent).

On June 26, the lower parts of the plants were turning brown but the
tips were green and vital. A resurvey of the area on July 7 showed that
the plants had completely survived the treatment.

3. North Cove. A somewhat smaller area of the pond, one-quarter
acre in size, with an average depth of 3.5 feet, was sprayed on June 22,
using 2.5 gallons of Sodium Arsenite, at a concentration of 10 parts per
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million. The chemical was diluted I} 4 gallons to 3% gallons of water in
knapsack sprayers. This area possessed equal growths of Utricularia and
Myriophyllum with some sparse growth of Potamogeton.

On June 26, it was noted that the stems of the Myriophyllum and Utric-
ularia were brown while the tips were still green and vital. On July 6,
when the final survey of the area was made, there was very little change
in the appearance of the plants and most were still green and vital.

4. Saugus Lower Breakheart.
9 This pond is 19 acres in size and has a mean depth of 5 feet. On July 2.3,
an area of one-half acre on the north side of the pond with an average
depth of eight feet was treated with 10 gallons of Delrad 70 in an effort
to control a dense growth of Vtricularia. This dosage gave a final concen-
tration of 5 parts per million. A float method of application was em-
ployed in this operation with 144 gallons of the chemical placed in each
float. The floats consisted of screened bottom wooden boxes and were
tied to stakes driven in the bottom mud.

Upon resurveying the treated area on July 26, it was noted that there
was some burning of the plants around the area where the chemical was
administered. There was no change noted, however, in the areas where
the chemical had not as yet reached the plants. Subsequently, it was
decided to treat this same area with Phygon-XL. On August 27, the area
was sprayed with 10 pounds of Phygon-XL. This chemical was suspended
in water in knapsack sprayers, 4 pounds to 4 gallons of water.

Upon the first re-examination of the area on September 4, the Utricularia
was noted to be in a state of rapid decay. The stems and leaves had burned
and were falling to the bottom. Anaerobic conditions existed on the bottom
as evidenced by the many gas bubbles released by the decaying organic
matter. A wire screen was placed across the mouth of the cove to prevent
weeds from floating into the treated area from the adjacent untreated area.
When the area was resurveyed the screen had fallen somewhat and a few
weeds had floated in. All in all, the screen had worked very well for the
purpose for which it had been designed.

5. Saugus Upper Breakheart
Upper Breakheart Pond in Saugus which had been treated in 1955 with

vMU and Delrad 70 with no results was again designated one of the experi-
mental ponds of the project. A preliminary investigation on June 15
revealed that there was a dense growth of Myriophyllum and Utricularia
throughout the pond.

On July 26, a 44-acre cove on the south side of the pond with an average
depth of 4 feet was staked out and treated with 25 pounds of Delrad 50
at a final concentration of 5 parts per million. The method of application
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was by a screened bottom float suspended over the side of the boat. The
boat was then propelled over the area in an orderly and even manner and
the chemical slowly sifted through the screening. The Delrad, being
insoluble in water, sank immediately and could be seen lying on the bottom
and on the submerged weeds.

The first re-examination of the treated area on August 1 showed that
the only effect that Dalrad produced was a light browning of some of the
weeds. The chemical could still be seen as a white powder on the surface
of the submerged plants.

On August 3, the area previously treated with Delrad plus anotherfal
34-acre area extending north from the first, with an average depth of 4 feet,
was sprayed with 30 gallons of Chipman Sodium Arsenite at a concentration
of 20 parts per million. The spraying operation was carried out using
power spraying equipment borrowed from the Division of Fisheries and
Game. Although some difficulty was experienced with the pump intake
becoming clogged with weeds, good distribution of the chemical was at-
tained by this method.

On August 8, five days after treatment, it was noted that the Myrio-
phyllum had fallen to the bottom and was beginning to decay. The growth
of Utricularia was completely eradicated except for some of the stalks.
The branches with leaves and bladders were completely disintegrated.
By August 13, the Myriophyllum and Utricularia were lying on the bottom
and decaying with no green tips visible.

Since the treatment with Sodium Arsenite had obtained such promising
results, it was decided to treat the area with a soil sterilant. Accordingly,
on August 24, the same area was sprayed with 10 pounds of CMU giving
a final concentration of 2 parts per million. The chemical was mixed in
knapsack sprayers, 2 pounds with 4 gallons of water, and agitated con-
tinuously during treatment.

The pond was re-examined May 6, 1957. At this time, the untreated
area showed a very heavy growth of both Myriophyllum and Utricularia.
The treated area, however, stood out in sharp contrast to this. Not a
single weed could be seen growing in the whole cove. The bottom was
extremely muddy to a depth of about one foot and anaerobic conditions
existed as evidenced bjr the many gas bubbles emanating from the bottom
mud. The water in the cove was very clear showing no appreciable
or turbidity. In general, it can be said that the treatment gave
results.

6. Charlton Prindle Pond
Prindle Pond in the town of Charlton covers an area of approximately

55 acres. Three separate coves were chosen for aquatic weed control work.
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The whole pond is covered with a very dense growth of Myriophyllum ac-
companied by some growth of Water Shield and Water Lily.

1. Cove A. On July 18, a one-acre cove in the western part of the
pond having an average depth of 5 feet was sprayed with 30 gallons of
Chipman Sodium Arsenite giving a final concentration of 10 parts per mil-
lion. Two gallons of Sodium Arsenite were diluted with two gallons of
water and sprayed by knapsack sprayer. On July 27, it was noted that
the Lilies and Water Shield had partially turned brown while the Myrio-
phyllum was burned to a lesser degree. However, when the area was
again resurveyed on July 31 it was noted that the Myriophyllum had been
controlled 100 per cent in the middle of the cove and about 75 per cent
toward the extremities, while the Water Shield and Lilies showed no fur-
ther damage. By August 18, the Lilies and Water Shield had completely
survived the Arsenite treatment while the growth of Myriophyllum was
about 80 per cent reduced.

2. Cove B. On July 19, another one-acre cove of the pond on the
eastern shore line having an average depth of 4 feet was sprayed with 20
pounds of Phygon-XL, using 4 pounds of the chemical in a knapsack
sprayer made up with water to a total of 4 gallons. On July 27, it was
noted that the chemical had acted on the Water Shield and the Myrio-
phyllum but had not done much damage to the Water Lilies. The in-shore
area showed 100 per cent control of both Water Shield and Myriophyllum
by August 18, and about 80 per cent control in the open end of the area.
Since good control had been attained in the area with the use of Phygon,
it was decided that a soil sterilant should now be tried in an effort to
prevent regrowth in the spring.

Consequently, on August 28, 25 pounds of CMU were sprayed over the
same area giving a concentration of 17 parts per million. The next exam-
ination of the area was made on May 17, 1957, and showed that, although
there was very little regrowth of the treated Myriophyllum, there was a
very substantial new growth, showing that CMU had very little effect as
a soil sterilant.

3. Cove C. The third area of Prindle’s Pond to be treated was another
one-acre plot with an average depth of 5 feet located on the northwest side
of the pond. This area was sprayed on July 20, with 17 gallons of Niagara
Sodium Arsenite at a final concentration of 10 parts per million. The
chemical was diluted gallon for gallon in knapsack sprayers and distrib-
uted evenly throughout the area. In three subsequent surveys of the
area it was noted that the treatment had no effect on the growth of the
Myriophyllum, which remained green and vital after 3 weeks. The only
plant affected by this treatment was the Water Shield. About 50 per cent
of the growth of this plant had decayed and fallen to the bottom.
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7. Ayer Sandy Pond
This pond is located just north of Sandy Pond Road and west of Snake

Hill Road in the town of Ayer. It covers an area of approximately 68 acres.
On June 22, a one-acre area on the northwest side of the pond having an
average depth of 2 feet was staked out and treated with at the
rate of 8 pounds per acre. This herbicide was employed in an effort to
control a growth of an emergent aquatic plant, Sagittaria.

On June 26, four days after treatment, about 10 per cent of the growth
had been affected. The leaves were lying on the water surface and be-
ginning to decay. Three days later, on June 29, 70 per cent of the growth
had been controlled. When the area was surveyed for the last time on
July 6, there were still some green leaves remaining, but about 90 per cent
of the Sagittaria had been controlled.

8. Stockbridge Stockbridge Bowl
;achusetts is heavily infested wdth
igeton, Cabomba and Elodea. At the
>ciation, a survey of the pond was
reas of 1 and acre, respectively,

Stockbridge Bowl in western Mi
three species of aquatic weeds: Pota
request of the Stockbridge Bowl Ai
conducted with the result that two
were staked out for treatment.

i

1. Cove A. On July 11, 28 pounds of Phygon-XL were sprayed over
a one-acre area having an average depth of 3 feet. This cove is located
on the southwest side of the pond just westerly of the island. The final
concentration of the chemical was 2 parts per million. In this area a
motor and pump borrowed from the Division of Fisheries and Game were
used but with no success since the intake strainer constantly clogged with
weeds. The knapsack sprayers were resorted to and good coverage of the
area was attained

2. Cove B. The second area staked out for treatment was one-half
acre in size on the south side of the pond just south of the island. This
plot had an average depth of 4 feet and was sprayed with 40 pounds of
Ammate-X to a final concentration of 13 parts per million. Five pounds
of the chemical were mixed with 4 gallons of water and applied by knap-
sack sprayer. The areas were examined on August 16, and it was noted
that some top kill of the weeds had occurred. It was apparent that more
time was needed before definite conclusions as to the amount of kill could
be reached

Ed in traveling to Stockbridge, the
ain until May 16, 1957. At that
3 had been attained in Cove A ai-
ming to appear. In Cove B, how-
was there new growth but the old

Due to the distance and time invol
treated areas were not resurveyed a|

time, it was evident that some result
though a whole new growth was begi:
ever, no results were noted; not only
growth was still green and vital.
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I

9. Arlington Spy Pond.
Spy Pond lies within the limits of the town of Arlington and is located

in the southeasterly section of the town. It covers an area of about 115
acres and has an average depth of 12 feet. The northeast section of the
pond had a moderate growth of Elodea and Potamogeton. However, the
main problem was one of strong odors emanating from the pond due to
the decomposition of extremely heavy growths of algae consisting mostly
of the blue-green type called Cyanophyceae. In all, four plots were selected
for treatment with Copper sulphate at the rate of 0.5 of a part per million.

1. Area A. A one-acre area in the northeast section of the pond with
an average depth of 20 feet was sprayed on August 22 with 5 pounds of
copper sulphate. The chemical was dissolved in 2.5 gallons of water and
applied to the area by knapsack sprayers. A sample of the water was
taken before spraying to determine the microscopic algae count. The re-
sults showed that there were 23,000 standard units of a diatoma called
Synedra plus 45,000 units of Aphanizomenon and 39,000 units of Micro-
cystis, both of which are blue-greens.

When the area was revisited on August 24, the filamentous algae were
turning brown along the shore areas but the water still had a green appear-
ance. Another sample was taken and the microscopic results revealed
that the counts had been reduced considerably. The counts were: Syn-
edra 212 units, Aphanizomenon 200 units and Microcystis 440 units. These
results represent a reduction of about 99 per cent. A third sample was
taken on August 28, and results showed that the Synedra had been com-
pletely eradicated while Aphanizomenon was 320 units and Microcystis
620 units. However, by September 4 the bloom of Aphanizomenon had
reached a count of 190,000 standard units.

2. Area B. Another area on the easterly shore of the pond of three
acres with an average depth of 20 feet was treated on the same day with
7.5 pounds of Copper sulphate. Results of microscopic analysis of a sample
taken before spraying revealed two types of blue-greens; Aphanizomenon
3,500 units, and Microcystis 4,300 units.

On August 24, a sample was obtained from the area for microscopic
analysis. The results showed that Aphanizomenon had been reduced to 84
units while Microcystis was reduced to 640 units which represents a reduc-
tion of about 90 per cent. On August 28, another microscopic analysis
showed that A phanizomenon was 740 units and Microcystis 1,640, which
represents a total reduction of 70 per cent. Another sample was obtained
from the area on September 4 for microscopic analysis and the results
showed that a whole new bloom of algae had taken over. Two new blue-
greens had shown up in large numbers; Anabaena 126,000 units and
Coelosphaerium 9,000 units, plus 1,000 units of Navicula, a diatom.

3. Area C. A third area of acres, 20 feet deep, on the easterly
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shore of the pond, just south of the second area was sprayed on August
23 with 8 pounds of Copper sulphate. Microscopic analysis of a sample
taken prior to spraying revealed three species of blue-greens, Anabaena
500 units, Aphanizomenon 800 units and Microcystis 4,000 units plus one
species of a diatom, Synedra, 200 units.

On August 24, a sample was obtained from the area for microscopic
analysis. The results of the microscopic count revealed the following:
Anabaena 60 units, Microcystis 184 units and Synedra 128 units. These
results represent a decrease of about 93 per cent. Another sample was
collected from the area on August 28, and results of microscopic analysis
revealed three other species of algae. Two of these are diatoms, Asteri-
onella at 220 units, and Navicula at 20 units. The third species is a blue-
green, Coelosphaerium, at 140 units. In addition to these, three of the
original blue-greens were found: Anabaena 160 units, Aphanizomenon 320
units, and Microcystis 320 units. These results represent a total reduc-
tion of 79 per cent.

On September 4, an entirely different picture was found. A sample
taken for microscopic analysis on this day showed that three species of
blue-greens had taken over in large numbers; Aphanizomenon 71,000 units,
Microcystis 18,000 units and Coelosphaerium 9,000 units. The water at
this time showed a deep green color.

A. fourth area on the southeast side of the pond measuring 2 acres with
an average depth of 4 feet was sprayed with 10 pounds of copper sulphateurayei

on August 24. The results of a microscopic analysis of a sample taken prior
to spraying showed two forms of blue-greens to be present: Coelosphaerium
at 520 units, and Microcystis at 1,480 units. A sample obtained for micro-

is 4 days after spraying showed that the bloom of Coel
sphaerium had been completely eradicated and Microcystis had been re-
duced slightly to 1,240 units. However, several other species had now
appeared, only one of which was a blue-green, Aphanizomenon at 800
standard units. Four species of diatoms were found, including Asterionella
260 units, Navicula 40 units, Svnedra 280 units, and Tabdlaria 160 units.

On September 4, another sample taken for microscopic analysis showed
t all the diatoms had disappeared but two species of blue-greens were

found in large numbers, namely, Anabaena at 101,000 units and Coelo-
sphaerium at 75,000 unit

10. Billerica Nutting's Lak

Nutting’s Lake, covering an area of approximately 75 acres, and situated
on either side of Route 3 in the town of Billerica, came to the attention of
the Department as a complaint of algae and odor. On August 14, a pre-
liminary survey of the pond was made and it was found that along the
shores a heavy growth of Elodea was present while in the various coves,
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where there is little circulation of water, heavy algal growths were pres-
selected for treatment of weeds andent. Three coves of the lake were

algae.

3 having an average depth of 3.5 feet
pounds of Phygon-XL on August 16.
25 of a part per million of active in-

1. East Gove. —An area of 2 acre
was staked out and treated with 12
This gave a final concentration of
gredient. The results of a microscopic analysis of a sample obtained im-
mediately prior to spraying showed that there were present 24,000 standard
units of a blue-green algae, Anabaena.

Upon re-examination of the area on August 20, it was noted thata blue-
green oil slick was present on the surface of the water, indicating that the
algae had been affected by the treatment. Results of microscopic analysis
of a sample taken at this time showed that the count of Anabaena had
risen to 655,000 standard units. However, the Anabaena were reportedly
in a state of disintegration. This count dropped to 56,000 units by Sep-
tember 4

2. Northeast Cove. —A small cove in the northeast section of about 1 acre
with an average depth of 3 feet was sprayed on August 16 with 5 pounds of
Copper sulphate. Results of analysis of a sample obtained from the area
immediately prior to spraying revealed 25,600 standard units of Anabaena.
Results of analysis of a sample obtained on August 20 revealed 490,000
units of the organism. This count dropped to 123,000 by September 4.

3. West Cove. —On August 17an area of one acre with an average depth
of 3 feet was treated with 5 pounds of Copper sulphate. This area showed a
microscopic count of 5,600 units of Anabaena prior to spraying, while on
August 20 the count had risen to 355,000 units. By September 4, the count
had been reduced to 149,000 standard units

suits that treatment of a heavy algal
ake on a small scale is practically im-
scale experiments, it is felt thatfurther
issive algal growths must be controlled

It would appear from these res
growth such as was found in this
possible. As a result of these small
nuisance conditions caused by e
by treatment of the entire east portion (and the west portion if necessary)
with Copper sulphate applied at a rate of 0.2-0.5 of a part per million. The
dosage will depend on the type and concentration of organisms present.

11. Andover Foster’s Pond.
Foster’s Pond, Andover, is approximately 100 acres in size with a maxi-

mum depth of 12 feet and an average depth of 6 feet. The pond was
brought to the attention of the Department of Public Health by the
Foster Pond Association. On August 8, an investigation was conducted.
It was considered that Foster’s Pond, because of its proximity to the
Lawrence Experiment Station, would be an excellent site for experimenta-
tion on the control of aquatic vegetation.



HOUSEm No. 3041.
36

The examination revealed that an extremely dense growth of Cabomba
was present throughout the pond. Other aquatic weeds present in lesser
quantities included: Ulricidaria, Ceratophyllum, Potamogeton, Brasenia,
Sagittaria and Pontedaria. Algae, of the filamentous green and blue-green
varieties were present generally throughout the pond and heavily con-
centrated in the marshy areas along the eastern aspect of the pond and in
the coves.

1. Cove A. On September 11 an extremely small cove on the western
shore of the pond having an area of Hi-acre with an average depth of
2.5 feet was sprayed with 2.5 pounds of Phygon~XL giving a final con-
centration of 1.65 parts per million of active ingredient.

By September 14 a significant change had occurred in the area. The
Cabomba had fallen to the bottom and appeared whitish, an indication of
the beginning of the decaying process. However, the growth of Cerato-
phyllum around the edges of the area was not affected by the treatment
as of this date.

On September 26, when the area was again examined, it was noted that
the Cabomba was completely stripped of leaves except for the small green
tips. The bottom was covered with dead and decaying plants but there
were no signs of anaerobic conditions. At this time, the Ceratophyllum
was beginning to show effects of the treatment. The plant stems were very
brittle and the vital green color was dulling.

2. Cove B. —On September 11 another cove on the western shore of the
pond, situated southerly from the first, having an area of Es-acre with an
average depth of 2.5 feet, was sprayed with 12 gallons of Sodium Arsenite
giving a final concentration of 15 parts per million.

On September 14 no significant change in the appearance of the plants
could be noted. The Cabomba was still green and vital. In places where
the Arsenite had come in direct contact with the Lily Pads, they were
beginning to turn brown and to shrivel up.

By September 26, however, a vast change had taken place in the area.
Contrary to the previous observations, the area was now completely
devoid of growing weeds. The Cabomba was completely burned and lying
on the bottom. Even the Water Shield and Lilies were burned and sub-
merged. The Utricularia was in a state of decomposition although a few
green stems were noted.

VII. 1957 Studies.

1. Andover Foster’s Pond.
On May 15, are-examination of the areas sprayed in 1956 was conducted.

In area A where Phygon had been used, the Cabomba had fallen to the bot-
tom and decayed. There was not much more than 50 per cent regrowth
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of weeds in the area. Considerable gas was being evolved at the time by
the decaying organic matter. Some Lily Pads were present on the open
edge of the area.

Area B, which had been sprayed with Sodium Arsenite, showed excellent
control. The growth of Utricularia was reappearing in patches along the
shores of the area. In the whole area, although Lily Pads and Water Shield
were reappearing, the other weeds showed only about 5 per cent regrowth.
The bottom, upon prodding, evolved large quantities of gas, due to the
decaying vegetative matter.

Due to the gratifying results obtained in the coves sprayed in 1956, it
was decided to try the same treatment in another cove of the pond. Conse-
quently, a 34-acre cove on the east side of the pond which supported a
heavy growth of Cabomba with lesser amounts of Utricularia and Water
Lilies was selected for treatment. The average depth of this area was 2.5
feet.

On August 1, the area was sprayed with 5 pounds of Phygon-XL giving
a final concentration of 1.7 parts per million. Four days later, on August 5,
the area was retreated using 4 gallons of Sodium Arsenite

,
giving a final

concentration of 10 parts per million. It was noted at this time that the
Ph ygon treatment had been partially effective against the Cabomba, as the
branches could easily be stripped from the stems.

The area was resurveyed on August 19, and the results showed that the
Cabomba had been completely destroyed while most of the Lily Pads had
turned brown. Utricularia had fallen to the bottom and was in a state of
decay. Only the rooted grasses had survived the treatment.

On September 6, it was noted that the chemical had apparently drifted
outside the cove as the weeds had been noticeably affected for about 100
yards outside the cove. The treated area was completely devoid of weeds
except for grasses which had been unaffected.

On July 17, a survey of aquatic weed conditions in Straits Pond was
conducted. On this date, a weed identified as Ruppia was found growing
sparsely throughout the pond. The eastern portion of the pond was found
to contain the heaviest growth of this weed.

On July 22, an area of one acre with an average depth of 4 feet, on the
easternmost shores of the pond was sprayed with 30 gallons of Sodium
Arsenite, at a concentration of 10 parts per million.

Upon subsequent re-examination of the area on July 29, it was noted
that the weeds throughout most of the area were in a state of decomposition.
An area of active growth was noted in the westerly end of the pond. The
total effectiveness of the Arsenite treatment could not be determined at
this time with any degree of accuracy as it appeared that the life cycle of

2. Hull Straits Pond.
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Ruppia in Straits Pond is such that it normally begins to die off late in
July or early August.

Mansfield Glue Factory Pond.
This pond covers an area of about 8 acres, and is located on the property

of the Mansfield Bleachery, divided by the New Haven Railroad tracks.
The pond has an average depth of 5 feet and upon examination was found
to be heavily infested with Myriophyllum. Several methods of weed control
had been attempted by the owners of the pond in an effort to aid the flow
of water being used in the company’s bleaching process. Included among
these were underwater mowing, raking, and the expensive and time-
consuming method of lowering the pond and subsequent dredging. None
of these methods realized any long-lasting effects.

Since the owners of the pond were interested only in the control of
aquatic vegetation and not in the possible fish kill that might result from
chemical treatment, it was decided to use Benoclor SC at the relatively
high dosage rate of 50 gallons per acre.

On July 10 and 11, a 4-acre portion of the pond was sprayed with
Benoclor SC, a chlorinated hydrocarbon, at the rate of 50 gallons per acre.
The materialhad been used in 1954 at the rate of 9 gallons per acre without
success in another pond. The final concentration of chemical was 32 parts
per million. It was sprayed over the area in concentrated form and formed
a white emulsion upon hitting the Avater. Being extremely heavy, it sank
to the bottom very quickly.

The pond Avas resurveyed on August 9 and observations shoAved that
most of the plant life had been destroyed by the Benoclor treatment.
Also, most of the fish in the area had been killed by the treatment. There
Avere only very feAV green tips of Myriophyllum Avhich up to this time had
survived the treatment. Upon subsequent re-examination of the pond on
November 11, it was observed that complete eradication of Aveeds had been
attained.

4. Plymouth King’s Pond.
King’s Pond is located easterly of Federal Furnace Road and northerly

of King’s Pond Plain Road in the toAvn of Plymouth. The pond covers an
area of approximately 25 acres and has an average depth of about 10 feet,
with shalloAV areas of less than 4-foot depths and deep portions of about
18 feet. At the time of the examination the presence of a heavy groAvth
of Myriophyllum AA’as revealed throughout the pond Avith lesser amounts
in the deepest portions. Pond Lilies and Water Shield Avere found to be
very dense in shallow areas of the pond. One outlet on the Avesterly shore
supplies Avater for adjacent cranberry bogs.
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On August 15 a five-acre cove on the easterly shore of the pond having
an average depth of 4 feet was sprayed with 5 gallons of a mixture of
2,4~D and 2,4,5-T, giving a final concentration of 0.4 part per million.

By August 24 it could be seen that the Pond Lilies and Water Shield
were browned over and in the process of decay although they had not as
yet fallen to the bottom. On September 9, it was observed that the Pond
Lilies and Water Shield were about 95 per cent reduced in population in
contrast with the untreated areas. However, at this time a new growth of
Water Lilies was already beginning to appear.

o. Quincy Manet Lake.
Manet Lake, located in the Hough’s Neck section of that city, was

surveyed on August 2 for thepresence of weeds. The examinationrevealed
that the pond covered an area of 1.5 acres but was completely devoid of
water due to lack of rain. The area was covered with cattails (Typha) in
an active state of growth with some stumps of plants which had been cut
down and burned.

On August 20, the area was treated with 40 pounds of CMU (Telvar W),
using 300 feet of hose and a hookup from the hydrant supplied by the city
of Quincy. The chemical was dissipated and sprayed out in a total of
about 200 gallons of water.

By August 30 all the plants in the area had been affected by the treat-
ment to some extent inasmuch as the stems had turned brown. On Sep-
tember 9 a survey revealed that the plants in the southern half of the pond
were only about 20 per cent affected by the treatment while those in the
northern sector showed about 80 per cent effect. By October 16 about
80 per cent of the plants in both areas were completely burned by the
treatment while the remaining 20 per cent were partially burned. All
plants, however, were still standing erect even though they were burned
over.

6. Spencer Cranberry Meadow Pond.
A survey of Cranberry Meadow Pond, located in the towns of Spencer

and Charlton, was conducted on August 7, 1956. It revealed that it
covered an area of approximately 85 acres and at the time of the examina-
tion supported a very heavy growth of submerged aquatic weeds, including
myriophyllum, Utricularia, Potamogelon, Elodea and Water Shield scattered
all over the pond but concentrated at the southern end.

On August 12, 1957, a cove of approximately 0.3 acre on the westerly
shore of the pond having an average depth of 3 feet was sprayed with
6 gallons of Sodium Arsenite at a rate of 10parts per million. By August 22,
a large amount of the weeds present was destroyed as evidenced by their
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lying on the bottom but a new growth was beginning to take hold in the
cove as a result of weeds being blown in.

7. Saugus Lower Breakheart Pond.
The area treated in 1956 with Delrad and Phygon-XL was surveyed

on May 31. The examination revealed that some of the Utricularia had
been eradicated but most of the growth had survived the treatment.
Added to this was a new growth of Utricularia which produced an over-all
heavy growth throughout the area.

On July 2 this same area was sprayed with 50 gallons of Sodium ArsenitAl
giving a concentration of 10 parts per million. Due to the strong winds
blowing, much of the chemical was thought to have drifted outside the
cove. On July 12 when the area was resurveyed it was observed that the
Utricularia had fallen to the bottom and was decomposing. The assump-
tion that the chemical had drifted outside the cove was substantiated by
the observation that a large area outside the treated cove showed no
growth of weeds. Many dead fish were also noted throughout the pond.
This condition was deemed to be due to the depletion of dissolved oxygen
rather than directly to the chemical. The pond, upon chemical examina-
tion, was revealed to have no dissolved oxygen. The area was completely
clear of weeds by September 3, and the water was very clear. The bottom
was covered with organic matter and mud to a depth of about one foot.
It remains to be seen whether the treatment will have a residual effect and
prevent further weed growths.

8. Saugus Upper Breakheart Pond.
The area of this pond, which was treated in 1956 with Delrad-SO, Sodium

Arsenite and finally CMU, was surveyed on May 31, 1957. At the time
of the examination, the water in the treated area was very clear and there
were no new growths of weeds. The treated area stood out in sharp con-
trast to the untreated areas where the growth of Utricularia was very
dense. The area was not again surveyed until July 12 and at this time a
few weeds were found to be growing at the open end of the cove. These
obviously had been blown in from the untreated area. By September 3
a few more weeds were found to have been blown into the treated cove
and to have taken root. It is felt that if the whole area had been treatecW
in the same manner no new growths would appear.

9. Weston Blake’s Pond.
Blake’s Pond, a private pond about }4-acre in size with an average

depth of 2 feet, is located westerly off Park Street, Weston. At the time
of the examination on August 27, the pond was choked with a vital growth
of Potamogeton. The bottom of the pond consists of about 2 feet of mud.
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On August 28, 0.5 gallon of Kuron was applied to the area, giving a
final concentration of 2 parts per million. Some mechanical difficulties
were encountered here with the power spraying equipment making even
distribution of the chemical impossible. By September 6, when the area
was resurveyed, no effect on the weeds was visible.

On October 7 a reassessment of the area revealed that the chemical
was just beginning to take effect on the weeds. The growth of Potamogeton
had been reduced about 25 per cent at this time. It was thought that the
reason for the slow reaction to the chemical might be that the mud had
taken it up and consequently could not reach the leaves and stems. By

5, when a survey was conducted from the shores of the pond,
no weeds could be seen. From 15 to 20 feet from the shore line, the bottom
could be seen to be completely free from any form of living vegetative
matter. Since no boat was available at this time, an assessment of the
weed conditions in the center of the pond was impossible.

10. Charlton Prindle Pond.
Prindle Pond, in which three separate areas had been treated in 1956,

was surveyed on May 17, 1957, for further results;
1. Cove A. This area which had been treated with Chipman Sodium

Arsenite at the rate of 10 parts per million showed upon examination a
completely new growth of the same plant, Myriophyllum. This condition
is obviously due to re-insemination, the seeds of the plants failing to be
eradicated by the treatment. The area also supported a fair growth of
Water Shield and Water Lilies.

2. Cove B. The second area which had been sprayed previously with
Phygon-XL showed upon examination about 30 per cent old growth and
70 per cent new growth of Myriophyllum. In this area, there was some old
growth which had blown in and taken root, but more re-insemination.
No Water Shield or Lily Pads were observed to be growing in this area.

3. Cove C. This area, which had been sprayed with Niagara Sodium
Arsenite, showed no control of weeds whatsoever. The area was completely
choked with old growth of Myriophyllum and no effect was noted on either
the Water Shield or Lilies.

On July 14, 1957, 30 gallons of Chipman Sodium Arsenite were sprayed
over a one-acre area of Cove A giving a final concentration of 10 parts
fer million. The chemical was diluted gallon for gallon in knapsack
sprayers using 4 gallons of the mixture per sprayer.

By June 20 the lower end of the cove where the water was shallow was
found to be responding to the treatment. Here, the growth of Myrio-
phyllum was completely destroyed, lying on the bottom and decaying.
However, as the depth of the water increased in the cove, the effect upon
the plants was observed to decrease. At the outer margin of the area,



HOUSE No. 3041. [Apr.42

the weeds were found to be in excellent condition, becoming more burned
and less viable as the water became more shallow. The Water Shield and
Lilies throughout the area had been completely destroyed.

When the next examination was made on July 16, it was observed that
about one third of the area had been completely eradicated of weeds,
this in the shallow portion. In the middle portions of the area where the
depth is 4 to 6 feet, the weeds had been affected but were still standing
and showed green tips. In the outer portions of the cove, the growth
of Myriophyllum seemed to be completely unaffected by the Arsenite
treatment, the plants in this area being very green and vital.

Since Sodium Arsenite had shown great promise in the many limited
trials to which it had been subjected, and since it was found that regrowth
of weeds in areas where Sodium Arsenite had been used was usually due to
re-infestation from untreated areas, it was thought that at least one large
scale treatment of a pond with Sodium Arsenite was in order. It was also
thought that Prindle Pond with its almost pure growth of Myriophyllum
would best be suited to this large scale treatment.

Consequently, on October 14, an area of 30 acres with an average depth
of 3 feet was staked out for treatment with Sodium Arsenite. It was
thought that the concentration of the chemical should be increased to 15
parts per million in order to insure that complete kill be attained. For
this concentration, it was calculated that 900 gallons of the herbicide
would be necessary. For this amount, 30 thirty-gallon drums of the chemi-
cal were purchased. The chemicalbeing delivered to the Lawrence Experi-
ment Station was transported by two Department of Public Works trucks
to the site of the spraying operation in Charlton.

In order to spray this large amount of chemical, it was necessary to make
certain innovations in the spraying technique. The chemical tank at-
tached to the barge was removed and replaced by a 30-gallon drum of
Sodium Arsenite. In addition, two other drums were placed in the boat
thereby making accommodations for a total of 90 gallons of chemical.

Due to the lack of rain throughout the summer, the water level at the
time of spraying was down about 2 feet below normal level. This condition
in turn left many stumps protruding from the water. Consequently,
navigation throughout the area was rendered very difficult.

On October 14, the first day of spraying, only 60 gallons of the chemical
were sprayed due to the breaking down of the gasoline driven motor whicl(
operates the spraying equipment. On the following two days, a total of
720 gallons of the chemical were sprayed out. On the final day of spray-
ing, the remaining 120 gallons of chemical were dispersed in the area. Much
difficulty was involved and time consumed in trying to avoid the many
stumps protruding through the water.
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Samples of the water were obtained from the area immediately prior to
and subsequent to spraying. The area was posted in five places with
signs prohibiting the use of the water for any purposes until it had been
determined that no residual Arsenic was present.

By October 22, when the area was rcsurveyed, no apparent damage to
the plants could be noted. However, by November 9, the leaves could
easily be stripped from the stems, which is an indication that the chemical
was beginning to take effect. The final survey of the area was conducted
on November 21, and revealed that, although most of the Myriophyllum

Vas still standing, it definitely showed signs of decay. The leaves were
stripped from the stems on many of the plants and on others they had
turned completely brown. The process of decay appeared to be going on
very slowly, probably due to the cold weather inhibiting bacterial action.

A 5-acre cove on the northern side of the pond having an average depth
of 3 feet was sprayed on October 24 with 10 gallons of Kuron at a concen-
tration of 1.0 part per million. This area also supported a dense growth
of Myriophyllum. Kuron, it was found, is immiscible in water and settles
out very rapidly; consequently an agitator type sprayer must be employed
with this chemical. The chemical forms a white emulsion upon hitting the
water, and settles very rapidly to the bottom.

The area was resurveyed on November 9, and revealed that the plants
were beginning to decay with the leaves fallen from the stems in patches.
By November 21, the Myriophyllum was completely cleared out in some
places wdiile in others the process of decay was proceeding very slowly.

A.n early spring examination of both of these areas is indicated

Millbury Pond Private Plot Treatments.
Four plots were staked out for treatment of a heavy growth of

Myriophyllum in this pond. It was thought that a better evaluation of
various promising herbicides could be made by treating the same aquatic
weed under the same conditions. Consequently the four plots were
sprayed on August 13.

1. Area A. The first 34-acre plot having an average depth of 3 feet
was sprayed with 0.5 gallon ofKuron mixed with 30 gallons of water. This
dosage gives a concentration of 1.3 parts per million. The material forms a

emulsion in water and sinks very rapidly to the bottom It was re-
ported that very good coverage was attained in the area.

The area was examined for results on August 22, and revealed that the
weeds had a generally burned appearance with only some of the stems re-
maining green. The plants at this time had fallen about 6 inches from the
surface of the water. The outline of the falling plants indicated that the
chemical did not disperse, but remained inside the sprayed area. The next
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examination of the area was conducted on September 5, and revealed that
completekill of the growth of Myriophyllum had been attained. The weeds
had been entirely eliminated and decomposed.

2. Area B. The second Ut-acre area also had an average depth of 3 feet.
Three gallons of T.C.B.A. were sprayed over this area. The chemical was
dissolved in 30 gallons of water using 4 ounces of spreader sticker. The
material was diluted gallon for gallon using a pond intake apparatus.
The final concentration of this chemical was 2.5 parts per million.

On August 22, when the area was surveyed for results, it was observed
that only the portion of the plants nearest to the surface of the water had (p
been burned. However, no over-all measurable effect could be noted since
both green tips and stems below the surface of the water were seen all
over the area. The next examination of the area was conducted on Sep-
tember 5 and revealed only scanty control. Top kill of the weeds was
attained but many green tips and stems were visible. On the whole, no
control could be predicated for this area.

3. Area C. The third 34~acre plot was treated with 17 pounds of
CMU (70 per cent) at a dosage of 9 parts per million. The chemical was
suspended in 30 gallons of water utilizing an agitator to keep the material
from settling out. This was then diluted gallon for gallon using the pond
intake apparatus, and sprayed out over the area.

On August 22 the growth of Myriophyllum was browned over somewhat
but most of the plants were green and vital. By September 5, no more
kill could be noted in the area. There was no over-all retardation of the
growth of Myriophyllum in this area.

4. Area D. The fourth area had an average depth of 2.5 feet.
Four pounds of Phygon-XL were suspended in 30 gallons of water and
diluted gallon for gallon with the pond intake apparatus. The chemical
was distributed evenly throughout the area giving a final concentration
of 3 parts per million.

The plants here showed definite signs of decay by August 22. At this
time, the leaves of the Myriophyllum had turned milky white in appearance
and were beginning to fall below the surface. However, green tips still
remained on the plants and some appeared to be very vital. On Sep-
tember 5 it could be seen that only top kill had been attained in this area.
The tips of the plants were still green and vital and the leaves could not
easily be separated from the stems. Slightly more control was attained
in this area in comparison to areas B and C. An early spring examination
of these areas is indicated.
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Laboratory Research.
One of the specifications required for an effective and useful herbicide

is that it be relatively non-toxic to either humans or animals. Toxi-
cological data on the various chemicals employed for the control of aquatic
weeds are generally available from the various manufacturers. When this
information is not available, however, attempts must be made to ascer-
tain these data through laboratory experimentation. Such was the case

I involving two of the more promising herbicides employed in the present
investigation, viz. Sodium Arsenite and Phygon-XL.

For the purpose of such experimentation on the toxicity limits of these
chemicals to fish, the facilities of the Lawrence Experiment Station of the
Division of Sanitary Engineering, Department of Public Health, were
utilized. Similar studies designed to ascertain the toxicity limits of
Phygon-XL to mammals were conducted at the Biologic Laboratories of
the Department of Public Health.

For the experiments dealing with the toxic levels of both Sodium Arsenite
and Phygon-XL to fish, the young spottail shiner (Notropsis hudsonius)
was utilized as the test animal. They had been reared in the streams of
the city of Lawrence, supplied with relatively soft water. The fish were
stocked in the laboratory in large (20 gallon) glass aquaria supplied with
“Standard Reference Water,” which is a solution comprised of all the
major ions in concentrations typical of a mean surface water of the United
States. The water was aerated continuously with compressed air and
renewed periodically. The fish were fed ground, dried, conditioning food
and remained apparently in good condition for many months.

The toxicity bioassay procedure was essentially the standardized routine
procedure for the evaluation of acute toxicity of industrial wastes to fish
described by Doudoroff. The experimental vessels were rectangular glass
aquaria of 16 liter capacity. To find the broad range in which the two
herbicides were effective, two fish were used in each aquarium containing
15 liters of test material. In the final tests, 10 fish were used in each
aquarium

The number of test animals surviving in each one of the experimental
. concentrations of toxicant tested was recorded 24 hours, 48 hours, and 72
’ hours after the beginning of each test. The median tolerance limit (TLm),

or the concentration of toxicant which is fatal to 50 per cent of the test
animals for each of the specified exposure periods, was estimated by
straight line graphical interpolation.

The results of the evaluation of the toxicity of arsenic as Sodium arsenite
under the experimental conditions described showed the TLm to be 45
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parts per million for the 24-honr exposure period, 29 parts per million for
the 48-hour period, and 27 parts per million for the 72-hour period.

In evaluating the toxicity of Phygon-XL under these same conditions
it was found that the fish either reacted violently to all the test dosages
in a 24-hour period, or survived indefinitely apparently in good health.
In this respect the reaction of fish to Phygon-XL differs markedly from
the reaction to Sodium Arsenite. For this reason the TLm limits for the
customary 48-hour and 72-hour periods could not be determined. The
24-hour TLm, however, proved to be 87 parts per billion.

It is to be understood that the values reported here as median tolerance
limits obviously do not represent concentrations which may be deemed
safe or harmless to fish under natural conditions. These median tolerance
limits are only useful indices of the relative toxicity of Arsenic and
Phygon-XL under the experimental conditions described above.

It is the contention of the experimenters that under natural conditions
of habitat, because of the protective influences present, the minnow would
probably be able to withstand increased dosages of both of these chemicals.

Experiments conducted to ascertain the toxic limits of Phygon-XL to
mammals are not yet complete. In these experiments, the white rat
served as the test animal. The average weight of these animals upon
introduction of the test material was 156 grams, and ranged from 110
grams to 200 grams.

During the dosing and observation periods, the animals were housed in
wire-mesh, raised bottom cages and were supplied with water ad libitum.
About 24 hours before the dosage was to be administered, food was with-
drawn from the cages. The test doses were administered via stomach
tube and hypodermic syringe in proportion to the body weight of the
animals. The Phygon was held in uniform suspension in water contain-
ing 4 per cent Tween 80, a surface active agent.

Immediately after administration of the test doses the animals were
returned to their cages, and one hour later their food cups, containing a
commercial laboratory chow, were replaced. The rats were observed fre-
quently during the dosage days, mortality records being made at full-day
intervals for a period of 72 hours.

Preliminary results on the toxicity of Phygon to mammals under the
conditions described above indicate that this material is not an economic
poison, as defined by Federal regulations, “an insecticide, fungicide, or
rodenticide having an oral LDso (TLm) of 50 mg. or less per kilogram of
body weight must be regarded as an economic poison highly toxic to man.”
This preliminary evidence must, however, be confirmed and expanded by
further research before any definite conclusions regarding the toxicity of
Phygon to mammals can be reached.
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10 for season

Summary of Results of Aquatic Weed Control Investigation, 1955-1957.
Year 1955. •

Results.

Aquatic
Weed.

Pond, Chemical Used,
Per Cent
Regrowth.

Per Cent
Kill.

Saugus:

Upper Breakhcart CMI Myriophyllum
Myriophyllum4 Delrad

Boxford

Charles River
Paradise Co

UtricularAyer:
Flannagan’s Pond

Ar

Myriophyllu:
Pond Lilies

A

Pond 2, 4-D

Saugus

I ilariiLower Breakheart Delrad-70 (no resul
Phygon-XL

Saugus:
Upper Breakheart Delrad Myriophyllum 100) results). Sodiur

d CMU Utricularia 100 10

90 50
90 25

Phygon-XL Potamogeton
CeratophylluraBlack’s Nook

ium Arsen None 1 yr.
None 1 yr.
None 1 yr.
None 1 yr.

Cambridge

Boxford iton

Cole’s Poi Utriculari;
Phygon-XL Potamogeton

Utricularia
90
40
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for srckun

0

Per Cent
Regrowth.

Summary of Results of Aquatic Weed Control Investigation, 1955-1957. Con-
tinued.

Year 1956.

Results,

Aquatic
Weed.Chemical Used.Pond,

Per Cent
Kill,

Charlton
Prindle Pond SodiumArsenite Myriophyllum 80

Water Shield 10 100
Water Lilies 10 100

Phygon-XL followed by CMC Myriophyllum 80
Water Shield 90

100

Water Lilies 0
Sodium Arsenite Myriophyllum 0

Water Shield 50 100

Stockbridge

Stockbridge Bowl Phygon-XL 20Potamogeton
Cabomba

100

li
Elodea 20

0
100

Amraate-X Potamogeton
Cabomba
Elodea 0

Andover
Foster’s Pond Phygon-XL Cabomba 80

Ceratophyllum
Cabomba

10
Sodium Arsenite 100

Water Shield
Water Lilies
Utricularia

100100

100100

100

Andove
Foster’s Pond Phygon-XL and Sodium Arse- Cabomba

nite Mixture Utricularia
100
100

100100Water Lilies

Quincy
Typha (Cattail)Manet Lake 70CMU

Plymouth:
King’s Pond 2, 4-D & 2, 4, 5-T Mixture Myriophyllura 100

Water Shield 95
Water Lilies
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Summary of Results of Aquatic Weed Control Investigation, 1955-1957. Con-
cluded.

Year 1957.

Results.
Pond. Chemical Used. Weed - Per Cent Per Cent

Kill. Regrowth.

Si ; %■:
6’ranberry Meadow Sodium Arsenite Myriophyllum

Lake Utricularia
Potamogeton 60 100
Elodea
Water Shield

Saugus:
Lower Breakheart Sodium Arsenite Utricularia 100 0 for season

Saugus:
Upper Breakheart Surveyed Utricularia 100 10

Myriophyllum 100 10

Weston:
Blake’s Pond Kuron Potamogeton 0

Charlton:
PrindlePond Sodium Arsenite Myriophyllum

Water Shield To be determined
Water Lilies

Kuron Myriophyllum
Water Shield To be determined
Water Lilies

Millbury:
Pond, private plot Kuron Myriophyllum 100 0 for season

treatments T. C. B. A. Myriophyllum 10
Phygon-XL Myriophyllum 10
CMU Myriophyllum 20

Conclusions.

1. Chemical treatment of ponds and lakes for the control or
elimination of aquatic vegetation shows promise.

2. It is extremely difficult and practically impossible to control
aquatic vegetation in small areas of large ponds by chemical treat-
ment unless such treatment is continually practiced.

3. Sodium Arsenite, Kuron, 2,4~-D, and Benoclor are
the chemicals which show most promise at this time in the eradica-
tion or the control of aquatic vegetation.
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4. The most efficient and economical method of application for
the control of vegetation lies in the use of a power sprayer.

5. Experience with new chemical methods of weed control has
shown that, since the attacked vegetation ultimately decomposes
wholly, the problem of weed growth springing from smaller sections
of whole plants can be eliminated. Field trials in Massachusetts
demonstrate this conclusively and it has been found that weed
growth in treated areas is due generally to the following factors:

(a) Reinsemination the process of regrowth of weeds in
clean area due to reseeding;

( b ) Reinfestation the process of regrowth of weeds in a clean
area from fragments of weeds blown or otherwise transported into
the area;

(c) Incomplete kills a regrowth of weeds manifesting itself
under the following conditions:

(1) When an insufficient amount of chemical is used for treatment;
(2) When the chemical is unevenly distributed;
(3) When the chemical concentration or the contact time is

lowered beyond the toxic limits due to uncontrollable factors such
as wind direction and velocity or heavy rains.

Recommendations.

1. This investigation should be revived and continued for two
to three years, as a definite need for an adequate method of con-
trolling aquatic vegetation exists. The results of the current study
indicate strongly that the chemical method should be further pur-
sued with the view of treating several whole ponds in the future.

2. If this investigation is continued, provisions for its continuance
should be made early in the year. The Joint Board feels that
$25,000 per year for the next two years null be needed in order to
successfully carry out the aquatic weed program. This monej'’
should be appropriated early in the year in order that chemical
treatment can be pursued at the time of active growth of the aquatkw
weeds.

3. That the unexpended balance of chapter 784 of the Acts of
1955 should be carried over. This should be effected as soon as
possible so that laboratory studies may be continued and certain
ponds could be treated early in the spring of 1958.



1958.] HOUSE No. 3041. 51

4. Further field studies should be carried out with Kuron, one
of the most promising herbicides. Also laboratory toxicity studies
should be undertaken with this chemical.

5. New herbicides and soil sterilants should be studied as they
are developed.

The project was under the direction of Mr. Mario M. Boschetti,
Biologist, assisted by Messrs. Howard Paul and Thomas

McLoughlin, Junior Sanitary Engineers, all of the Division of
Sanitary Engineering, Department of Public Health.

Personnel of the Lawrence Experiment Station were helpful in
the project, especially William Magee, Chief of Laboratory, and
Francis O’Llalloran, Senior Chemist, who performed special tests,
and Gerald McCall, Assistant Biologist, who identified some of the
aquatic weeds.

Numerous people, departments and agencies have been of great
assistance during the period covered in this report. Included are
the local boards of health and other officials, personnel of the
Departments of Public Works and Natural Resources.

Special reference is made to the following manufacturing com-
panies which were kind enough to donate chemicals for experi-
mental purposes: The E. I. DuPont DeNemours & Company
(Inc.), Delaware. The Hercules Powder Company of Colorado.
The Chipman Chemical Company, Inc., of New Jersey. The
Naugatuck Chemical Company of New Jersey. The Dow Chemical
Company of Midland, Michigan.

Respectfully submitted

WORTHEN H. TAYLOR,
Acting Director, Sanitary Engineering,

and Chief Sanitary Engineer.
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