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Growths of this weed were ~ery heavy in the lower two miles of
the lake and including the entire race course. Spotted infes- -/
tations were noted in all parts of the lake up to and including
the area around the boat house. Also noticed were scattered
clumps of Curly Leafed Pondweed, Potamoget~n crispus.

Control Efforts - In April of 1953, there was approximately
one acre of weeds that were troublesome. This area was treated
on April 9, 1953, by hand-broadcasting copper sulfate crystals
over the weed bed at a rate of 500 pounds per acre.

By April 21, some 98% of the weeds had gone to the bottom
and the area was clear enough for unrestricted rowing. Subsequ­
ent observations made on July 1 showed considerable growth of the
Cabomba and fair control of the other submersed weeds. .

In 1954, the weed growth had enlarged to cover approximately
five acres. This area was treated again with copper sulfate as
in 1953. Work done elsewhere in NewJersey indicated at this high

rate of 500 pounds per acre copper sulfate was effective as a
control agent for the Anacharis and the Potamogetons, but not for
the Cabomba; however, Cabombawas not prevalent nor did it gener­
ally reach the surface of the water until late June and thus did
not interfere with the rowing in April and May••

In 1955, the weed growth area had expanded to cover some
5 to 10 acres, and it was decided to switch treatment procedures ~
from chemical to mechanical. While mowing of aquatic vegetation
is not generally considered to be very effective, the situation
at that time in Carnegie Lake.was such that it was far more eco­
nomica1.and feasible to mow than to apply further copper sulfate
.treatments. The weeds would be mowed in the spring at which time
/there would be sufficient flow of water to remove the cut weeds
from the rowing course.

A mow.1ng machine was purchased by Princeton University and,
with the ccoperatlon of the Fish and Game Division, mowing of
submersed and emergent weeds was undertaken. Reasona.b1e control
was obtained, at least in the early and late spring sea sons ,

The extent of the weed infestation continued to expand and
by 1953 it was nece seary to operate the mower i11 the spring and
fall and to cover exsensdve areas. ·The machine was not capable
of handling such .large areas and a new approach was sought.

*Huckins, Robert K. - "Aquatic Weed Control Studies in NewJersey,
. A Progress Report", Trans. 9th Annual Meeting, Northeastern Weed
Control Conference, NewYork, January 1954.
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Asa result of the survey of the situation in the fall of
1958, several chemicals were considered for the control of the
growths present and each,were discarded for various reasons.
In the spring of the year', with the high ra te of flow entering
the lake from both the Stony Brook and, th~ Millstone River sys­
tems, it would be impractical to use liquid formulations that
reqUire 2 or 3 days of contaottime with the vegetation. The
only possible carrier for the chemical would have to be a gran­
ule which would sink to the bottom and not be overly affected
by water movement. It was decided to use a 2,4-D granule.formu­

.lation as a means of control. Field-testing of granular 2,4-D
has demonstrated the effectiveness of this chemical for the con­
trol of Water Milfoil, the major weed species now present.

Application of 2,4-DGranUla~ - A 2,4-D granular formulation
containing 20% acid equivalent 2, -D iso-octyl ester impregnated
on attaclay granules was used in this work.2,4-D granules, when
broadcast over the surface of the water, sink to the bottom. It
is believed, based on my personal observations, the 2,4-D is re­
leased into or near the bottom muds, enters the plant through
the root system and lower stem areas, and is translocated up-
ward into the plant, causing its death. .

Previous experimental work with 2,4-D in the granular form
shows that when applied at the acid eqUivalent of 20 pounds per
acre it was effective for the control of Water Milfoi!. It was
also believed that even, at this high rate of application, it
would not be effective on the Potamogetonspecies. As the Water
Milfoil repres~nted 95% or more of the weed growth present L it
was decided to' go ahead with treatment in the spring of 19'9
using granular 2,4-D.

A catamaran type of pontoon barge was constructed and a
Tarco Scotchman Rotary Seeder. machine ,was purchased by the
University for the application of the chemical.

On April 10,'1959, application began and by April 11, 1959,
,.the entire rowing course had been treated, i.e. some 50 acres.
At that time weed growth was just starting, but,.it was felt! due
to the long time required for the chemical to be effective ln
cool w~;terlh that .an early application was a 'must' •

•', ".: .l,; .".'' •

From April 11' up through May, an additional 50 acre s were
treated adjacent to the course, below the finishing line, and
above the starting line. Weed growth was active during this
period.",

'.. ReSults' - On May 26 1959, an inspection was made of the
'aquatic growths present In Carnegie Lake. At the same time, an

"'Tarrant Manufacturing CompanyJ -Sarasota .~~r1ngs, NewYork.
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evaluation was made of the effectiveness of the application of
the 2,4-D granular material for the control of individual weed _/
species present in the lake.

Those areas which had been treated for at least a month or
more showed a high degree of \:later Milfoi1 control, conservatively
estimated at 97%. Some 'holidays' were present, undoubtedly be­
cause of skips in the application. No subsequent regrowth was
noted in the treated areas throughout the rest of the 1979 sea­
son.

In the area around the staring line of the rowing course,
'referred to in the earlier history of the lake, there was evi­
dence of a considerable growth of Potamogeton natans and ~ pus­
i11us, Cabomba and Coontai1, Ceratophy11um demersum. Observed
throughout the entire lake were clumps of Curly Leafed Pondweed,
Potamogeton crispus. In the area above the starting line up to
and beyond the boat house there were observed scattered growths
of Water Mi1foil, which, while not present in heavy mass, were
dense enough to cause concern. A narrow ~trip of this area had
been treated about this time with the granular 2,4-D and it was
expected this treatment would be effective. The presence of
weed growths outside this treated area indicated, however, that
the entire area would become weed choked~ possibly by l~ke sum­
mer and certainly by the spring of 1960 if additional treatments
were not undertaken during the 1979 growing season.

SUbsequent ~reatments - In the area adjacent to the starting
line, some 3 to acres, were heavy concentrations of the 2,4-D­
resistant Potamogetons, Cabomba and Ceratophyllum. A spray ap­
plication of sodium arsenite was made on an experimental basis at
approximately 20 ppm.* By this time, water flow had been reduced
to a minimum by summer drought conditions. By using an ~xcessive

rate in a limited area it was expected some satisfactory weed
control would result.

Additional areas of the lake populated with Water Milfoi1
were treated with granular 2,4-D during the month of August.
Some areas of Potamogeton and Cabomba were treated at exces­
sively heavy rates, rangIng from 40 to 60 pounds acid equivalent
per acre

l
in an a'ttempt t9kill these weeds with this chemical

if at ,a1 possible. ;- ,
'. I .,

Re~ults o~ L!te SeaSon Treatment - tn'mid~August the area
treated with t e lquid sodium arsenite was inspected; at least
77% of the vegetation had been controlled. The few scattered
clumps left would not interfere with rowing and the lake appeared
to be in fine shape. ' . ,

The results of the late-season treatment of 2,4-D granular
are not too clear. vfuerethe weeds were not too dense at the
time of application it appeared the treatment ..had been effective.
Conversely, where the weeds were so dense as to make it almost .:»
*Chipman Atlas "All, sodium arsenite solution.
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prohibitive to get the boat through to treat them, the results
were very poor. It is theorized that the dense vegetation kept
the granules from reaching the bottom muds and thus nullified
the effectiveness of the chemical. Further observations in the
spring of 1960 may throw some light on these opinions.

Because of the difficulty iIi reaching the weeded areas at
anything approaching a uniform rate of speed or in a uniform
pattern, it is not feasible to state the exact poundage of granu­
lar 2,4-Dapplied in the August treatments. It is estimated that
in the more open areas thelll8terial was applied somewhere be-

. tween 40 and 60 pounds per acre acid equivalent and this high
rate was successful i~contrQlling the Potamogetens and the £!£-
omba, ..

Future Plans - Those areas heavily infested with Potamogetons,
Cabomba, etc. in the fall of 1959 have been mapped out and will
be treated in the spring of 1960, using heavy rates of granular
2,4-D before the weed growth becomes too abundant. This appli­
cation will attempt to secure the control of these plants for the
entire, season. The use of sodium arsenite has shown sufficient
promise, even under some flow conditions, to make it worth try­
ing agaln next year.

Regular inspections wil.l be made of the entire 'lake start­
ing in the early spring, and chemical will be available to spot
treat as needed those areas showing reinfestation.

Conclusions - In reviewing the changes that have occurred
in the weed popUlations over the last seven years, and in con­
sideration of the variety .of treatment procedures that have been
used to attain at least some degree of control, it is obvious
the authorities at Princeton University have a most fluid problem
on their hands. It is conceivable that species resistant to
2,4-D will become established in the lake, and certainly rein­
festation of many species will occur from the untreated waters
of the two contributing watersheds.

It is obvious that treatment procedures and chemicals will
have to be selected to meet the individual situations as they
occur. New'chemicals will .in time be developed which, no doubt,
will provefar.more efficient than those which have been used
over the pas~ seven years.

The methods used at Carnegie Lake to combat and control the
heavy aquatic vegetation serve as an example to lake owners in
general of what they can expect in their aquatic weed control
efforts. In any situation,. as long as the upstream watershed
remains well populated with weed species, one can look for con­
tinued trouble in the ponds and lakes within the watershed, and
those concerned with aquatic weed control activities should be
expected to develop plans o£ aquati~ weed control which are flUid
and not static.
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A Review of Simazine for Aquatic Weed Control
J. H. Flanagan

Geigy AgricUltural Chemical Co.

Since the introduction of Simazine as an herbicide, several
workers have tested it against aquatic weeds and algae. These
trials were more or less of an introductory nature. The results
of the trials ranged from poor to mostly fair, and a few showing
excellent control. However, all of these tests have served to
point out wher-e and how Simazine would fit into the aquatic' weed
control picture.

In the 1958 season, a total of twenty reports were received
and can be summarized as follows:

1. Lab screening (on weeds) 2 reports
2. Lab screening on fish 3 reports

~:
Ponds or portions of ponds 7 reports
Irri~ation

(a Drained lake or Pond bottoms 2 reports
(b) Laterals and ditches 5 reports

5. Algae Control 1 report

Laboratory screening on weeds indicate Simazine is effective
against Duck weeds, Hornworts, Najas, some Potamogetons, Elodea,
and water star grass at concentration of 5 to 10 ppm. One worker
used 2,-10, 25,50,100 on the above species, and reported a brown­
ing of the foliage at 96 hours at all concentrations.

Three reports on fish tOXicity indicate Sinazine is safe on
a variety of minnows, bluegills, large-mouth bass, and catfish
at a concentration of 10 to 37 ppm. ':Talker, llissouri, reports
safe level up to 50 ppm.

Seven reports were received where Simatine was used in
ponds or portions of ponds. Rates used range from 2 to 40 pounds
active per acre on a surface basis, and from 1.2 to 9 ppm on a
weight volume basis. It is interesting to note that fair results
were obtained with rates as low as 1.25 ppm and excellent results
with 2.5 ppm to 3 ppm (active). In one case, pond enclosures were
treated with 1 to 5 ppm using a 50%wettable powder formulation
and rates of 8 to 20 pounds per acre active surface basis using an
8%granular formulation. In both cases, excellent control of four
algae species, including Chara, and five species of Potamogeton
was obtained with rates of 5 ppm volume basis and rates over 10 ~'
ponnds active in granular form surface basis. Also significant
is the fact that rates of 20 pounds active in granular form gave



comparable results with extended periods of control.

In most cases, Simazine has been more effective on sub­
merged weeds rather than on emerged or marginal growth. One
worker reports initial kill of top growth of cattails and
Phragmites, but recovery within two months. Two workers re­
ported no control of Alligator weed.

A total of seven reports were received where Simazine
was used on irrigation systems. In one case, Simazine was
sprayed directly to the soil of a drained lake bottnm at
10 - 15 - 20 - 26 pounds per acre active. Good control was
obtained from May to late July. After this period, Mysophyllum
and Potamogeton pictinatus made rapid growth. In another case
where Simazine was applied at a rate of 12 pounds per acre
(active) to the soil of a drained irrigation stream, Sago pond­
weed was controlled for three weeks after water was turned into
the stream. In another case, at rates of 20 to 40 pounds,
active, in granular form were applied to a drained canal bottom.
No control was obtained by this treatment.

Algae Control

Grigsby, in the Proceedings of the North Central Weed Con­
trol Conference 1958, reported on a laboratory screening trial
that three triazine herbicides, including Simazine, possessed
algaecide properties. He reported that Simazine at 5 ppm was
lethal to green algae and that toxicity persisted in the tank
for six months. Walker reported in the July 1959 issue of
WEEDSthat granular Simazine at 10 pounds per acre (active)
controlled Chara, Chladophora and Spirogyra in a pond enclosure.
Other workers have reported control of the filamentous algae
Pithophora and Cladophora using rates of 1.5 to 3 ppm as wet­
table powders and 10 to 20 pounds per acre (active) in granular
form. Still another worker reported inhibited growth of
ChIarella, Oscillatoria and Phormidium for several weeks at a
rate of 6 ppm.

Up to the writing of this paper, four reports have been re­
ceived where Simazine was used during the 1959 season. In
Illinois a test on three small enclosed ponds at 6, 3 and 1.25
ppm (active) using a 50%wettable powder yielded the following
results:

(1) At 6 ppm excellent control of filamentous algae
and pond weed (Potamogeton ~.) was obtained.
Water waS crystal clear for about a month.
Partial fish kill - especially of larger shiners ­
was noted.
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(2) At 3 ppm excellent weed control of Potamogeton \jas
obtained. Ho fish injury noted,'

(3) At 1.25 ppm excellent control of algae and fair
control of sUbmerged Potamogeton species. No fish
injury was noted.

In Ohio a half acre lake was treated during the first
weel{ of 11ay with a 10 lb. actual per acre rate of Simazine.
By July 24 good control of pondweed was obtained. Algae
control lasted 3 weeks.

Another lake in Ohio treated on August 12, 1958 with 10
lbs. active per acre, required retreatment in July of 1959.
This lake was spring fed and had a steady rate of run-off
water.

In still another 1.5 acre lake, a rate of 20 lbs. of
Simazine 50Wand 20 lbs. of Phygon per acre was applied in May
1958 to an area 0.25 acres in size at one end of the lake.
Good control was noted during the 1958 season. In July 1959
Potamogeton spp. infested 10% of the area originally treated.
Good control of algae was noted during 1958 and no control in
1959.

In interpreting these results, some consideration should
be given to the chemical and physical properties of the com­
pounds involved.

Simazine is reported to have a water solubility of 5 ppm.
It is stable at ordinary temperatures to acids and bases.
Therefore, we can assume that this solubility will not vary
significantly with the conditions encountered in ponds or
streams. However, little is known at present about the rate of
solution. This factor becomes important when we compare the
action of Simazine with tqe pr,esent, chemicals used for aquatic
weed and 'algaecont'rol.' Exper1enc~s with Simazine on estab­
lishedperennial terrestialweeds have shown the effects of the
chemical are relatively slow even under dptimum rainfall con­
ditions. The same situation appears to be true when it is used
against aquatic weeds. In cases where good control was eventu­
ally obtained, a periodof'three to four weeks elapsed before
noticeable$yinptoms appeared. The rate, of decay after this
periqd seems to be much inorerapid., A,combination of these
factors indicate two possibilities.



1. That applications should be made during a period
when the weeds are most receptive for the absorp­
tion of Simazine. On terrestial weeds, Simazine
has little or no effect on foliage. The same is
probably true on aquatic foliage since these
species have more protective cuticles. Therefore,
the rate of reaction on these aquatic species is
the result of slow absorption by the roots. If
this is true, then it is desirable to maintain the
highest possible concentration in the root area.
This brings up the question of what formulation to
use on submerged species.

2. No one can deny the advantages of using a granular
material on a surface rate basis versus the pre­
treatment work involved in making a ppm application.
If we convert some of the rates used with granulars
to ppm, we find in most cases that good control was
obtained with rates less than 1 ppm, which is not
in accordance with laboratory findings. If this is
true, granular material seems the logical formulation
for submerged species. However, it also implies that
applications should be confined to small enclosed
ponds with a minimum or no run-off after application
is made.

In closing, the following conclusions appear to be valid
concerning the use of Simazine for aquatic weed work.

1. Simazine is effective against submerged aquatic weeds.
2. Granular rates in excess of 10 pounds per acre

(active) have shown promise on the major aquatic pest.
3. Early applications appear most effective.
~. Simazine is effective on aquatic algae. However,

further test work is needed to determine whether
wettable powder or granular material is the best method
of application.

5. Results on emerged and marginal growth is inconclusive.

505.
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THEAQUALINHERBICIDEPROCESSFORAQUATICWEEDCONTROL

C. GEORGEGREEN,TECHNt:lLOGIST
SHELLCHEMICALCORPORATION,NEWYORK

The need for an aquatic herbicide, more economical than chaining
and more versatile than aromatic solvents, has been apparent in the Western
states for some time.

After several years of laboratory and field testing in the
irrigated areas of the West, the Aqualin* Herbicide Process was developed
for the contrdl of aquatic weeds. All typi.cal submersed and floating aquatic
weeds and algae appeal' to be susceptible. (Emergent species such as cattails
and tules are not affected.)

The chemical used in the process (formerly designated as F-98) is
a special stabilized formulation of 2-propenal which kills through its
sulfhydryl reactivity destroying important enzyme systems in the plant cell.
The chemical, though qUite volatile, is completely water soluble and through
the use of special application techniques can be handled with ease. Once the
chemical is applied, correctly, in water it will (1) control submersed weeds
for relatively great distances in moving streams and (2) control weeds at
rather low concentrations in lakes and static ponds (3) cause weeds to
disintegrate eliminating necessity for mechanical removal.

The chemical is toxic to fish but ·when applied by the Aqualin
Herbicide Process method, fish kill may be kept to a minimum. By proper
dosage and placement of the chemical, fish can be herded for selectively
eliminating rough species from game species.

Aqualin herbicide·, currently, is being marketed cOllllllercially in
the West and in Florida for use in flowing canals, ditches and drains.

During this past summer over two dozen experimental trials were
conducted in lakes and ponds of the Northeast; Midwest and South to evaluate
the compound in static water. Results ranged from good to excellent depend­
ing upon method of application and weed species.

From samples of bot tan fauna organism taken prior to and after
treatment, with dosages up to 12 ppm in an Iowa lake, it was found that
Aqualin herbicide had no effect on the organisms present (CHIRONOMID,
CERATOPGONID,TUBERFICID,CHAOBORUSANDTANYPUS).

Toxicity tests on laboratory animals show that Aqualin herbicide
is relatively toxic to mammals. However, it is not an insidious chemical
nor is it hazardous to use. In feeding tests with laboratory animals and
lactating animals, no adverse effects were observed and no milk contamination
occurred when it was added to the drinking water at levels far in excess of
those that would be encountered under any conditions of use. _/

*Trademark - Shell Chemical Corporation
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The Aqualin H~~bicide Process after two seasons of experimental
demonstrations and one season of commercial applications, is rapidly
becoming an accepted meth9d of aquatic weed control in the irrigated West.

For lakes and ponds, additional tests have been outlined for next
season involVing new chemical formulations and application techniques.
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Survival of Vca~ in Sand, Hater and Vegetation
Contaminat~w~-Dichlorophenoxyacetic Acid.

Frederick N. Sudak and C. Lloyd Claff
from. the Department of Ph~sio10gy,

Alberninsteln College 0 Medicine
- NewYork, NewYork

and The Mii'rIni"'Btol'Og!cilLaboratory
- Woods Uole, Massachusetts

The toxicity of the herbicide 2,4_dichlorophenoxyacetic
acid has been studied in a wide variety of animals. Extensive
research has been carried out on the lethal effects of this
compound on vertebrates, particularly domestic, farm and labo­
ratory animals (1-5). These investigators found that the oral
toxic doses of this compound varied from. 300 mg/kg to 1.000
mg/kg depending on the species used in the investigation. Gen­
erally, 2,4-dichlorophenoxyacetic acid was found to be a rela­
tively non-toxic compound to birds and mammals.

The affect of 2,4-dichlorophenoxyacetic acid on the sur­
vival of animals which inhabit vegetation upon which this weed
killer is used has been investigated less thoroughly. Putnam
(6) found that spray concentrations of this compound did not
affect the growth of grasshopper nymphs as long as the weeds
remained succulent. Also, fish which lived in lakes into which
this compoundwas placed were not affected directly (7). l~w­
ever, 2,4-dichlorophenoxyacetic acid did affect the embryonic
development of frogs (Rana t~oria) under laboratory condi­
tions (8). Fertilized eggs ~t in a concentration of 2,4-di­
chlorophenoxyacetic acid greater than O.05~ were slow to
develop and a concentration of O.5~ stopped development c~
pletely. Eggs kept a week in a O.l~ solution (recommended
spray concentration) and then transferred to fresh water
hatched, but the larvae were smaller than normal. Because of
the dilution that spray applications would undergo when applied
to ponds, lakes, and streams, it would appear that these animals
would probably not be affected in field studies.

The present investigation was undertaken to investigate
the affect of 2,4-dichlorophenoxyacetic acid on an amphibian
which inhabits an environment in which the water content does
not remain constant. Littoral animals, i.e., those which in­
habit the tidal zone along the sea coast, are subjected to wide
variations in climatic extremes. During the SUllJllerIIIOnths
particularly, water evaporation from tide pools occurs very
rapidly and consequently a weed-killer sprayed during low tide



would concentrate in a matter of a few hours. Therefore, ani­
mals which inhabit theee areas would be exposed to high concen­
trations of a herbicide although for a short period of time
between the tides.

Uca &Ugnax, c01lllllOnlyknown as the fiddler crab, was se­
lected as-t e experimental animals to be used in this investiga­
tion. This enimal inhabits the eastern seacoast to as far north
as Cape Cod. It ·is found in numerous quantities in the marsh
grass occupying'mud or sand burrows near the high water line.
Consequently, this animal is subjected to varying degrees of
moisture.

All crabs used in this study were obtained from the
Marine Biological Laboratory Supply Department at Woodsnole,
Massachusetts during the summer of 1958. 2,4-dichloropheno­
xyacetic acid (Eastman Organic) was made up in fresh water solu­
tions of 1,000, 2,500, 5,000 and 10,000 parts per million.
Fiddler crabs were exposed to these concentrations for various
lengths of time and survival counts recorded.

Forty five (average) fiddler crabs were placed in large
confinement basins containing· sea water, sand and marsh grass.
the various concentrations of the herbicide were then applied as
a fine sprinkle. In a series of experiments in which the. ani­
mals were exposed continuously, 2,4.dichlorophenoxyacetic acid
was l~ lethal after 108 hours exposure to 10,000 p.p.m. (50%
of the crabs were dead in 72 hours) and 5,000 p.p.m. (50% of the
crabs dead in 96 hours), after 10 days in a concentration of
~,500 p.p.m. and after 17 days in a concentration of 1,000 p.p.m.

A second series of experiments was performed in which the
confinement basins were prepared as shove. However, the animals
were exposed to the herbicide for only a twelve hour period.
They were !;hen removed, rinsed in fresh sea water and placed in
uncontaminated confinement basins. Fifty per cent of the ani­
mals exposed to a concentration of 10,000 p.p.m. were dead With­
in 12 hours after they were removed from the contaminated basins.
Eighty per cent were dead after two weeks. A single 12-hour
exposure to recommended spray concentrations (1,000 p.p.m.) was
lethal to 10-20% of the anima~ within two weeks.

Another group of animals were injected (into the hemo­
coelom at the base of a walking appendage) with a solution of
the sodium salt of 2,4-dichlorophenoxyacetic acid. The toxici­
ty of this compound was found to be greater than 0.4 mg/gram

509.
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body weight. Larger doses of this substance were not possible
because of the large volume which would have to be injected.

It was concluded from this study that 2,4~dichloropheno~

xyacetic acid may be toxic to animals which live in the tidal
zone if the herbicide is used during low tide in hot Wja&ther.
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