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ABSTRACT

The primary objective of this broject was tl’ determine under
natural, open-field conditions, the efficady of two can-
didate algaecides, Compound No. 23 (2,5-Dichloro-3,4-dinitro-
thiophene) and No. 73 (p-Chlorophenyl-2-thienyl lodonium
chlorlde) from Phase II of the multiple phase developmental
program. Specific efforts were also directed toward further
delineation of the toxicological and environmental persistence
properties of the candidate compounds, as well as further
development of a possible biological-chemical control system.

Data from the field tests conducted under a wide variety of
conditions in four geographically diverse regions of the
United States revealed a distinctive pattern of selectlve
blue-green algal control for both experimental compounds.
Compound No. 23 was eliminated from the test series due to
unacceptable fish toxicity.

A whole-pond field study involving the use of a phagocytic
organism, Ochromonas ovalis, as a blological control system,

was inconclusive due to the apparent 1lnability of the organism
to survive under the existing environmental conditions.

Continued laboratory screeniﬁg tests of some 70 additional
compounds produced two additional candidate compounds,

No. 136 (2,2'-(1,2-Ethenediyl)bisbenzoxazole) and

No. 176 (1,2-Dichloro-Li-(isothiocyanatomethoxy) benzene).

Continuation of testing of candidate compounds under field
conditions is recommended.
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SECTION I
CONCLUSIONS

Data collected under a wide variety of conditions in four
geographlcally diverse reglons of the United States indi-
cate a rather distinctive pattern of blue~green algal
control by both of the two prime candidate algaecidal
compounds, No. 23,'2,5—Dichloro-3,u-dinitrothiophene; and
No. 73, p-Chlorophenyl-2-thienyl iodonium chloride. Other
supporting data regarding compound selectivity, environ-
mental persistence and fish toxlcity was definitive.

The following specific conclusions are reached:

Compound No. 73, having met all of the original objec-
tives, has emerged as the best candidate. It is an
effective chemical for algal control; it 1s safe to
applicators, fish, and other higher aquatic plants and
animals; it has a falrly rapid degradation pattern

under open atmospheric conditions, with a half-life of
one to two days; and it also exhibits a falrly high
degree of specificity for the target algae, particularly
Anabaena, Microcystis, Aphanizomenon, and Oscillatoria.
It is relatively 1nactive agalinst diatoms and most green

algae.

Compound No. 23 also proved to be an effective algae-
cid and met most of the criteria, but was found to be
toxic to fish l1life and thus had to be eliminated from
the test program.

Through the continuing laboratory screening of 70
additional compounds; No. 136, 2,2'-(1l,2-Ethenediyl)

1



bisbenzoxazole; and No. 176, 1,2-Dichloro-4-(isothio-
cyanatomethoxy) benzene; exhibited good algaecidal
properties, showing 91 to 97 percent control of Anabaena
at the 0.8 ppm level.

Continued efforts toward development of a blological-
chemical control system have resulted 1n further invest-
igations of the phagocytic algal organism, Ochromonas
ovalis, which has proven to be a voracious feeder on

the blue-green alga Milcrocystis aeruginosa, and have
shown that Ochromonas can retain some viability for more
than 70 days at room temperature when imbibed in acti-

vated charcoal or cotton and polyester fibers; whole
pond field tests with this organism for control of
Microcystis were unsuccessful as the Ochromonas was

apparently unable to cope with the new environmental
conditions present at the time.



SECTION II

RECOMMENDATIONS

In view of the positive results obtalned thus far in the
long-range development program, and the relatively géod

prognosis for successful achievement of the original
objectives, it 1s recommended that the research program

be continued at least to Phase IV, of the general develop-
ment plan; under government funding. There are certain

inherant uncertainties and areas which should be investi-
gated in greater depth to determine whether the project
should be advanced, terminated, or modified at the
conclusion of Phase IV.

It is suggested that thilis next phgse should include:

l.

Additional field tests under natural conditions,
especially in larger single ponds, small lakes, and
fish hatchery empoundments. to obtaln more informa-
tion on the algal control efficacy of the candidate
compound.

‘Further tests to determine the compound's environmental

safety, including expanded animal and plant toxicities
and compound degradation patterns under natural conditions.

Continued laboratory testing, as new compound structures
shown to be potential algaecides are synthesized in
proprietary proérams, or otherwise become available for
preliminary screening.

Continued investigation of the biological control
phenomena by flagellated phagocytes, especlally with
regard to the development of practical application methods.

3



SECTION IIT
INTRODUCTION

All surface waters contain dissolved and suspended materials
which serve as nutrients and help support the growth of
algae and many other forms of aquatic life, the numbers and
variety of which are determined by the amounts and kinds

of nutrients which are available (Palmer, 1962). A certain
amount of natural eutrophication in our fresh water systems
is tolerable, and even desirable, for the support of fish
life and the necessary accompanyling biota. Excessive
eutrophication, however, upsets the natural aquatic ecologi-
cal balance and causes many troublesome aesthetic and economic
problems. /

In comparatively recent times the availabllity of adequate
suppllies of good quality fresh water has come to be regarded
as one of our most wvaluable natural resources, and the con-
trol of nulsance algae growth and aquatic weeds 1ls one of

the major concerns of the Environmental Protection Agency
(Prescott, 1970). To this end a cooperative plan of action
has been formulated for the collection of a sufficlent range
of comparable data on the degree and extent to which nutrient
loading in our fresh water lakes 1s correlatable with the
rate at which eutrophlcation 1s developing (EPA, 1973).

Algae are found as common and natural inhabitantslof all sur-
face waters and are especially abundant where the water is
exposed to direct sunlight. The portion of the avallable
solar radiation spectrum utilized is in the visible, infrared,
and ultraviolet regions, in the approximate ratio of 60:45:1,
respectively (Brown, 1973).



To date more than 18,000 species of algae have been identified
(Palmer, 1962) but only a relatively small number of these,
principally the blue-greens, are considered to be notable
nuilsance species.

Unlike the other groups of small microscopic organisms all
specles of algae contain chlorophyll. Algae are responsible
for an estimated 90 percent of all photosynthetic activity

on the earth (Meyer, 1971). One pound of algae growth will
produce about 15 pounds of oxygen (MacKenthun and Ingram,'l964).

The constant ilncrease in urbanization, accompanied by changes
in ground cover and surface soll, together with such phenomena
as forest fires, over-grazing, deforestation, and agriculture,
having increased run-off and reduced soil seepage to the
extent that, as estimated by some authorities, the underground
water table in the Eastern half of the U.S. has been lowered
about 60 feet in the last 50 years (Palmer, 1962). This, in
addition to a large increase in the use of ground waters, has
created severe shortages in many areas. Thus, as population
and industrial demands 1ncrease, attention has, of necessity,
turned more and more to lakes, streams, and reservoirs in order
to meet these needs.

A need for an efficient and economically feasible method for
controlling certalin algal species has arisen as a result of
’excéssive eutrophication of natural waters due to the con-
tinued increase in the wastes produced by the human population
as well as from indescriminate use of available water supplies.

Although there is no universal agreement among scientists
and environmentalists as to the particular elements which
are responsible for excessive élgal populations, the most
commonly suspended nutrients are phosphates and nitrates.



It has been observed that algae blooms are often associlated
with waters which receive sewage effluents or other waters
which are rich in these components. Thus, 1t 1s widely
believed that in many bodies of fresh water, growth of
phytoplankton tends to be limited by the supply of inorganic
phosphate (Talling, 1962), MacKenthun and McNab (1961) made
studies of several Wisconsin stabilization ponds and con-
cluded that the annual per capital contribution of soluble
phosphorous and inorganic nitrogen was 1.1 and 4.1 pounds,
resspectively. |

When the physical and chemical conditions of a body of water
become optimal for a particular algal species, proliferation
may take place in such abundance as to produce visible aggre-
gations of floating algal masses. To produce such "algal
blooms" the combined growth conditlons usually become optimal
for only one species at a time. Thus an algal bloom usually '
contains one heavily predominant species.

Many types of algae, particularly the blue-greens, tend to
impart obnoxious tastes and orders to the water, clog intake
screens and rapid sand filters of water treatment plants, and
produce unsightly collections of debris on shores, making the
water unsuitable for many desired uses.

The presence of algae in water supplies has been known to
cause digestive upsets or even death to certain warm-blooded
animals due to toxic substances released to the water. A
number of case historles are recorded in which <certain genera
of Cyanophyta (blue-green algae) such as Mlcrocystis,
Aphanizomenon and Anabaena are known to have caused animal
deaths, particularly in areas where the wind may have concen-

trated the algae 1nto leeshore areas (MacKenthun and Ingram,
1964).




A rather common occurrance resulting from heavy algal
blooms 1s a severe fish kill due to the depletion of
dissolved oxygen in the water. Even though algae do impart
oxygen to the water, through photosynthesis during daylight
hours, the metabolic and catabolic processes taking place
in living plant cells continuously utilize oxygen both day
and night. Should a heavy cloud cover reduce the oxygen-
producing photosynthetic activity of the algae to an abnor-
mally low level over a several-day period, the dissolved
oxygen level during the night, when photosynthesis ceases
and oxygen-consuming digestive processes still continue,
may fall below the critical level required to sustain life
in many specles of fish, and massive fish kills may result.
Game fish such as trout, which have high dissolved oxygen
requirements are usually the first to be affected in such
cases.,

The pH of the water will tend to increase, as algae extract
‘carbon dioxide from the water for photosynthetic action, thus
reducing the amount of soluble carbonic acid in the water, as
well as the intermedlately soluble bicarbonates and the nearly
insoluble monocarbonates, usually causing part of the latter
to precipitate. Water storage and transport problems may also
be caused by the depolarizing action of the oxygen produced
during photosynthesis (Palmer, 1962).

The literature documents the damage to our inland waters in
recent years as a result of excessive algal growth. For
example, Lake Washington in 1959, contained a maximum phyto-
plankton population of 1.5 x 10° u’/ml, of which only 15 per-
cent was made up of blue-green algae. By 1963, the phytoplank-
ton population had increased ten-fold and consisted of 95 per-
cent blue~-greens (Bartsch, 1967).



In contrast to most specles of non-flagellated algae whlch

settle to the bottoms of lakes in calm weather, many plank-
tonic blue-greens exhibit an "upside-down" characteristic,

accumulating as dense scums on the surface, which may then

be blown by the wind into thick windrows and piled upon the
shorelines. Often an accompanying offensive "pig-pen" odor
results from the decaying material (MacKenthun and Ingram,

1964). Also, bad tastes as well as decomposition products

are imparted to the water which may become toxic to animals
and humans alike (Bartsch, 1967).

The problems associated with nuisance algal control are

being investigated through the National Eutrophication Research
Program of the Environmental Protection Agency. Basically

the investigative efforts fall into four broad categories:
mechanical, biological, ecological and chemical. Mechanical
approaches involve the engineering and design of machines and
equipment for underwater mowlng, raking, and harvesting of
certain algae and higher aquatic weeds. Bilological control
mechanisms being investigated include viruses, insects,
algae-eating fish, and phagocytic organisms. Ecological
approaches include diversion of nutrient-rich waters, fluéhihg
of 1ékes and ponds with nutrient-poor water and nutrient-
removal by aquatic plant crops, or by flocculation and adsorp-
tion methods. Due to the great variety and complexity of
conditions in which algae problems may exlst, it is unlikely
that any one single approach to the control of unwanted algae
would be suitable 1n all cases. Without question, one of the
basic solutions to the control of algae lies in the control
of nutrient levels in the water. The nutrients and the
required nutrient levels are not well understood, and the
difficulties involved in controlling excessive eutrophication
are so great that alternative methods of algae confrol will
likely persist in the future for a considerable length of tipe,



For many situations, a chemical approach to the control of
nuisance algae growths will be suitable, particularly in
smaller lakes, streams and impoundments where algae "blooms"

are imminent and the need to restore ecological balance
exists.

Chemical approaches (the use of algaecides) have not been
as thoroughly investigated because of the difficulties
encountered in developing a compound which will selectively
kill or inhibit reproduction of the target algal species
without'adversely affecting the other more desirable forms
of aquatic life.

For a number of-&ears, the most widely used algaecidal
compound on the market has been copper sulfate. Despite

its extensive usage, copper sulfate has disadvantages such

as toxlecity to desirable aguatic life at higher‘concentrations,
non-blodegradability, accumulations of copper salts in bottom
muds, and corrosive properties to paint and equipment
(Bartsch, 1954). Hasler (1947) and Kuentzel (1969) point out
the possible deleterious effects of lake-bottom accumulations
of copper sulfate on lake ecclogy. Investigations conducted
in Wisconsin and Minnesota by Moyle (1949) indicate that
certain algae, particularly the blue~green alga Aphanizomenon

seem to have acquired an increased tolerance to copper sulfate
as a result of many years of successive treatments; in this
case up to five times as much copper sulfate was needed for
control of Aphanizomenon as was required 20 years earlier.

There is no federally registered chemical available for the
selective control of nuisance species of blue-green algae
in surface waters which are to be used for potable purposes.
A considerable amount of time and effort has been expended
in recent years in search of a compound which would replace
copper sulfate as an algaecidé, and at the same time prove
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to be safe to non-target organisms, non-cumulative 1n
the environment, and be economically feasible to use for
such purposes (MacKenthun, et al, 1964).

It is important to understand that the development of a
compound for widespread use in the environment, particularly
where recreational and potable waters are concerned, 1is a
long~range and expensive process.

Phase I of this contractual effort to "Develop a Selective
Algaecide to Control Nuisance Algal Growth", was initiated
April 5, 1969. The primary objective was to develop a
compound which would control the growth of wvarious speciles
of blue-green algae effectively, safely, and economically,
while exhibiting a minimum impact on other forms of 1life
in the aquatic environment.

The following criteria were specifled as general guldelines
for compound selection and development. A satisfactory
algaecidal compound must have:

1. High activity against the target algae, specifically,
against selected species of blue-green algae.

2. Low toxiclty levels for mammals, fish, and other
desirable aquatic organisms.

3. Low toxicity to terrestrial plants

4, No questionable elements such as arsenic, mercury,
or other heavy metals, in its structure.

The approach to the problem involved initially making a

computer search of some 80,000 compounds in Dow's computer
listing of compounds in order to select those havihg the

10



highest probability of meeting the established criteria
for an ideal algaecide. Most of these compounds had al-
ready been screened against at least one species of algae
and also for activity against higher aquatic planté, fish,
and some terrestrial plants and animals. A final hand
selection was then made from the computer printout, elim-
inating those compounds which contained heavy metals and
those which were likely to be costly, or which possessed
inherent or demonstrated undesirable properties, such as
high toxicities to fish, terrestrial plants, or mammals.
The candidate compounds, thus selected, were then divided
into several priority groups according to the established
selection criteria.

Within the l2-month contractual period, 33 compounds were
screened using the two target species of blue-green algae
suggested by EPA's Federal Water Quality Office, Corvallis,
Oregon. Each compound was tested against cultures of
Microcystis aeruginosa and Anabaena flos-aquae at a concen-

tration of 2.0 ppm in constant-temperature water bath shakers
(24°C) at 80 oscillations per minute under a cool-white
fluorescent light intensity of 100 foot-candles. Compound
activity was expressed as percent control, as compared to
control cultures which were run simultaneously under identilcal
conditions. Cell growth was monitored by visual inspections,
cell counts, and relative intensity readings using a fluoro-
microphotometer. Those compounds which passed the first
screening test with at least 80 percent control at 2.0 ppm
against both test species were selected for more detailed
testing at 1.0, 0.5, and 0.1 ppm. Of the 33 compounds tested,
Compound Nos. 23 (2,5-Dichloro-3,4-dinitrothiophene), 15
([5-Chloro-2-(p-nitrophenoxy)phenyl]phenyl iodonium chloride),
8 (4-Amino-2,5-dibromophenyl thiocyanate), and 24 (1,1-Di-
methyl tetradecyamine hydrochloride) were effective at these

11



concentrations and were selected as the prime candidate
compounds for further research through Phase II of the
long-range algaecidal development program (Prows, 1971).

A phagocytic organism, identified as Ochromonas ovalls,

was discovered which showed promise as a means of control-
ing Microcystis. In addition, it was found that the growth
and activity of Ochromonas was enhanced by low concentra-
tions of some of the test compounds being studied.

As specified in the contractual work statement efforts were
to be directed toward the long-range goals of developing
an algaecidal compound which would:

be safé to non~target organisms
. exhibit a high degree of specificity for the target algae
be economical

. be safe to applicators

vyl E W N -

. be non-persistent in aquatic systems

Phase II of the algaecide development program was begun

June 30, 1971. 1Initially a computerized structure search

of more than 100,000 compounds was made in order to select
the analogs of the following four Phase I prime candidates:
2,5—Dichloro-3,4—dinitrothiophene; [5-Chloro-2-(p-nitro-
phenoxy)phenyl] phenyl iodonium chloride; 4—Amino-2,5-d1-
bromophenyl thiocyanate; and 1,1-Dimethyl tetradecylamine
hydrochloride. This endeavor resulted in the selection of
1309 analogs, which were each subjected to rapid agar-plate
screening tests. quty-one compounds emerged from these
tests as'candidates for final laboratory screenings. Although
six of these compounds showed high levels of activity against

12



the target blue-green algal specles, four proved to be
unacceptable because of poor economic feasibility, environ-
mentally unacceptable properties, or difficulty or danger
in compound production.

At the conclusion of Phase II, Compounds'No. 23 (2,5-Di-
chloro-3,4-dinitrothiophene) and 73 ([p-Chlorophenyl]l-2-
thienyl iodonium chloride) were selected as final candidates
based on superior algaeclidal activity, environmental
acceptabllity, economic feasibility, and freedom from human
health and handliqg hazards (Prows anhd McIlhenny, 1973).

Three additional species of Ochromonas were discovered
during Phase II which exhibited phagocytic activity against
Microcystis aeruginosa. However, the original speciles
discovered during Phase I exhibited the greatest activity
and showed some activity improvement when used with low

levels of certain test compounds.

The Phase III effort was begun on November 28, 1972. The
objectives of this third phas= were to test the candidate
compounds under natural fileld conditions to obtain informa-
tion on the algal control efficiency, and of combined
biological-chemical systems in naturally occurring field
situations. The stability and environmental stability of
the compounds of concern were to be determined.

The initiai approach was to synthesize large enough quantities
for use in field tests. Analytical test procedures were to
be developed in order that the persistence, adsorption, and
degradability rates could be followed during and after treat-
ment. The compounds were then to be field tested in small
lakes and ponds having blooms of nuisance algae. Careful

13



monitoring as well as the analysis of water, bottom muds,
and higher aquatic plants. Toxlcity studies on fish and
mammals were to be undertaken. The blological and chemical-
bioclogical systems using Ochromonas were also to be further
studied.

14



SECTION IV

EXPERIMENTAL PROCEDURES

The primary objective of this research project was to
determine under natural, open-field conditions, the efficacy
of two prime candidate algaecldes, No. 23 (2,5-Dichloro-
3,l4-dinitrothiophene) and No. 73 (p-Chloro-phenyl-2-thienyl-
iodonium chloride) which were final candidates at the con-
clusion of the Phase II effort. Specific efforts were to be
directed toward further delineation of the toxicological
properties and environmental persistence of these compounds,
with objectives focused on further defining an effective
chemical or biological~chemical system which would control
'the growth of blue-green algae safely and economically while
exhibiting a high degree of specificity for the target algae.

In order to have sufficlent quantities of the candidate com-
pounds to allow the toxicology tests to bpe run and to have
sufficient for each of the four field tests planned for various
sectors of the country, a re-synthesis of the two test com-
pounds was necessary. Twenty pounds of Compound No. 23 was
manufactured according to specifications by Pharm-Eco Corpora-
tion, Simi Valley, California. A like quantity of Compound

No. 73 was made in several successive batches at Dow's Organic
Synthesis Labs in Midland, Michigan.

ANALYTICAL PROCEDURES

During the developmental stages of a pesticide, particularly
if it is to be used in the aquatic environment, 1t is man-
datory that a fast and accurate means be developed for
detecting compound residuals as a function of elapsed time.

14
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In this case the procedure had to be capable of monitoring
traces of the compound in very dllute concentrations,
preferably in the parts per billlion range, since initial
treatment concentrations were planned at around 1.0 ppm,

and 1t was desirable to follow the compounds' perslstence,
adsorption, and degradation rates for several weeks following
each treatment.

COMPOUND NO. 23

Both test compounds were examined by differential pulse
polarography but the lowest detection limit achievable

for Compound No. 73 was 3.0 ppm and the method was therefore
unacceptable for this compound. The instrument used was a
Princeton Applied Research Model 174 Polarographic Analyzer
equipped with Model 1T74/70 drop timer to record the differ-
ential pulse polarograms.

A standard solution of Compound No. 23, prepared in methanol,
was found to possess two polarographic waves in a sodium
acetate supporting electrolyte, with half-wave potentials of
-0.13 and 0.27v versus a saturated calomel reference electrode
(SCE). Sodium acetate itself gave no response in this poten-
tial region, but when high instrument sensitivities were
employed to achleve the desired response, interference due to
impurities appeared. After electrochemical purification for
a wgek (or longer), the sodium acetate was found to be free
of interferences at the desired level of sensitivity. When
laboratory distilled water and purified sodium acetate ﬁere
used, a useful response was obtained from 20 ppb of the

compound. Instrument response was linear with concentrations
from 20 ppb to 20 ppm.
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A sample of Tittabawassee River water was obtailned upstream
from Dow in Midland, Michigan, to check for interferences
from natural waters. Purified sodium acetate was added to
the river water and a polarographic scan was recorded. No
interferences were observed in the potential region of
interest.

At this point, it was desired to establish the stability of
solutions of the compound so that proper shipping arrangements
could be made, since test sites were scheduled for various
parts of the United States. Initial dosage levels were
expected to be 1.6 and 0.8 ppm, and therefore, a 0.6 ppm
stock solution was selected for stabillity studlies. Aliquots
of this solution were determined polarographically at various
time intervals. The compound remained stable at this concen-
tration for at least a week under ordinary laboratory condi-
tions,

Stabllity was also checked in Tittabawassee River water and
similar results were obtained, although the background signal
from untreated water increased with time, which would 1limit
detection of trace amounts. Stability was also checked on
refrigerated and frozen samples since it was planned to

ship samples packed in dry ice. No adverse effects were ob-
served.

From this procedure it was concluded that 2,5-Dichloro-3,4-
dinitrothiophene could be determined polarographically in
natural waters down to the 20 ppb level. The method proved

to be quite specific, due to the presence of two polarographlc

waves.
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COMPOUND NO. 73

Liquid chromatography was flnally selected as the analytical
method of choice for determination of Compound No. 73. The
test compound concentrations were monitored at the elution
end of the column by a Perkin Elmer "1250" ultraviolet
detector at the 254 nanometer range.

The original gradient elution system developed was later
modified by a more efficient and time-saving procedure.

In the gradient method, the water sample was injected into

a strong cation exchange resin (VYDAC-SCX). The water and
organics were first eluted with a 1:1 water/methanol solution;
the iodonium chloride, which had been retained on the column
was then gradient eluted with a dilute (0.02 M) sodium
perchlorate solution in 1:1 methanol/water. It was also
found that methanol was as effective a mobile phase solvent

as the water/methanol system. After the iodonium chloride
was eluted, the column was then washed for ten minutes with
the original solvent to remove all sodium ions. Due to the
column washings, associated with the gradient system, a sample
run lasted 20 to 30 minutes. Thus only about 15 samples, plus
the appropriate standards, could be run per day with this
method.

Recent work with chlorophenols'has demonstrated that penta-
chlorophenol and tetrachlorophenol can be separated by ion
exchange chromatography using constant composition elution

with a weakly ilonic mobile phase. Applying this principle

to the lodonium chloride/water system, it was found that by
using a’constant composition mobile phase consisting of 0.01 M
sodium perchlorate in methanol, the iodonium chloride was suf-
ficlently retarded in passing through the coiumn to be separated
from the unretarded water and organics. With this method a
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30-sample shipment could be analyzed in three hours. There
were also no diffuse negative peaks associated with the
solvent change preceding the iodonium chloride peak. The
ionic strength needed to just separate the bacteriostat from

the water/organics was constant for a given column but changed
when a new column was packed.

A series of standard solutions was prepared and chromato-
graphed with this technique. The chromatographic response
was found to be linear in the 0.3 to 5.0 ppm range. For a
given standard the reponse was also found to be reproducible
to within +1.5 percent of the mean response.

Thus, the analysis of U4-Chlorophenyl-2-thienyl iodonium
chloride in natural water was simplified by replacing a two-
solution gradient elution system with a single-solution
procedure. The resulting 80 percent reduction in analysis
time permitted prompt analysis of large numbers of samples,
thereby circumventing problems of degradation in storage.
The linearity and reproducibllity of this method was found
to be very good wlth standard solutions.

FIELD TESTS

Selection of Sites

It was proposed that test sites be selected in at least four
different sectors of the United States so as to provide a
good climatic cross-section with naturally occurring algal
blooms. The general areas were selected with the advise of
EPA personnel.

Specific sites were selected 1n connection with algologists
whose previous work and interest had been associated with the
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limnological aspects of lakes and streams in the local areas
where the particular Universities were located. The following
criteria were used as a basis for selection of the test

sites:

1. past history of algal populations and blooms
2. freedom from animal and human interactions

3. proximity of test sites to research personnel and

laboratory facilities

4, prognosis of appropriate agency approval for permission
to perform the tests

On a site-selection tour of the proposed test areas early in
May, 1973, final details and arrangements for carrying out
the fleld testing programs were made with the appropriate
university investigators. Suitable bodies of water wlth
reasonable proximities to the institutlons concerned were

chosen.

The following is a list of the selected sites, together wilith
the university professors cooperating as area investigators:

1. Chowan River, North Caroclina
Dr. B. J. Copeland, University of North Carolina

2. Lake Sallie, Minnesota
Dr. Joe K. Neel, University of North Dakota

3. Diamond Lake, Oregon
Dr. Howard Horton, Oregon State University

4, 8lidell, Texas )
Dr. Dwain Vance, North Texas State University
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During the inital site selection tour, contacts and liaison
was established by the cooperating investigators with the
appropriate government and state agencies at each site to
assure thelr cooperation and to obtain the necessary approvals

for the tests to be performed. No problems with state or
local approval were encountered.

Field Procedures

Due to the limited amount of test compound available, and
the need to contain the test compounds in small areas because
of their experimental nature, it was decided to use 60-gallon
plastic containment bags as phe test vessels at each site,

except for the North Texas site, where a whole pond was to be
treated.

Six test vessels were designed for use at each site. These
were supported by polyurethane flotation collars, filled with
ambient lake waters, and held in position by means of auxillary
flotation devices which were anchored to the lake bottom with
concrete anchors (Figure 1). A self-priming DC pump, powered
by a 12-volt battery was used as an aid in filling the test
vessels to a measured 60-gallon depth with ambient algae-
infested lake water.

The water in the vessels was then treated by Dow personnel
with selected, pre-determined concentrations of test compound,
with some vessels serving as controls, in addition to the sur-
rounding lake water itself.

Water samples were taken from the lake and from each vessel
immediately before and following treatment, for the purposes

of compound concentration monitoring, as well as the monitoring
of algal population numbers as a function of time.
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Figure 1.
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Approximately 200 ml samples were taken and placed in plastic
blological "twirl pack" bags. Those collected for algal
monitoring were treated with formalin solution as preserva-
tive measure to assure counting validity. Samples which were
taken for compound monitoring were placed in a second pro-
tective bag before freezing and were then packed in dry ice

for shipment via air freight to Midland, Michigan, for
analysis.

Water chemistry data, which varied somewhat with individual
preferences of the site investigators, but always included
temperature, pH, dissolved oxygen, and alkalinity, were taken
before, during, and following treatment according to the
recommended schedule.

SAMPLE SHIPMENT

In order to eliminate inconsistencies in sample handling and
shipment and to help assure rapid and safe delivery via air
freight, the following suggestions were made in a letfter sent
to each site investigator:

All samples which are collected for compound analysis and
sent to Midland, Michigan, should be:

1. Sealed securely in primary collection bags (200-300 ml)
and then placed in a second protective plastic bag.

2. Double labeled - (a) pencil writing on a cardboard
label, placed inside the second
bag.

(b) writing on outside or primary
collection bag with a permanent-
ink felt tipped pen.
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Uniformly labeled as follows:

I-C (this 1s control no- 1, with no test
compound) .

II-C' (this is control no. 2, with no test
compound)

I1J-23-1.6 (test compound no. 23 at 1.6 ppm)

IV-23-0.7 (test compound no. 23 at 0.8 ppm)

V-73-1.6 (test compound no. 73 at 1.6 ppm)

VI-73-0.8 (test compound no. 73 at 0.8 ppm)

ViI-lake ‘(ambient lake water outside of test
vessel)

Quick~frozen as soon as possible after sample
collection and retained in a frozen state until
packaged for shipment.

Packaged in a sturdy, well-insulated shipping carbon,
with at least four pounds of dry ice packed around,
but protected from, direct contact with the sample
bags (utilizing newspapers, or other good packing
materials). '

Package should be labeled "fraglle" and sent via air
freight by the most direct routing possible using
shipping labels which specify the presence of biological
samples, packed in dry ice, and a specific request to
handle with care, and to deliver on or before a specified
date. The only two major air lines whichlserVices the
Midland, Michigan, area directly are North Central and
United.
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FORMULATION AND DISPENSING

A rather extensive study was undertaken in order to deter-
mine the optimum procedures for formulation of the two
compounds. Several solvent systems, balanced to a specific
gravity of 1.00 were utilized in the study. Compound No. 23,
having a low water solubility, was found to be readily
soluble in both acetone and xylene. However, when dissolved
in acetone the compound was observed to crystallize and fall
out of solution when the concentrate was combined with water
in the normal temperature range one would expect to find in
lakes and streams. The utilization of xylene as the basic
solvent required the addition of about 19 percent perchloro-
ethylene, to yield the desired 1.00 specific gravity balance.
The use of a surfactant as an emulsifying agent was also re-
required.

The principal governing factor for the optimum formation of
molecular compounds i1n such cases is the realization of the
best hydrophylic¢-lipophylic balance, permitting the formation
of lytotropic mesomorphous phases or dispersion into milscelles.
The optimum formulation for Compound No. 23 was determined as
a 25:75 ratio of aniocnic:nonionic surfactant in a xylene-
perchloroethylene solvent system.

Compound No. 73 was found to be 0.42 percent soluble in water
at room temperature and about 4 to 5 percent soluble in
methanol. The increased solubility in methanol was not con-
sidered sufficient justification in itself to prompt its

use as a solvent, which would tend to escalate the economics
of the compound when considered for large-scale use. However,
the compound was solubilized in methanol for use in certain
portions of some of the field tests to determine whether that
particular solvent system would affect the ¢ompound's algae-

cidal activity.
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A day or two prior to treatment, primary concentrates of the
test compounds were made up in pre-determined aliquots in the
laboratory and then taken to the treatment site. For later
treatments the procedure was modified by taking unmixed, pre-
weighed quantities of the original compound to the test sites
and combining with lake water in brown 500 ml bottles to

make a "use" concentrate just prior to treatment in order to
avoid the possibility of compound degradation. After the
"use" concentrates were prepared they were kept away from
direct sunlight as an additional safeguard against possible
photodegradation. Also, the tests were not begun until near

sundown, for the same reasons.

At the North Texas test site where a whole-pond treatment was
undertaken, a "use" concentrate of Compound No. 73 was made

by addition of a pre-determined portion of the compound to
500 gallons of water in a commercial sprayer, and continuously
agitated for one hour before appllcation. The concentrate

was then sprayed onto the surface of the pond just before sun-
down.

LABORATORY SCREENING TESTS

According to plan, screening tests were to be continued on
candidate compounds as they were sent to thls laboratory

from various sources within Dow and elsewhere. The basic
‘screening procedure was modified slightly from that which

was used in the Phase III work (Prows and McIlhenny, 1973).
All primary screening tests were run for four days against
Anabaena only, at 1.6 ppm and 0.8 ppm. If secondary tests
were run they included tests down to 0.4 ppm, or lower if
deemed expedient, against both target algal species, Anabaena
flos-aquae and Microcystis aeruginosa.
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In preparation for the screening tests, stock cultures of
Anabaena and Microcystis were grown in 1000 ml flasks,
cultured in Gorham's medium under 100 foot-candles cool,
white light. Twenty~four hours prior to treatment standard
inoculum cultures were made up from the initial stock cul-
tures by placing sufficient algal cells in fresh Gorham's
medium to bring the standard inoculum to a relative inten-
sity of 0.20. After 24 hours of acclimation in the new
medium, the inoculum was ready for use. At "O-day" for a
particular test, 29 ml of standard inoculum was placed in
each of the 125 ml culture flasks and then inoculated with
1.0 ml formulated test compound of the appropriate concen-
tration such that the 1:30 dilution factor would reduce the
final concentration to the deslired levels.

The test vessels and thelr controls were then kept under
a constant illumination of 100 foot-candles, cool white
fluorescent lighting, and agitated at 80 excursions per
minute in 24°C water bath shakers throughout the four-day
test period.

Culture growth in each test flask was monlitored by cell counts
where appropriate, and by relative intensity readings, taken
with an AMINCO fluoromicrophotometer, equipped with a blue
mercury-vapor fluorescent lamp for the primary illumination
source. Light from the lamp was filtered through a No. 5543
band pass filter before entering the sample. Subsequent light
being emitted from the fluorescing chlorophyll molecules thus
provided an extremely sensitive method of determlnlng in vitro
the relative number of living algal cells remaining, without
having to go through a time-consuming chlorophyll extraction

procedure.
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After substracting the background intensities read for each
test sample the final relative intensities compared to

those of the control cultures gave a basls for computation

of the percent control as exhibited by various concentrations
of the test compound in question.
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SECTION V

DISCUSSION

The primary research efforts of the Phase III program have
been to determine the algal control efficacy of two
selected algaecidal compounds. These two compounds, No. 23
(2-Dichloro-3,4-dinitrothiophene) and No. 73 ([p-Chloro-
phenyl]2-thienyl iodonium chloride) emerged from the Phase
IT study as prime candidates for field testing because of
thelir effectiveness against two of the commonly troublesome

blue-green algal species, Anabaena flos-aquae and Microcystis
aeruginosa.

FIELD TEST RESULTS

The four test sites were diversely located to give a good
cross—-section of climatic conditions. Because each fTest
was monitored by a different group, and because the tests
were conducted sequentially there are slight differences 1in
the methods of handling the field data.

The general plan was to include two tests at each site dur-
ing the 1973 summer and fall seasons. Two tests were made
at each site, except for North Texas.

In each case the polyurethane flotatlion bobs for the enclosure,
the flotation collars, and the 60 gallon plastic test bags
were prepared at Dow and sent to the area investigators pre-
vious to the tests. The complete sets of data collected at
each site during each test are included in thils report in

Appendix B.
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Chowan River, North Carolina

The North Carolina test site was located on the west shore-
line of the Chowan River, about 20 miles southeast of

Ahoske, NC (Figure 2). The Chowan River is about four miles
wide at that point. Heavy blue-green algal blooms of
Anabaena, Aphanizomenan, and Microcystis had been reported

as having occurred in the particular section of the River

in previous years, being especlally common during the summer
of 1972. A fertilizer plant, located about 30 mlles upstream
is reported to have been responsible for a considerable amount
of nutrient input to the river, which may have contributed to

optimal "bloom" conditions.

The specific location of the ﬁest slte was located Just
to the North of the Perry-Wynn Fish Processing Plant, the
owners of which were cooperatlive and agreeable for the
tests to be conducted about 200 yards offshore from their
property.

The first test was 1lnitiated on June 14, 1973, and a second
test was conducted on August 7, 1973, when a much heavier
bloom was present.

Specific clearance for conducting tests with experimental
compounds was requested and received from the North Carolina
State Department of Ailr and Water Resources by the area
investigator, Dr. B. J. Copeland, North Caroclina State Univer-
sity.

Of the six 60-gallon test vessels prepared for the field
tests, two contained only ambient river water, with no test
compound added; to serve as controls, in addition to the
surrounding river water 1itself. The other four vessels
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were treated with sufficient quantities of pre-fdrmﬁlated
test compound concentrations ¢f Compound No. 23 and No. 73,
to bring the initial algaecide levels to 0.8 ppm and 1.6 ppm
concentrations in the respective chambers.

The pre-weighed test compound aliquots were dissolved in
brown 500 ml bottles at the site, and then wrapped in
aluminum foil to serve as a light barrier and minimize the
possibility of photodegradation. As an added precaution

the test compounds'wére not administered to the test vessels

until near sundown.

The algal data, as reported by the North Carolina State
University investigators, indicated 100 percent activity
against Microcystis montana by both Compounds No. 23 and
and No. 73 at concentrations down to 0.8 ppm (Table 1).
Compound No. 23 was similarly active against Anabaena. The

action of Compound No. 73 against Anabaena was inconclusive
from the data received. Of the two blue-green algae,
Oscillatoria and Agmenellum, the former was brought under

nearly 100 percent control by both compounds at all con-
centratiocns, while the latter was affected very little by
either compound (Table 2).

An unsuspected phenomena was revealed by the specific
activity of Compound No. 23 against Microcystis cyanea,

compared to ifs relatively low activity against Microcystis

incerta (Figure 3). Compound No. 73 showed 100 percent
activity against M. cyanea at the 1.6 ppm level but the
population returned somewhat at O+4 days (similar to the
action of Compound No. 23). Little or no activity was noted
against M. incerta (Table 3). Further verification of this
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TABLE 1

Chowan River - First Test

Anabaena spp. AND Microeystis montans
cells/liter x 10°)

_Sample O0-days 0+l day 0+l days 0+11 days
Ambient River Water % %’ 3 =2
Controls (Avg.) %% %% l% l%
Compound No. 23 - 0.8 ppm g’l-g— —8 -% -
Compound No. 23 - 1.6 ppm = = = —
Compound No., 73 - 0.8 ppm %% —% g% —%
Compound No. 73 - 1.6 ppm % —% B—g— —%

Ansbaena spp.
Microcystis montana

KEY:
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TABLE 2

Chowan River - Second Test

Oscillatoria tenuis AND enellum quadriduplicatum
cells/liter x 10°)

Sample O-day 0+1 day 0+2 days 0+3 days 0+6 days
Controls ;_g - ;% L _l{_g_
Compound No. 73 - 1.0 ppm i%g §% 5% 3% 15%
Compound No. T3 - 2.0 ppm %g 5% %% %% %%
Compound No. 73 - 2.0 ppm* %g E% 5% I% ‘ Eg
Compound Fo. T3 - 3.0 pm B 12 2 A o

#Compound solubilized in methyl alchol

Oscillatoria

KEY: Agmenellum



Algal Population (cells/ml x 10°%)
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TABLE 3

Chowan River - First Test

Microcystis cyanea AND

Sample . O-day
X . 0
Ambient River Water E§
Controls (Avg.) 18
* 105

Compound No. 23 - 0.8 ppm E%
Compound No. 23 - 1.6 ppm 9

79
Compound No. 73 - 0.8 ppm g%
Compound No. 73 - 1.6 ppm E%

: Microcystis cyanes
KEY: - ——
Microcystis incerta

mﬁa%xg‘giin_c_e&a

cells/liter x 10

0+1 day 0+4 days 0+11 days
8 105 L
5 125 53
11 (13 27
Bl 73 75
0 T —
5L 37
_0 8 -
115 I3 -
16 10 19
3% 89 52
0 21 29
g 85 T3
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specific activity is seen by examination of the data from
the second Chowan test conducted in August. One hundred
percent activity was observed against M. cyanea at 2.0 ppm,

but little or no significant activity was registered against
M. incerta (Figure 4),

The target blue-green alga Anabaena was brought under about

95 percent control by Compound No. 73 at 1.0 ppm during the
second Chowan River test (Table 4). '

The blue-green algae Oscillatoria planctonica was nearly 100
percent controlled at 0+2 days, but the population returned
to normal levels at 0+6 days (Table 5). It is strongly
suspected that the population return was the result of a
considerable amount of intermixing with river water, which
may have occurred during turbulent weather, or from a par-
tially ruptured bag.- 0Oscillatoria tenuls was drastically
affected by all four concentrations of Compound No. T73; in

contrast, Compound No. 73 showed little or no control of
Agmenellum quadruplicatum at the 1.0 ppm level and only
partial control at the 2.0 and 3.0 ppm levels (Table 2).

The compound depletion patterns of both test compounds in
the Chowan River samples from the two tests were similar
(Figure 5). During the second test, after six days, com-
pound No. 73 had been depleted to near or below the 0.1 ppm
detection 1limit in every test vessel (Table 6).

The détermined initial compound concentrations in the first
test were only about 50 percent (or less) of the calculated
values, even though the samples arrived at Dow's Midland,
Michiéan location still frozen and in good condition (Table 7).
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Sample

TABLE L

Chowan River - Second Test

Anabesans s

Controls

Compound No. T3

Compound No. T3

Compound No. T3

Compound No. T3

1.0 ppm

2.0 ppm

2.0 ppm*

3.0 ppm

O-day
113
98
148
28
138
62
138
63

109
60

. AND Microcystis cyanea
cells/liter x 10

0+1 day 0+2 days 0+3 days 0+6 days

139 138 2 12
32 32 7 0
27 1 2 18
32 5 21 21

8 2 9
25 Is 29 —
2 2 6 10
0 0 0 0
9 1 1 20
0 0 2 0

*Compound solubilized in methyl alcohol

KEY: Anabaena.

Microcystis
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TABLE 5

Chowan River - Second Test

Oscillatoria planctonica AND Microcystis incerta
(cells/liter x 10°)

Sample O-day 0+l day 0+2 days 0+3 days 0+6 days

Controls li% Z -3;13% + %

108 1k 3 25 81
Compound No. T3 - 1.0 e Tog g7 % 2 &

62 o 0 0 0
Compound No. 73 - 2.0 ppm o) 25 Ny 8 I%
Compound No. 73 - 2.0 ppm* -g% T:CL) 5—3 ﬁ- g%
Compound No. 73 - 3.0 ppm %% 7% %% % 1{%

¥Compound solubilized in methyl alcohol

Oscillatoria

KEY: Microcystis
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TABLE 6

Chowan River - Second Test

COMPOUND DEFLETION PATTERNS
values im ppm

Sample O-day 0+l day 0+2 days 0+3 days 0+6 days
Ambient Lake Water <0.1 <0.1 <0.1 <0.1 <0.1
Control <0.1 <0.1 <0.1 <0.1 <0.1
Compound No. 73 - 3.0 ppm 2.85 1.76 0.20 <0.1 <0.1
Compound No. T3 - 2.0 ppm 2.07 0.71 0.34 0.11 0.11
Compound No. 73 - 2.0 ppm*  1.99 0.90 0.33 0.1k 0.11
Compound No 73 - 1.6 ppm 0.92 0.37 <0.1 <0.1 0.11

*Solubilized in

methyl alcohol
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TABLE T

Chowan River - First Test

COMPOUND DEPLETION PATTERNS
values in ppm

Ambient River Water

Control Vessel No.

Control Vessel No.

Compound No. 23
Compound No. 23
Compound No. T3

Compound No. T3

O-day  O+2 days 0+3 days O+h days 0+6 days O0+11 days
0 0 0 0 —
1 <0.05 <0.05
2 <0.05 <0.05
- 0.8 ppm  0.39 0.15 - <0.05 — <0.05
- 1.6 ppm  0.39 0.06 - <0.05 - <0.05
- 0.8 ppm 0.40 0.15 - <0.05 - -
- 1.6 ppm  0.30 0.10 - <0.05 - -



The analysis of samples from the second Chowan treatment
showed initial concentrations very close to the calculated
values (Table 6), except in the 1.6 ppm test vessel in
which the measured concentration was only 0.92 ppm.

The mechanism of degradation is not yet fully understood.
Photodegradation is believed to be one of the mechanlsms,
since a laboratory test run on samples prepared .at 1.6 ppm
of Compound No. 73 sent to Dow's Midland location for
analysis revealed a compound loss of 56 percent on a sample
which had been exposed to diffused sunlight for 30 minutes
before shipment. This compared to only a 25 percent loss
of an ldentical sample which was not exposed to sunlight
(Table 8). The use of plastic bags for sample containers
did not prove to be deleterious, as had been previously
suspected, but shipping samples in an unfrozen state did
cause considerable sample loss. Both glass and plastic-
contained, unfrozen samples degraded 19 to 25 percent 1in
nine days without light, which indicates that bilodegradation
i1s also involved in the depletion of Compound No. 73.

Water chemlstry samples were collected on a regularly scheduled
basis during both of the Chowan River tests and the deter-
minations were made either on the site or later at a field
test station.

The phosphates were reported as reactive PouE, total filter-
able, and total unfilterable phosphates. No particular
pattern was seen among the'various stations, although some-
what higher levels of phosphates were often, but not always,
noted in samples taken from the various test vessels, as
compared to ambient river water samples. The NHst and nitrite-

by



TABLE 8

Degradation-Absorption Check on
Compound No. 73 Under Controlled Conditions

Final
Initial Conc.
Sample No. Conditions Concentration 0+¢ deys
I-73-G in capped glass bottle, 1.6 ppm 1.2 ppm
unfrozen
IT-73-P in plastic bag, unfrozen 1.6 ppm 1.3 ppm
I1I-73~GF in capped glass bottle, 1.6 ppm broken
quick frozen in dry ice
IV-73-PF in plastic bag, quick 1.6 ppm 1.7 ppm
frozen in dry ice
V-73-GS in capped glass bottle, 1.6 ppm 0.7 ppm

previously exposed to open
atmosphere for one hour
under overcast sky
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nitrogen levels reported were fairly consistant with those
in the ambient river water, except in the chambers contain-
ing Compound No. 23 where considerably higher levels were
noted up to 0+3 days, ranging as high as 11.4 mg/l. The
nitrate-nitrogen levels remained higher in the 1.6 ppm
tests using Compound No. 23 through 0+l4 days. Increased
nitrogen concentrations in these vessels were attributed

to the nitrogen components in the molecular structure of
Compound No. 23, as the most probable source.

The dissolved oxygen levels did not show any significant
pattern, and varied from a high of 9.02 ppm in the river

at O-day, to a low of 2.20 ppm at 0+3 days in the test
chamber treated with 2.0 ppm of test Compound No. 73,
solubilized in methyl alcohol (Table 9). In this vessel,
which was added to the experimental design to determine
whether such a formulation would enhance algaecidal activity,
361 mg of test compound was dissolved 1in approximately one
pint of methanol before adding to the 60~gallon test chamber.
In this procedure the methanol concentration was about 0.2
percent, which 1s well below the 10,000 ppm methanol toxicity
1limit for trout. However, the high BOD of methanol dild show
up significantly in the tests where 1t was used as a solubil-
izing agent.

During the first Chowan test the temperature varied from a
high of 31.0°C to a low of 26.6°C. However, among the test
chambers during any given monltoring period there was little:
or no difference in temperature and there seemed to be no
significant correlation between temperature and test results.
The same was generally true of salinlty measurements which,
for all practical purposes, were below the detection limit
throughout both test periods.
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Chowan River - Second Test

TABLE 9

DISSOLVED OXYGEN LEVELS

Sample O-day 0+l day 0+2 days 0+3 days O0+6 days 0+9 days
Ambient River Water 9.02 8.03 7.52 5.06 6.14 7.29
Control 8.13 8.15 6.9k 5.37 5.97 6.41
Compound No. 73 - 3.0 ppm 8.09 6.65 6.24 5.25 T.65 6.55
Compound No. 73 - 2.0 ppm 7.94 6.51 6.12 5.49 7.86 6.85
Compound No. 73 - 2.0 ppm* 7.58 6.4k 5.94 2.20 3.28 7.15
Compound No. 73 - i.o ppm 8.36 6.63 6.1k 5.00 T.Th 6.42

#Solubilized in

methyl alcohol



Lake Sallie - First Minnesota Test

This test site which was located about five miles southweét
of Detroit Lakes, Minnesota, (Figure 6) had been the subject
of extensive limnological studies for a number of years,
headed primarily by Dr. Joe K. Neel, University of North
Dakota who also served as area investigator for this project.

This moderately-sized lake had been in times past very
popular for sports fishing, but in recent years had developed
serious algal blooms due to heavy nutrient input from sewage
lagoons which emptied into Muskrat Lake and which then flowed
into Lake Sallie from the east. A state fish hatchery was
located at that point between Muskrat Lake (which was used
for the second test in that region) and Lake Sallie. Proper
liaison was made with the cognizant state agencles and formal
approval was received by the area investigators before the
test program was begun.

Lake Sallie is about six miles wide, east to west, and
about ten miles long. The tests were put into operation

at Station 15 across the Lake from the fish hatchery, about
500 yards from the west shore (Figure 7).

The first blue~green algal bloom of the season appeared
the first of July. The test compounds were administered
in calm and sunny weather to each test chamber, at the
calculateq 1.6 and 0.8 ppm levels.

Water samples taken before and immediately following test
initiation arrived in rather poor condition the fourth day
after shipment. Most of the samples were completely thawed,
and some of the plastic "twirl pack" bags were ruptured,
Fortunately, enough sample in each case remained to allow
for fairly accurate determinations to be made, although with
some difficulty.
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Figure 6.

Minnesota Test Site




Figure 7.

Lake Sallie and Muskrat Lake - Linological Sampling Stations
and Algaecide Testing Stations¥

MUSKRAT
LAKE

LAKE
SALLIE

X Pelican
River

Scale:
1l in. = 1 mi.
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As may be seen from an examination of Table 10 only about

25 to 50 percent of the‘compound, with which the water was
initlally treated, was still detectable in the samples at

the time they arrived for analysis. Compound No. 23 suffered
a greater loss than its companion. The depletion pattern

was falrly rapid for both compounds, verifying previous data
from the Chowan River tests. The concentration levels of
both compounds dropped below the 0.02 ppm and 0.05 ppm
detection limits by 0+4 days.

Although variations in avallable and total PO, 1n the ambient
lake water and test vessels were found, no conclusive pattern
was discernable. Practicall& no NO2"-nitrogen was measured
in any of the samples and the NO;~-nitrogen levels remained
rather consistent in the control vessels, compared to the
'1ake water itself, as did the carbonate and bicarbonate
levels. The water temperatures were fairly stable, ranging
from 23 to 25.5°C, as were the pH readings which ranged from
8.4 to 9.0 during the six-day test period (appendix C).

The algal toxicity of both compounds was lmmediate and quite
effective on Aphanizomenon and three specles of Anabaena but

it lasted for only two days. The 1.6 ppm concentration of
each compound was somewhat more effective than the 0.8 ppm
level, achieving 100 percent control of these two species
at 0+1 day (Table 11 and Table 12).

Both compounds also affected Coelosphaerium haégelianum
through 0+1 days. It can be noted that this blue-green
speclies was not as rapidly affected as were the two fila-

mentous groups and that it did not suffer complete "wipe
outs" as they did. The effects on Microcystis were incon-
clusive from this experiment.
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lLeke Sallie - First Test

TABLE 10

COMPOUND DEPLETION PATTERNS
values in ppm

Sample 0-days 0+2 days O+l days

Ambient Lake Weter

Control Vessel No. 1 - - -—
Control Vessel No. 2 <0.02 - -
Compound No. 23 - 0.8 ppm* 0.39 <0,02 <0.02
Compound No. 23 - 1.6 ppm* 0.25 0.0k <0.02
Compound No. 73 - 0.8 ppm 0.4k <0.05 <0.05
Compound No. 73 -~ 1.6 ppm 1.2 0.05 <0.05

0+6 days

<0.02

<0.02

*¥Compound No. 23 was determined by differential pulse polarography
Compound No. T3 was determined by liquid chromatography
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TABLE 11

Lake Sallie - First Test

TEST COMPOUND ACTION ON THE BLUE-GREEN ALGAE

Aphanizomenon AND C. naegelianum
{cells/ml x 10°)

Sample _ O-day O+l day  0+2 days  O+h days  O+6 days
Ambient Lake Water %%f% %gg’ %%% EEE;Q %g%
Compound No. 23 - 0.8 ppm 1%%"% %‘g‘ 1%3‘ ﬁ%l %2
Compound No. 23 - 1.6 ppm gg—% I%‘[O; %%'g‘ fgg—s_ %'g—g-
Compound No. 73 - 0.8 ppm ng'—sl IL%—S ig 'g_i—g- %
Compound No. 73 - 1.6 ppm -5-(2)—8- i%—g 21' 'g'g_% %%_G

. Aphanizomenon
KEY: C., naegelianum
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TABLE 12

Lake Sallie - First Test
TEST COMPOUND ACTION ON THE BLUE-GREEN

ALGAE Anabaens AND Microcystis
(cells/ml x 10%)

Sample 0-day 0+1 day 0+2 days 0+h days 0+6 days
Ambient Lake Water % %%l %T %_8' l$6_.8
Control 123.2 %%:g %%%__ 1; 131.

Compound No. 23 - 0.8 ppm 92:27 E%:g ;2: %%?% 222.8
Compound No. 23 - 1.6 ppm ﬁ' gg—g‘ %ﬁ‘% 1(5)38 17?]8_7'
Compound No. 73 - 0.8 ppm hrG,:% 23,8 %:3—:% %%‘E‘ . }(.2
Compound No. 73 - 1.6 ppm :‘Tg—g‘ 'é'g'_g %2_1% ;,-%—g %%%

Ansbaena

KEY: Microcystis



Altogether 30 species of algae were identified and
enumerated in amblent lake water and in each test vessel
(see appendix). The total count of ten speciles of blue-
greens reached a maximum of 59,600 cells/ml at 0+1 day

im ambient lake water and a minimum of 6,750 cells/ml with
Compounds No. 23 and 73 at the 0.8 ppm level during the
same period (Table 13). The total of all algal cells
dropped to a low of 29,800 cells/ml in the 1.6 ppm vessel
of Compound No.23 at 0+1 day, compared to 81,900 cells/ml
in the surrounding lake water (Table 114).

It is also noteworthy that both algaecides are apparently
quite specific for blue-greens, with the green alga Ooczgtis
and the diatoms Staurastrum, Fragillaria, Synedra, and | ‘7
Stephanodiscus being affected little or not at all (Table 15),

Muskrat Lake - Second Minnesota Test

The second test in the northern section of the United States
was begun on Muskrat Lake, a smaller lake adjacent to Lake
Sallie on August 28. Muskrat Lake is smaller and better
protected from the wind. The severe wave action had upset
some of the test vessels in the previous test, and caused
difficult sampling problems. The algae bloom was denser than
in Lake Sallie.

The flotation equipment was assembled, anchored into place,
and filled with ambient water by mid-afternoon, but the test
compound was not administered until near sundown, according
to plan, to minimize photodegradation:during the initial
action period. Only Compound No. 73 was used in this, and
all subsequent tests.
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Sample

Ambient Lake Water

Control

Compound No.
Compound No.
Compound No.

Compound No.

23

73
T3

- 0.8 ppm
- 1.6 ppm

0.8 ppm

1.6 ppm

TABLE 13

Lake Sallie -~ First Test

TOTAL BLUE-GREEN ALGAE
(cells/ml x 102)

O-day 0+l day 0+2 days O+4 days 0+6_days
282 597 520 393 596
335 381 573 Le2 596
227 67.5 310 L1T 555
111 78 222 L23 613
167 67.5 454 285 LTl

8L 79.5 195 288 472
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TABRLE 1L

Lake Sallie - First Test

TOTAL ALGAL CELL COUNTS X 102%/ml
(includes 30 species of blue-greens, greens,
diatoms, euglenophyts and dinophta)

Sample 0-day 0+l day 0+2 days 0+h days 0+6 days
Ambient Lake Water 429 819 —_— T5k4 753
Control 526 693 910 852 873
Compound No. 23 - 0.8 ppm 510 3L8 516 718 792
Compound No. 23 - 1.6 ppm 339 298 411 735 88L4
Compound No. 73 - 0.8 ppm 352 327 651 524 624

Compound No. 73 - 1.6 ppm 338 360 L1t 6L5 610
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Sample

Ambient Lake Water

Control

Compound No. 23

Compound No. 23

Compound No. T3

Compound No. T3

KEY:

Oocystis
Fragilaria

0.8 ppm

1.6 ppm

0.8 ppm

1.6 ppm

TABLE 15

Lake Sallie - First Test

TEST COMPOUND ACTION ON
Oocystis and Fragillaria

(cells/ml x 10%)

O=day 0+1 day 0+2 days O+h days 0+6 days
%01 2 HE 3
22 B B % %
22 4% B2 oy Hs
2 B B % %
22 B 25 Y B
w22 B W 2



The flotatlion devices were anchored to bottom anchors and

to a small wooden platform at Station 22 (Figure 7), to

ald in servicing and collecting samples from the test cham-
bers, rather than from a boat as before. This design seemed
to be a considerable improvement and eliminated some of the
sampling problems encountered previously during windy weather.

The tests were conducted at the 0.4, 0.8, and 1.6 ppm levels,
using only Compound No. 73. Initial monitored compound levels
ranged from 63 to 82 percent of the calculated values. The
pattern of declining test compound concentrations as a function
of elapsed time after initiation of the tests is shown in
Figure 8. Compound levels generally dropped below the 0.05
ppm detection limit at 0+6 days, although 0.18 ppm still
remained in the 3.2 ppm (initlal) vessel at 0+9 days. No
compound was detected in the 0.8 ppm vessel at 0+3 days

(Table 16). '

Algae concentrations in the lake during the test were fairly
high, with Oscillatoria being the predominant species and

two other blue-greens, Aphamizomenon and Anabaena, ranking
second and third (Appendix B).

Anabaena and Aphamizomenon were both drastically affected by

the test compound, with no living cells remalning after the
first day. No population recovery of these two species was
noted within the nine-day monitoring period (Table 17).
Raphidiopsis curvata was similarly affected, but the activity
against Coelosphaerliumnaegelianum was variable and inconclu-
sive (Table 18 ). The test compound reglstered no appreciable
effect against Oscillatoria (Table 19).
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TABLE 16

Muskrat Lake - Second Minnesota Test

Compound Depletion Patterns
values in ppm

Sample O-day 0+l day 0+2 days 043 days O+6 days 049 days
Control <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Compound No. 73 - 3.2 ppm 2.62 1.86 1.03 0.63 0.37 0.18
Compound No. 73 - 1.6 ppm 1.20 0.86 - 0.39 0.12 <0.05
Compound No. 73 - 0.8 ppm  0.50 0.22 0.1k <0.05 <0.05 <0.05
Compound No. 73 - 0.8 ppm* 0.56 0.31 0.18 0.11 <0.05 <0.05
Compound No. 73 - 0.4 ppm 0.27 0.19 - 0.09 <0.05 <0.05

*¥Solubilized in methyl alcohol
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TABLE 17

Muskrat Lske - Second Minnesota Test

Anabaena AND Aphanizomenon
(cells/ml x 10%)

Sample O-day 0+1 day  0+2 days 0+3 days 0+6 days 0+9 days
49.8 1k.1
L6l 381

46 115
h3.L 396

13.7 - _13.6
210 190

€.1 gkl
0

s
;

Ambient Lake Water

(V)]

\J}
o O
= W
n
-3 o0
[es]

\
*
)

Control

N
\n
'ooI

Compound No. 73 - 0.4 ppm Soh

Compournd No. T3

0.8 ppm Lok

O
ojo olo w\n

0.8 ppm* -2

Compound No. T3

Compound No. 73 - 1.6 ppm _%iﬁi

olo ojo ojlo ojo oo
olo ojo ojo ojlo oo

U]
olo olo olo ojo oo o
ojo olo ojo o|o olo

ojo ojo

Compound No. 73 - 3.2 ppm 162

*Solubilized in methyl alcohol

Anabsgens
Aphanizomenon

KEY:



TABLE 18

Muskrat Lake - Second Minnesota Test

Coelosphaerium AND Rsphidiopsis
(cells/ml x 10%)

Sample O-day O+l day  0+2 days 0+3 days 0+6 days 049 days
Ambient Lake Water %—3 %']Z‘._% g_g% %% %% %]5_%{_
Control 2%_21_ %g_% %% h6: :93 2_8_2 l%_’i
Compound No. T3 - 0.4 ppm 53:% E‘.O-LB 2 g_-Té gﬁ g_-fi@_
. Compound No. 73 - 0.8 ppm 2:12 _g .% %.‘Lfi _g_ %
Compound No. T3 - 0.8 ppm* i :2 —-8- -% % % %
Compound No. T3 - 1.6 ppm 75 22 g_-.“. 12 g 1.0 %g@
Compound No. T3 - 3.2 ppm 1%)2'6 .% g_-@ % 0.2 0

#Solubilized in methyl alcohol

. Coelosphaerium
KEY: Raphidiopsis
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TABLE 19

Muskrat Lake - Second Minnesota Test

Oscillatoria
(cells/ml x 10*)

Sample O-day 0+1 day 0+2 days O+3 days 046 days 0+9 days
Ambient Lake Water Lo.7 Lo.3 39.3 4k, 2 33.6 39.7
Control 43.5 k9.0 35.L 35.4 20.2 24.0
Compound No. 73 - 0.4 ppm  38.8 39.2 27.6 23.6 35.4 26.7
Compound No. 73 - 0.8 ppm 51.3 26.7 39.0 30.h 21.h 26.0
Compound No. 73 - 0.8 ppm¥ 45.2 27.8 2k, 7 - 27.1 26.2
Compound No. 73 - 1.6 ppm  31.8 36.2 28.0 28.5 25.1 27.8
Compound No. 73 - 3.2 ppm  39.1 32.8 37.1 26.6 4o.7 32.2

%#So01lubilized in methyl alcohol



The water chemistry data, taken only at "0" and 0+9 days
did not reveal any significant patterns of deviation of

test vessels from the control values (Appendix B). The

temperature dropped 4°C during the nine-day test period.
The pH varied from a low of 8.4 in the lake to a high of
9.2 in the 1.6 ppm test chamber at 0+9 days.

Diamond Lake - First Test

After some rather extensive 1lnvestigations, Diamond Lake,
a high altitude lake located inland about 60 miles south-
east of Eugene, Oregon, was selected as the west coast
test site (Figure 9). Dr. Howard Horton of the Department
of Fisheries and Wildlife, Oregon State University, served
as the area investigator for the project.

Diamond Lake is a resort area, famous for trout fishing

and both summer and winter sports. The Diamond Lake Lodge
campgrounds and numerous summer homes surrounding the Lake
contribute nutrients into the lake via ground seepage from
septic tank leach lines. In recent years, over-~eutrophicatlon
of the lake has resulted in troublesome algal blooms.

The specific location of the test site was on the northeast
end of the Lake, several hundred feet offshore from the
forest guard station at point "B" (Figure 10).

The first test was begun on August 26, 1973. About one

hour before sundown, samples were taken from the lake and
from each test vessel, before treatment, to furnish a bvase-
line for the water chemistry data and existing algal popula-
tions. The test compound primary concentrates were then
added to the appropriate test chambers at initlal concentra-
tions ranging from O.4 to 3.2 ppm. Samples were then taken
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Figure 9. Oregon Test Site
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from each station for compound analysis, quick frozen, and
reserved for shipment to Midland.

The weather was calm and clement and - the prognosls was
for continued good weather. However, a severe storm at
0+5 days upset the system sufficiently to rupture some of
the test bags and invalidate any further test data.

The water samples sent via air frelght from the Oregon site
to Midland for analysis arrived in poor condition after being
in transit for four days. No reasonable pattern of compound
residual could be discerned (Table 20).

The algal data received from Diamond Lake indicated the
presence of Anabaena as the most abundant algal species.

Up to 98 percent control of Anabaena was achieved at 043

days down to the 0.4 ppm level. Nearly 100 percent control
was achieved at all other concentrations as early as the
first day after treatment. Control was still at the 98
percent level at 0+3 days before the test was disrupted by
inclement weather. No significant return of Anabaena was
noted during this time in any of the test chambers (Table 21).

The test compound seemed to be selective for Anabaena, the
dominant algal specles, although an algaestatic effect was
evident against Stephanodiscus and Synedra at the 0+2 and

0+3 day periods (Table 22). No other algal species monitored
seemed to be adversely affected (Appendix B).

The fluorometric readings taken on samples from each station
corresponded falrly well with the decline in blue-green algal
population. Also, a good correlation was achileved between
the relative intensity readings of acetone-extracted samples
and the raw samples (Table 23).
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Sample

TABLE 20

Diamond Lake ~ First Test

COMPOUND DEPLETION PATTERNS
values in ppm

Ambient Lake Water

Control Vessel No. 1

Compound No.
Compound No.
Compound No.
Compound No.

Compound No.

*Solubilized

73
73
T3
T3
73

in

0.4 ppm
0.8 pfm
0.8 ppm*
1.6 ppm

3.2 ppm

0-days 0+l day Q+2 days 0+3 days
<0.1 <0.1 <0.1 <0.1
<0.1 <0.1 <0.1 <0,1
0.67 0.65 0.05 0.0
0.30 0.57 0.0 0,0

1.07 1.13 0.24 0.13
0.22 0.75 0.20 0.05

methyl slcochol
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TABLE 21

Diamond lLake ~ First Test
BLUE-GREEN ALGA  Anabaena

(cells/ml)

_Sample O-days O+l day
Ambient Lake Water Lo7T LL8Y
Control Vessel No. 1 Laiky 5984
Compound No. 73 - 0.4 ppm 4336 2189
Compound No. 73 - 0.8 ppm 5198 0
Compound No. T3 - 0.8 ppm* 5287 21
Compound No. 73 - 1.6 ppm 4396 36
Compound No. 73 - 3.2 ppm 3416 42

#Solubilized in methyl alcohol
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0+2 days 0+3 days

3370 2L05
3207 3312
238 76

89 k2

0 31

Th 2k

0 29



TABLE 22

Diamond Lake -~ First Test
DIATOMS - Synedrs AND Stephanodiscus

(cells/m1)

Sample 0-days 0+1 day 0+2 days 0+3 days
Ambient Leke Water %Q% 'Jl%%?.- %.gﬁ{. _ﬁ_o_},_
Control Vessel No. 1 %ég _ggg- gg.a_g. ;5._3_6_1{:_
Compound No. T3 - 0.4 ppm l‘%;;’- %‘% ?_L_g:%, %8_2_
Compound No. 73 - 0.8 ppm 1—(5)6% ng %_6% g_hg.
Compound No. 73 - 0.8 ppm¥* l‘%—sg— 10 g 1-.2_6_73_ lﬁ_l%
Compound No. 73 - 1.6 ppm 1,?%1‘ %2% %% %)%
Compound No. 73 - 3.2 ppm %Li. l%g 11%7 %1;{_

%Solubilized in methyl alcohol

Synedra
Stephanodiscus
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TABLE 23

Diamond Leke - First Test
FLUOROMETRIC RELATIVE INTENSITY READINGS

Semple O-days 0+l day 0+2 days  0+3 days
Ambient Lake Water %.—gtg‘ g—% '8_':1'2' %
Control Vessel No. 1 %—% g—% %’%‘ %.%?-
Compound No. 73 - 0.4 ppm 8—',% gh;’ g—:(])% '(0%%
Compound No. 73 - 0.8 ppm %—gg g“_g% %_%g %_816:
Compound No. 73 - 0.8 ppm* g_.% 8:32 %%g- 889
Compound No. T3 - 1.6 ppm 8 £ g.go %%g_ 8:86
Compound No. 73 - 3.2 ppm 8_3%' g.gl 8_,_(0)% %-8—2-3-

#50lubilized in methyl alcohol

acetone extraction
rav samples

72



The chlorophyll "a" and carotenold patterns showed a general
decline with increasing time, as compared to the controls,

but were not always consistently reduced with increased
algaeclde concentration, as might have been expected (Table 24).

The temperature in the lake was 16°C at the start of the
test, gradually declining to 14°C at 043 days. The pH was
fairly stable in the 8.9 to 9.1 range. The conductivity

of the water did not vary significantly during the three-day
test period, but was fairly constant in the 44 to 46 micromhos/
cm range. Nelther the dissolved oxygen nor the total alka-
linity departed significantly from dally control values.

The dissolved oxygen increased from a low of 8.1 ppm at the
beginning to a high of 9.0 ppm at 0+3 days, primarily because
of temperature reduction and increased wind action (see
Appendix C).

Diamond Lake - Second Test

The seecond test at this site was initiated September 17, 1973,
following the same basic research plan. A bloom of Anabaena
was reported to be persisting, although somewhat reduced.

The weather was moderate and falrly calm, although the skies
were rather heavily clouded.

The test chambers were all anchored into place and filled with
ambient lake water by about 6 pm at which time the test com-
pound aliquots were administered to the respective 60 gallon
vessels to yield initial concentrations of 1.0, 0.2, 0.4,

0.8 and 1.6 ppm. One test bag contained only lake water to
serve as a comparative control. The lake itself served as a
second control.
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TABLE 2L

Diamond Lake -~ First Test
CHLOROPHYL "A"™ AND CAROTENOID LEVELS

(mg/m*)
Sample O-days 0+l day 0+2 days  0+3 days

Ambient Lake Water 11.k2 11.h2 11.h2 11.41

T3.04 T3.0% 73.09 "3.0h
Control Vessel No. 1 -gf%% l%f%% l;:gg lg:gi
Compound No. 73 - 0.4 ppm '%f%% ‘%ﬁ%% 8296 g:?;
Compound No, 73 - 0.8 ppm -%f%%' ‘%fg% g g é:gg
Compound No. 73 - 0.8 ppm* lg: % g:gg '%f%%‘ —%f%%
Compound No. 73 - 1.6 ppm -%f%%' Z:gg i:gg _§f%%
Compound No. 73 - 3.2 ppm lg:sg ‘gf%%' '%f%% é:gg

*Solubilized in methyl alcohol

Chlorophyl "A"

KEY: Carotenocids

T4



The next morning it was evident that a storm front was moving
in which increased in severity as the day progressed. The
0+1 day samples were collected in the afternoon with some
difficulty due to rain, wind, and high wave action. The
storm persisted and increased in severity throughout the
night and part of the next day, showing signs of clearing
toward evening. However, an examination of the test devices
during the afternoon sampling trip revealed that all of the
test bags were torn due to pressures caused by violent wave
action.

The next day the barometer was up, the weather was calm and
intermittently sunny again, and it appeared that the storm
front had moved beyond the local area. After some delibera~
tion the decislion was made to try to obtain new plastic

bags, double them on the flotation collars for added strength,
and put the test into operation again, with the hopes of
successfully completing the test and obtainlng the desired
data. The collars had to be cut down to adapt them to the
smaller-sized bags which were available. The compound con-
centrations had to be adjusted accordingly.

The tests were put into operation and the base-line samples
were taken as before, completing the last test just as night-
fall was approaching. Unfortunately, another storm front
moved into the area. But, the storm was less severe and

the double bags seemed to hold better.

The monitored initial concentrations agreed fairly well with
the calculated values except for samples from Vessel No. IV,
in which 1t appears that the 0O-day and the 0+l day samples

may have been inadvertently interposed. The compound concen-
trations in all test vessels had fallen bglow the 0.05 ppm
detection level at 0+3 days (Table 25) in accordance with pre-
viously determined patterns for Compound No. 73.
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Sample

TABLE 25

Diamond Lake - Second Test
COMPOUND CONCENTRATIONS

Ambient Lake Water

Compound No. 73
Compound No. T3
Compound No. T3
Compound No. 73

Compound No., 73

- 4.8 ppm
- 2.4 ppm
- 1.2 ppm

- 0.6 ppm

0.3 ppm

Ppm
O=day O+l day 0+2_days 0+3 days
0.05 - --* ——*
3.68 3.55 1.12 <0.05
2.2k 1.53 0.07 <0.05
1.07 - - -
0.15(7) 0.31(?2) <0.,05 <0.05
0.25 0.09 <0.05 <0.05
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The monitored algal populations, as reported by the Oregon
State University investigators, showed that Anabaena was
eliminated at all concentrations down to the 0.6 ppm level,
within one day after treatment. A fairly large population
returned at 0+2 days, however. It 1s believed that re-
inoculation may have occurred due to adverse weather con-
ditlons and accompanying heavy wave action on the lake
(Table 26). Control Vessel No. 1 and one other vessel

were lost early in the test period, as a result of the tur-
bulent weather.

The green alga Gloeocystis was not significantly affected at

any test compound cbncentration used (Table 27). It appears
that the desmid, Staurastrum may have been affected initially
since the cell count dropped to zero at 0+1 day in the 0.3 ppm
and 0.6 ppm vessels and that the vessels were then re-inoculated.

The cell count in the 4.8 ppm vessel was only partly reduced
however. A similar uncertainty exists with the activity of
Compound No. 73 against the diatom, Stephanodiscus (Table 28).

Whole Pond Test - North Texas Site

Small, whole ponds, located near Denton, Texas, were proposed
as test sites, 1n order to duplicate natural clrcumstances
as much as possilble.

Several 0.5 to 1.0 acre fishery ponds at the Lewlsville State
Fish Hatchery had been selected as the test sites of choice,
but no suitable blue-green blooms appeared and stabilized
during the summer or fall seasons, as had occurred in previous
years. Consequently, another pond with an existing bloom in
the same general vicinity was chosen. The 0.272-acre farm-
pond selected was about 30 miles Northwest of Denton, Texas,
(Figure 11) and contalned a heavy bloom of blue-green algae.

7



TABLE 26

Diemond Leke - Second Test
BLUE-GREEN ALGA Anabaena

(cells/ml)
Sample O-days 0+1 day 0+2 days 0+3 days
Ambient Lake Water 124 112 T2 2L
Control Vessel No. 1 108 68 - -
Compound No. 73 - 0.3 ppm 188 4o T2 68
Compound No. 73 - 0.6 ppm 148 0 ko 64
Compound No. 73 - 1.2 ppm 76 - - -
Compound No. 73 - 2.4 ppm n - 6k 104
Compound No. T3 - 4.8 ppm 112 0 0 6k
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TABLE 27

Diamond Leke -~ Second Test
GREEN AILGA - Gloeocystis

(cells/ml)

Sample 0-days 0+1 day 0+2 days 0+3 days
Ambient Lake Water Lo 20 40 52
Control Vessel No. 1 48 0 — -
Compound No. 73 ~ 0.3 ppm 48 8 4o 32
Compound No. 73 - 0.6 ppm 58 56 36 L8
Compound No. 73 - 1.2 ppm 16 - - -
Compound No. 73 - 2.4 ppm Ly - 28 32
Compound No. 73 - 4.8 ppm 28 Ly 36 80
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TABLE 28

Diamond Leke - Second Test

Staurastrum AND Stephanodiscus

cells/ml)
Semples O=-days 0+1 day 0+2 days 0+3 days
Ambient Lake Water ﬂ%% E%%- 3%% -H%
Control Vessel No. 1 —g% EE% - -
Compound No. 73 - 0.3 ppm ig% 55% Blg 3%%
Compound No. 73 - 0.6 ppm 5%% iﬂg' 252 3%%
Compound No. T3 - 1.2 ppm 55% —-— - -_
Compound No. 73 - 2.4 ppm E%% _— g%% 3%%
Compound No. 73 - 4.8 ppm i%g¥ T%%* 57%* 5%%}

¥Some cells showing signs of degeneration

Staurastrum
Stephanodiscus

KEY:

80



Guﬂdhe'd

Thet
Car

My
)
ectra

L2
Floubke de

Wichita Falls;

253 '),0&

)

=g
tows
P!

egargel

U
231
Jean

fal 1769) Lowi

|

weastie 13

South Bend
Ellnvm, Toi
el =
2 L
van

(S
~

nr
15 )

N
o

Eastiand G571
re

Carbon

whad

) Gorman

Ohra /D/ Rucker
~ " Dustern 26 (%)
Gy Siee Sers.

&

o

4

9

Sldﬂly
\Comanche N
67
pens ()
lanket

[H
1) \

’hyl ki)

i [ 1)

4 {8,
4

Mullin

573)
7/

3

e
h Goldthwaite Y

Olney — — — — {1
Markley

5
Y

] Desdemona,

.
+ L7
i

Mercers.
'Gap

M- —"

MOCrag

N
~,

Figure 11.

ashings

Ringhng|

Waurika! 87

-
Cornish

Grao
32 i

thllnd

hual 0*-

é‘

Belcher-
ville

ke

Henrietta ,|.
w15 Ringgold
[ 81

Stone -
) burg

A 4 .
Nncnna

R

m.':;%
1806

82

(3
7
Bellevue "
Vashy, (e G
Bowie

sa, D

— W
D)

-
Butalo Sprs. 24

Newport

! snanron
—(175]
‘Antelope

Fruitiand

l@ Sunset

o —
Iiié

1475}

’51 | Post-
G 5
3¢

>
& osk Pari Sprs.

|
|

Cundif i
92 01
1

' .
Bridgeport .-
earacr
1 6xm
ot Boansvitle

&)

*
ng

i Chico |
22
9
t |jermyn
Qs

148]
11

s
Jackshoro -

28

b
N

~ Bryson
%

Perrin
— el
Poolvilie

Whitt

* Spring
320) town/lo
Peaster(SL

2

42

. 1S
,le:;'leral b
) . ells
Pinto

21

3 TE0 G2

B
= v:’d

k1)
Milisap
Brack

1543

s ' -

1

)

4} Brazos

F

Dennis
Santo . B!

Gordon.
90

281

* | 171

= —, — )= <

Lipan
Thorp W; Cresson ;

NS W2

o
Granbu
Tolar

193 "

o’

Morgan

2 Ml

e .

-

o

1188
a

. (201
N Biuf{ Date

108;

16 | Huckabay

Palyxy ¢ f
e

* Mg
-/ Stephenvilie \
30

G
A N
P

A)
ubllll AT LA // =

LT 7T ek Meonider S 220 walnut Sprs. K

7
\ irqoell

Hn&) * N
162)

> Otin 19
2

7
uled Clarerie \> (3D N
P C i
/ o PR <) 24 "N}

L) C-m?m\ Meridan §

A

Lzmkm Fairy

Gushne

> \ani'lls
L 1
281 Gap

P »
Eregyd / 36
il
Hamllton
1702
26_(Gu
Poftsville]

18|

N Clitto
oy Lanham

A 218
&3

~
187

o“"‘
EZ3
5| 2 coryell
(O

3
?riddy A
\ Y,
G.""
\ Gy
Ci 'ld}n
25
s\
i

b
Iretang
o
PR )
B Ay ]

.
dp e
Purmela
Evant

3

Peari Je

\
\

Adamsville

572
Moline

-
/ COI
Y
lzoro
16%0) 1o,
Lometa
Rumely /" i3
2>
Bend | 4K

__ Lampasas X

-

Conim Cove
*

190
= 1

-

89)

Saint Jo
59

Malisrd

Farestburg

=\ Avild

130)
) A
4/Boyd

W pedard

Azle
|

Weatherford |

) e |

£1 670 F1 53

g

Acton
‘ Adea

23 Glen Rosé
~

Mendian 5
e

«f Gatesville

Killeen - -
y7 e

79 " Kempner k Nolanvilie

Northern Texas Test Site

Ty ——

lrdmorﬂ

2) Lone
Grove

W

70
Wison |
6]

Russatl
Manns: '
e o

Madilt
49,

9y) L(l:lllt
—_Ca
T
Overbrook A 8rown

7]
psion]w

Poters -
burg

Mess

Rubottom ’ )

Ihnais
Bend

32

[’ Lake Cartwright
Tuomn’
el

7 !
bsef® K
Sherman

: . s,
@ Bulche! yp achervilte
68

Bonra (i)
Kin

2D
wot®

Ma e

‘e Calbis-

urg

Sagler
hiteshora

siet
Lindsa

Gl

N 12

(U}

South -

My
o mayd

{Praine

1o,k 2
-YGainesville [my
i

Cothnis ¥
V|I|e

4

[ Priot (422
39) Point An

Celina W* Melissa

fi7v),

Dorchester 10
21)

ston

D

Gree
wood

(”Gum
Tioga 121,
- —VanAlstyne Es
Slideit Sa“'er
- AT
P Tk Denton
Catlr Texe. Wi Ve i

os e Colff 3¢

Jor largyie
1 Dallas’

81

Prosper
7)

12

iy
McKinney:
@)
o B fOnite
2

28y & '\;f' *'

39 Renner
- —

07
QD

©
&

isi
Juslm o
Rhome
1
114 g
-\ Haslet
[l

ey Res.

~
!

Lewisyille
f_Roanoki

- d

*

son
Nap / Carrg -

123

~ -
Tapryinea
""lnl 114
182 p it -

(£

A -
T A [y *
R\’ Hurst’”

{3
Gl e

’ 7

Wi

I}ga.‘ 5

Ilﬂ

Ado ) 820 Qe Gun

' 147 Prairie .k
287
- M_g_nsield B

X2 Midlothian
Y @l

%Venus

o

ort Wo
342} — NEerri

Red Oak 60,

eene .
75

Cleburne /72
eburne G
24 el
(5D
Clobusne
Rio Vists

v
L

‘Ti7d

Fatil)
Bardwell

an W

ngton
it
M’moomml

Aittorg: “G'OVS 175
Meriens 4 N B

()
Blum
3

Kopperi| | Muron
~

%
) 171
Frost
* Brandon ¥
1946 A\
Irm\l

Dawson

_ o
Hillsboro XS
Peoria {37

Whitney
833
Whot )
1304
Aquilla-

Morgan\, Z.
BANN  Whitey

4

e Gy

Bynbm (304

124)Malone
Abbott

"y Hnbhnrd G
!nmn:t

Laguna y
lope,
-

Womack v
(qD .{‘
Wast/Mount COO

34 “'Y Y
{84 i teroy < Q)
Prairie Hill

n nd

b

Coyote

5%
Valley”
| Mills
7).
Yu@mm
31

233, i
ac?'
7if very

84
)

4‘ @i
& El.u27 Ft (339
Waco
’ s> 4
[More oelar
L

Eim Mott
Lacy-Lakeview I

2 -
(O *
{\ Crawford 19

LD \ B4 Hewitt

McGregor
2 Ogleshy wa Lorena
107

N 40
339
Osage
N

-

Dl
Rues/el \
Ofto

1240,

Perry

\

28 M) (335 ’6
McChnah-n

\Robinson ¢!
e 7

7
Moores-
~ wille |
13

e
Golinda '~
2 Markin

& [716% HuMmﬂl >
‘ cnmon ~ Webs (113 2 \
& uelll" -

Bmcmlh

g Lott

o\Travis
&

L High-<
mnk
(15 / .
‘/

Westpn,,
¢ ]
emple

n;a_F«,\
5 Yo

113136 £
)

53]
)

2%y /2, ,Rosebud

&

B

nheimer

Howe [I° ym\t"' W

18] Rockyail
75 v

7y
Mestuite

Al I'n:;/
Gardweli- RICE
puatonDeme use 1 H

® )

Fon Batier &
Mart) fon Perir 5 4

roesbeck %
L

‘olsom

T4]

Calera

Dom
£ Dithplace Tetephone
Denison
59

&

Bells

Tom
Bean

fin
CanAon

estrhuRteT

121

g

19 Durant Ju

Achille

Wmbrose

Al

160]\'2

"545] Bive

Redge

A gichard-/Z wyl
Richard r 7

<
Forne:

Rosser (34

Bristo!
Crisp,

Pyrdon

Princeton
23/

Farmersvilie
Lavon

Copevilie
Res

&rﬂ Nevads (ol

Lavorkiey
oyse
"y

allas

ok fisi2F

Crandatll

EN { ag vl
A7 | -
By, = = Ly
L'“,f tler % Wilmer | 168

o

. Pi“;':’" 274
Ennis '
D' “

~
19

%,

3 Richiand

G'«’

{7 ,,w:mham

] Mexia w)
"\ I

¥

% oo

Kosse

J Bremond

16

Personvilse'

12
9,

1246
Aton

-

PG

e rptitl e
*

i)

<2 Chishalm
halm __

wﬁ

|

Caddo

Armstiong  govc™?  Boswett (7
yre uUngg

e Bennungton

J
/L

Yuba -
Direct

41

carmad . T pomete®”

Ivanhoe

1753

ROVES s e

Savay L. ecd
Iz “ °d v

Ector

El Ben
i Gober Frankli
i Y i
Baiey () o LT
2
Wolle™ ado,,,a
£ 2\ Kigno
i2ay v
14 f7

s

itne,

enlph

695615 99,
Celeste Farhe

mpomngru

!
I

LD
l(mgslnn
1

(D)
o)

50
Mertt ,
Camppell (7"

<

Greenwlle‘

o (;},.
Lone!
Olkl

&
nt

Floyd
l e
DL %R
N, A
2ddo Mills
Cash
67
Umign Vailey
35
o Qumlan

1)

J—
— (a6 [34; M
205 £l 530 Fed

1
Terrall i

[Im;u
27
s/ Kaiiman |
aufman s
28l 743
& Canto
wise
| (DAL ol Bey
125

T
Scurty \ prgirievilie !
D B\ kemp
CHW, L)
3 Ma_bank I
3 Foitsce
<o Y

H}E

Chatheid

*
{ Malakott

1
Kerens y
Trinidad (&

! 37
s Pawel!
orsicana 38
£1 o8 Ft. N
D, d
Navarro 25 <
€
2, 7, < Winkler
Streetman

t"’ oD

)

Yennes:

246 Colon|

Kirvin, D
\\ Fanrheld

[y
E 23
)

1
\\ , &l
79 ) Dew
Free-
stone
Donie
17 .~
~

ﬁllu't Oakwo
EL) \\ ;
4
N\ 9// D
ABuffalo
juil

164] #
Farrar \
‘€
rd
Oleﬂn/
e

M

kS

Ridge

Easterly

Franklin),

el

A
New
Baden

81



The pond 1s somewhat lower than the rest of the terrain and
protected by surrounding trees. Dr. Dwain Vance of North
Texas State University served as area investigator, assisted
by several of his graduate students. |

The primary concentrate for the test was made up on the site
by combining 332 grams of Compound No. 73 with 300 gallons of
water 1n a commercial sprayer and agltating continuously for
several hours while the 60-gallon control vessels and accom-
panying flotation devices were being prepared.

Two 60-gallon plastic bags were filled with ambient lake
water, one to be used as a control and the other for a
bilological control test, utilizing the phagocytic organism,
Ochromonas ovalis. Before spraying the primary test compound

concentrate onto the pond's surface water samples were taken
for algal background data, and the control bags were covered
wlth plastlc to prevent mixing of the algaecide with the
controls. The compound concentrate was sprayed onto the sur-
face of the water from a boat as well as from shore to give
an even spread and full coverage. The pond was treated with
a calculated 1.0 ppm concentration of test compound No. T73.
Application of the test compound was completed as the sun was
low in the horizon to minimlze the possibillity of photodecom-
position. |

Several post-treatment water samples were taken at varilous
points on the pond and then combined to produce representative'
samples. These were then quick-frozen and stored until ready
for shipment together with all other samples which were col-
lected up to 043 days; these were then sent alr freight to
Dow's analytlcal lab at Midland for analysis as before.
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The analytical data obtained showed an initial concentration
of 0.42 ppm, less than one-half of the calculated value,
immediately following treatment. Rapid adsorption, due to
the high amount of biomass and possible compound biodegra-

dation may have been responsible for the low initial levels
detected.

A heavy storm moved into the area on the evening of the
first day after treatment, during which time three~inches of
rainfall was recorded. The water analysis data showed the
compound concentration i1n the pond at this time to have
dropped below the 0.05 ppm detection 1limit. None of the
control samples or subsequent pond samples registered any
detectable amounts of the test compound (Table 29).

The algal densities in the test pond, as determined by the-
University investigators, were very high, ranging up to
250,000 cells/ml in the case of Agmenellum gquadruplicatum

the dominant species. Microcystis and Oscillatoria ranged from

10 to 60,0000 cells/ml; Anabaena was also present to a lesser
extent.

The results of the whole-pond test were not entirely con-
clusive. Although the test compound level at 0+1 day fell
below the 0.05 ppm detection limit, Oscillatoria in the pond
was reduced to "0" count from 0+l day through the end of the
17-day test period. However, Oscillatoria cell counts were
noted, intermittently, in only one of the control vessels
during this same period. Agmenellum guadruplicatum counts
showed a marked reductilon from an initial count of 250,000
cells/ml to 17,000 cells/ml at O+17 days, but no Agmenellum
cells were found in samples taken from the control chambers
after the first day (Table 30).
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TABLE 29

North Texas Test Site

MONITCRED TEST CCMPOUND LEVELS
Compound No. T3

(ppm)
Sample O-day 0+l day 0+2 deys 0+3 days 0+6 days 0+17 days
Pond* 0.h2 <0,005 <0.005 <0.005 <0.005 <0.005
Control Vessel No. 1 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Control Vessel No. 2 <0,005 <0.005 <0.005 <0.005 <0.005 <0.005

#Tnitial calculated concentration = 1.0 ppm
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TABLE 30

North Texas - Whole Pond Test

Oscillatoris AND enellum
(cells/ml x 10

Sample O-day 0+l day O+2 days O+3 days 0+6 days 0+17 days
. 60 0 0 0 0 0
* —_— — —_— — — —
Ambient Pond Water 550 T2 111 131 50 17
60 L 0 0 p] -
Control Vessel No. 1 550 5 0 0 0 -
60 0 0 0 0 -
Control Vessel No. 2 550 ) 0 0 0 —

*¥Treated at 1.0 ppm

Oscillatoria
Agmenellum

KEY:



Microcystis cell counts in the pond varied greatly, from
10,000 cells/ml initially to a maximum 150,000 cells/ml
at 0+1 day, to "0" from O+6 days on to the end of the 17-
day test perlod. At the same time, the controls dropped
from 10,000 cells/ml to "0O" at 0+2 days, with no return
of this specles (Figure 12). No Anabaena cells were
detected after the first day following treatment, until
the last samples collected at 0+17 days, in which a heavy
bloom of 200,000 cells/ml was found (Table 31).

This observed phenomena shows an apparent shift in bilological
equilibrium dyhamics due to competitlion reduction but it
causes difficulties in assessing the algaecidal activity

of Compound No. 73 in a whole pond. ‘

Due to the inconclusive results from the whole-pond test it
was especially desirable to conduct a second test of the

same type. But the season was already well advanced at

this time, and further attempts to find a suitabie pond with

a naturally occurring blue-green algal bloom was unsuccessful.

ALGAL CONTROL

As one of the primary obJectives of the Phase III effort
the algal control efflcacy of the prime candidate compounds
under natural "bloom" condltions was to be determined.

Data collected under widely varied conditions 1in geographically
diverse regions of the United States show a rather distinctive
pattern of selective blue-green algal control.

As may be seen by examinatlon of Table 32 and Table 33,

good control was exerted over most of the blue-green algae
by both test compounds used at each site, with the exception
of Microcystis incerta, and under certaln conditlons
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Whole-Pond Test - North Texas
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TABLE 31

North Texas - Whole Pond Test

Anabaens AND Microcystis
(cells/m1 x 10°)

Sample C-day 0+1 day 0+2 days 0+3 days 0+6 days 0+17 days

1 0 0 0 0 200

3 * — - —_ -~ p=0.04
Ambient Pond Water To o 150 ) 5 5
1 0 0 0 0 —

Control Vessel No. 1 1o 10 o 5 < —
1 0 0 0 o —

Control Vessel No. 2 10 < -5 5 5 —=

#Treated at 1.0 ppm

Anabaena
KEY ; Microcystis
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Speciles

PHASE III FIELD TEST RESULTS

TABLE 32

Algal Control - Compound No. 73

Chowan River

Sallile

Muskrat

BLUE-GREENS

Anabaena
Microcystis spp.
M. cyanea

M. incerta
Agmenellum
Osclllatoria
Coelosphaerium
Raphidiopsis
Aphanizomenon

GREENS

Gloeocystis
Oocystis

DIATOMS

Staurastrum -
Fragillaria
Synedra
Stephanodiscus

KEY: 1
2

3

I 1 HWWH N

HFMPoPpW I IUJ';

w

P twi

good control (80-100%)
moderate control (40-80%)
little or no control (0-40%)

Diamond Lake Slidell Pond

NOTE:

*population return observed before end of test period

LY =
*

LI I B S B N

w
{

[V \C I B VA
[ I I |

double listings 1is indiec-
ative of varied results
between the first and
second tests
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Species_

PHASE III FIELD TEST RESULTS
Algal Control - Compound No.

N. Carolina

TABLE 33

Minnesota

23

Cregon

N. Texas

Chowan River

Sallie & Muskrat

Diamond Lake

Slidell Pond

BLUE-GREENS

Anabaena
Microcystis spp.
M. cyanea

M. incerta
Agmenellum
Oscillatoria
Aphanizomenon

GREENS

Gloeocystis
Qocystis

DIATOMS

Staurastrum
Fragillaria
Synedra
Stephanodiscus

KEY: 1
2

3

¥population return observed later in test period

1%

W N -

good control (80-100%)
moderate control (40-80%)
1little or no control (0-L10%)

w

w



Oscillatoria, Coelosphaerium, and Agmenellum quadruplicatum.
Since variable results were obtalned on the control of these
latter four specles, 1t is suggested that thls may have been
due to a difference in algal strains, which were not differ-
entiated by the universlty investigators in the reported data.
Those results which were somewhat inconclusive, from the
avallable experimental evidence, are indicated with a question
mark. Population returns of Anébaena were noted in a number
of cases, but it 1s possible that thils may have been due to
re-contamlnation of the vest vessels during turbulent weather
conditions. . Good control of Microcystis, as well as Anabaena
was achieved at all sites except in Minnesota. Raphildiopsils
and Aphanizomenon were controlled well by both test compounds
at each site where these species were found to be present at
the time of treatment.

In no case was elther the green algae or dlatoms affected
significantly by either test Compound No. 23 or No. 73, thus
verifying the algal control specificity of the algaecides in
question.

TOXICOLOGY

Candidate test compound No. 23 and No. 73 were submitted
“to Dow's Waste Control Group for preliminary ranging, and
subsequent full-scale toxicity tests.

The preliminary ranging tests on Compound No. 23 indicated

a fish toxicity level which was too high to allow 1ts continued
consideration for use as an algaecide where it would be
administered directly to natural water supplies. One hundred
percent kills were noted at concentrations down to 0.1 ppm,
with a partial kill at 0.065 ppm within the first 24 hours
(Table 34). Consequently, Compound No. 23 was withdrawn from
the 1ist of candidate test compounds.
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TABLE 34
FISH TOXICITY TESTS - BLUE GILLS

Compound No. 23
2,5=-Dichloro-3,4=-dinitrothiophene

24-Hour
Concentration Toxlcity Effect
0.8 ppm 100% kill
0.1 ppm 100% kill
0.065 ppm partial kill
0.037 ppm no kill
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Compound No. 73, as tested against both blue gills and
ralnbow trout, proved to be safe to fish 1life when used in
the recommended ranges below 10 ppm. The highest toxiclity
on blue gills was reported from the 48-hour test, where

the lethal concentration to 90 percent of the fish (LCso)
showed an average value of 177 ppm (Table 35 and Figure 13).
The minimum average lethal concentration to 90 percent of
the rainbow trout (LCse) was 209 ppm at 72 hours (Table 36).

LABORATORY SCREENING

A continuing portion of the algaecide development program
included routine testing of additional compounds.

During Phase III 70 new compounds were tested for algaecidal
activity by the previously established primary screening

test procedures. Some of these were re-tests on a few of

the more promising Phase II compounds, with new formulations.
All were tested against Anabaena flos-aquae at 0.8 ppm.

Eight were tested at higher and lower concentrations, ranging
from 1.6 ppm down to 0.2 ppm (Table 37). Three were subjected
to tests agalnst both Microcystis aeruginosa and Anabaena flos-
aquae for greater sensitivity delineation (Table 38).

Five of these compounds tested exceeded the 90 percent control
level against Anabaena within the four-day test period. Only
two: No. 136, 2,2'-(1,2-Ethylenediyl)bisbenzoxazole and

No. 176, 1,2-Dichloro-i-(isothlocyanatomethoxy)benzene were
considered to be of continuing interest when other known
factors such as compound instability, toxiclity potentlal,
manufacturing difficulties, and economics were taken into

consideration.

Compound No. 136 showed 91 percent activity against Anabaena
at the 0.8 ppm level and exhibited 94 percent control of
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TABLE 35

FISH TOXICITY TESTS - BLUE GILLS

Compound No. 73
p-Chlorophenyl-2-thienyl iodonium chloride

24 HOUR TLM¥*, ppm

48 HOUR TLM*, ppm

Range Average Range Average
Tgst Lower Limit Upper Limit Values Test Lower Limit Upper Limit Values
LCio 61 180 105 LCio 72 141 101
LCso 140 172 155 LCso 124 145 134
LCso 131 389 226 LCso 126 2L8 177

72 HOUR TLM¥*, ppm 96 HOUR TLM¥*, ppm

Range Average Range Average
Test Lower Limit Upper Limit Values Test Lower Limit Upper Limit Values
LCio 35 165 76 LCio 45 137 78
LCso 107 137 121 LCso 85 ‘ 155 115

*Tolerance Limit with 95% confidence limits



Concentration Ranges (ppm)

400

300

200

100

Figure 13.

Fish Toxiclty Tests - Blue-Gills
Test Compound No. 73 - 48 hour TLM

1 ] i L - '] 1 1 1

10 20 30 40 50 60 70 80 90
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Test

LCao
LCso
LCBO

Test

LC;o
LCso
LCso

TABLE 36

FISH TOXICITY TESTS - RAINBOW TROUT

Compound No. 73

p-Chlorophenyl-2-thienyl iodonium chloride

24 HOUR TLM¥, ppm

Range Average
Lower Limlt Upper Limit Values
123 176 147
176 194 185
193 277 231
72 HOUR TLM¥*, ppm
Range _ Average
Lower Limit Upper Limit Values
96 178 131
161 180 170
154 284 209

#Tolerance Limit with 95% confidence limits

48 HOUR TLM*, ppm

Range Average
Test Lower Limit 7Upper Limit Values
LCyo 105 178 137
LCso 170 191 180
LCso 182 307 236
96 HOUR TLM¥*, ppm
_ Range 1v, Average
Test Lower Limit Upper Limit Values
LCio0 39 245 98
LCso 140 171 155
LCso 98 615 246
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TABLE 37

LABORATORY SCREENING TESTS

Test Compound versus Anabaena flos-aquae
values in ppm

Serial Activity at Varlous Concentrations
Number Name of Compound 1.6 0.8 0.4 0.2

74 (p-Bromophenyl)-2~thienyl 100 95 59 -
lodonium chlorilde

78 2-Thienyl-p-tolyliodonium 94 65 48 --
chloride

82 (o-Chlorophenyl)=2-thienyl 95 9l 92 -
iodonium chloride

96 2,5-Dibromo-3, 4-dinitro- 100 100 95 -
thiophene

98 Tetrachlorothiophene 23 23 14 -

121 N'-(3-(1,1-Dimethylethyl)-i~ - 9 - -
nitrophenyl)-N ,N-dimethyl urea

124 N-(4-Butyl-2-nitrophenyl)- - 0 - -
acetamide . .

126 7,8-Dihydro-~-6H-pyrrolo(1l,2-e) - 0 - -
purin-4-01

127 2-Tert-butyl-4-nitrophenol - 12 - -

136 2,2'-(1,2-Ethenediyl)bisbenzoxa~ 100 91 68 41
zole

146 5-Butyl-2-methyl-l1H-benzi- - 0 - -

midazole
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TABLE 37 continued
Serial
Number Name of Compound

147 Pentachlorophenol, compound
with 2-(2,4,5-Trichlorophen-~
oXy)ethanamine (1:1)

148 N*—(4-((6~Chloro-t-tri-
fluoromethyl)-2-pyridinyl)
0Xxy)-N,N-dimethyl urea

149 5-Nitro-2-thiophene-
carboxaldehyde, oxime

150 N-(4-((6~-Chloro~-2-pyridinyl)
oxy)phenyl) acetamide

151 N-(U4-((6=-Chloro-2-pyridinyl)
oxy)phenyl)-N'-methyl urea

152 N*—(4-((2,6-Dichloro-4-
pyridinyl)oxy)phenyl)-N,N-
dimethyl urea

153 2,5-Bis((4-methylphenyl)
sulfonyl)-3,4~-dinitro-
thiophene

154 N-(3-Chlorophenyl)-2-
isoxazolidinecarboxamide

155 N-(4-Chlorophenyl)-2-
isoxazolidinecarboxamide

156 3-(Acetyloxy)-U4-bromo-
butanoic acid, methyl ester

157 N'-(4-Acetylphenyl)-N,N-

dimethyl urea

Activity at Various Concentrations

1.6

0.8

0.4

0

18

0.2
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TABLE 37 continued

Serial
Number Name of Compound

158 N,N-Dimethyl-N'-(U4-((6-
(methylthio)-2-pyridinyl)-
oxy )phenyl) urea

159 Nt-(4-((6-Chloro-2-pyridinyl)
oxy )phenyl)-N,N-diethyl urea

160 2—(2,M—Dicﬁlorophenoxy)—
3-nitropyridine

161 Tris(dimethylamino) (hydroxy-
phenyl=methyl) phosphonium,
hydroxide, inner salt

162 N'—-(4-((6-Chloro-2-pyrazinyl)
oxy)phenyl)-N,N-dimethyl urea

163 N'=(l4~((3-Chloro-2-pyridinyl)
oxy)phenyl)-N,N-dimethyl urea

164 N'-(4-Ethylphenyl)-N,N-
dimethyl urea

165 N'-(U4=((3,5-Dichloro-2-
pyridinyl)oxy)phenyl)~N,N-
dimethyl urea

166 4-Amino-6-~(1,1-dimethyl=ethyl)-
3-(methylthio)-1,2,U4-triazin-
5(4H)=-one

167 1H-Imidazol-2-ylphenyl-
diazene

168 2-Chloro-6-(4-methoxy-

phenoxy) pyridine

Activity at Various Concentrations
0.2

1.6

0.8

0.4

0

10

13
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TABLE 37 continued

Serial Activity at Various Concentrations
Number Name of Compound 1.6 0.8 0.4 0.2
169 N'-(4-(2,6~-dinitro-U- - 0 - -

(trifluoromethyl)phenoxy)=
phenyl)-N,N-dimethyl urea

170 2-(4-Chlorophenyl)-2,3,5,6- - 14 - -
tetrahydroimidazo(2,1-b)~
thiazole, monohydrochloride

171 2,3,5,6-Tetrahydro-2-(2- - 0 - -
naphthalenyl)-imidazo(2,1-b),
monohydrochloride

172 2-Hydroxy-N-phenyl-3- - Y — -

pyridinecarboxamide

173 N'-(3-Chlorophenyl-N-methoxy- - 0 - -
N-methyl urea

176 . 1,2-Dichloro-4-(isothiocyanato~ - 97 - -
methoxy) benzene

177 1-(2,4,5-Trichlorophenoxy )= - 65 - _—
thiocyanic acid, ethyl ester

178 2-((2-(Dimethylamino)ethyl) - 0 _ _—
amino)3,l4-dihydro-1(2H)-
isoquinclinone, dihydrochloride

179 2-Phenyl-5H-(1,2,4)triazolo- - 0 - -
(1,5-b)isoindole

180 2-(3-Methylphenyl)-5H-(1,2,4)- — 0 - -
triazolo(l,5~-b)isoindole
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LADLE: 3 Cornviryiuea

Serial Activity at Various Concentrations
Number Name of Compound 1.6 0.8 0.4 0.2
- 182 ((4,5-Dimethoxy-1,2~-phenylene)- - 0 - . -

bis=(imino(thioxomethylene)))bis-
carbamic acid, dimethyl ester

183 3-(4-(1,1-dimethyl=ethyl)phenyl)- - 0 - -
2,3,5,6-tetrahydroimidazo(2,1-b)
thiazole

184 Phenyl-2-thienyl methanone, o- - 28 - -
((methyl=amino)carbonyl) oxime

185 Bis((1,1'-biphenyl)~-4~-y1)- - 0 - -
ethanedione

186 ((3,5-Dichloro-6-fluoro-2- - 65 - -

pyridinyl)oxy)methyl ester
thiocyanic acid

187 2-(4=(Ethoxyphenyl)2,3,5,6- - 5 - -
tetrahydroimidazo(2,1-b)thiazole,
monohydrochloride

188 N-(1-(4-Bromo-2,5-dichlorophenoxy)- - 0 - -
2,2,2-trichloroethyl) formamide

189 N'-(4-Ethyl-3-nitrophenyl)-N,N- - 3 - _—
dimethyl urea

190 4-((3,5,6-Trichloro-2-pyridinyl)- - 0 -- —
oxy)phenol)

191 Nf-(3-Chloro-4-((6-chloro-2- - 18 - -
pyridinyl)oxy)=phenyl)-N,N-
dimethyl urea

192 N'~(4-((2-Chloro-6-methyl-4- - 0 —— -

pyrimidinyl)=oxy)phenyl)-N,N-
dimethyl urea
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TABLE 37 continued

Serial Activity at Various Concentrations
Number Name of Compound 1.6 0.8 0.4
193 N'-(4-((6~-Chloro-2-pyridinyl)oxy)- - b1 -
ST 3-(trifluoromethyl)phenyl)-N, /N-
dimethyl urea
194 N,N=Dimethyl-N'-(4-( (6~ (trifluoro- - 61 -
methyl)-2-pyridinyl)thio)phenyl)
urea
195 N-(1-Methylethyl)-U4-phenoxy- . 0 -
benzenamine
196 N'-(4=((6=-Bromo-2-pyridinyl)thio) - 0 —_
phenyl)-N,N-dimethyl urea
197 1-(3,3-Dichloro-1l-methylenebutyl)- - 20 -
3,5-dlmethyl benzene
198 p-(p-Nitrophenylthio) phenol - 0 -
199 1-((L4~Nitrophenyl)methyl)piperidine - 0 -
200 (5-Chloro-2,4,dimethoxyphenyl) - - 0 —
carbamic acid, 2,4,5-trichloro-
phenyl ester
201 2,4-Dibromo-3-methyl-6-nitro- - 0 -
phenol
202 2,4-Dichloro~-3-methyl-6-nitro- - 0 -
phenol
203 N-Bromophenyl-2-chloro- - 0 -
acetamide
204 L-( (6-Fluoro~2-pyridinyl)=thio) - 0 -

phenol

0.2
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TABLE 37 continued

Serial
Number Name of Compound
205 1-Chloro-2-(methylsulfonyl)-
ethane
206 2,4,5-Trichloro-3-methyl-6-
nitrophenol

Activity at Various Concentratilons

1.6

0.8

0.4

0.2
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TABLE 38

LABORATORY SCREENING TESTS

Test Compounds versus Microcystis aeruginosa
values in ppm

Serilal Activity at Various Concentrations
Number Name of Compound 1.6 0.8 0.4 0.2
136 2,2'-(1,2-Ethenediyl)bisbenzoxazole 100 gl 94 87
192 N'=(4-((2-Chloro-6-methyl-4-pyri- - 53 - -

midinyl)=oxy)phenyl)-N,N-dimethyl urea

197 1-(3,3-Dichloro-1-methylenebutyl)-~ - 64 - -
3,5-dimethyl benzene



Microcystis down to 0.4 ppm. Compound No. 176 exhibited 97
percent control at the 0.8 ppm level when tested against
Anabaena.

Two commerclial algaecldes, copper sulphate and Cutrine
(copper sulphate with an ethanoclamine complexing agent)
were tested at a wide range of concentrations against both

target specles of algae to give a comparative base (Table 39
and Table 40),

Compound Activity as a Function of pH

A test seriles was run with compounds No. 23 and No. 73 at
0.8 ppm versus Microcystis aeruginosa at variable pH values
ranging from pH 6 to pH 9. Compound No. 23 showed a .
decreasling activity at pH values below 9.0. The activity
of Compound No. 73 however, exhibited no pH=-dependence 1in
the pH ranges and concentrations tested (Table 41).

Correlation of Compound Activity with Blomass

Because of the results of the whole-pond test in which the
blomass was very high, a laboratory test was designed to deter-
mine the relative effect of increasling algal population
densities on the algaecide activity of Compound No. 73. As
determined with doubling numbers of Anabaena cells, ranging
from approximately 0.5 x 10° cells/ml to 9.0 x 10° cells/ml
no significant reduction in algaecidal activity was noted,
except at the highest algal density used. At this density,
9 to 10 million cells/ml, only 84 percent control was found
compared to 100 percent control exhibited by each of the
others (Table U2 ). Up to a relatively dense culture, there
appears to be no relationship between culture denslty and
algaecidal effectiveness.
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TABLE 39

ALGAECIDAL ACTIVITY OF CuSO4*5H.0 AGAINST TWO SPECIES OF BLUE-GREEN ALGAE
Three-Day Test

Anabaena flos-aguae Microcystis aeruginosa
Initial Final Initial Final
Concentration Relative Relative Percent Relative Relative Percent
ppm Intensity Intensity Control Intensity Intensity Control
1.0 0.18 0.07 87 0.21 0.02 100
0.8 0.18 0.08 86 0.21 0.04 91
0.6 0.18 0.11 80 0.21 0.05 90
0.4 0.18 0.49 16 0.21 0.15 66
0.2 0.18 0.60 0 0.21 0.41 0
Control No. 1 0.18 0.56 -— 0.21 0.44 -

Control No. 2 0.18 0.55 - 0.21 0.43 _—
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TABLE 40

ALGAECIDAL ACTIVITY OF CUTRINE AGAINST TWO SPECIES OF BLUE-GREEN ALGAE
Three-Day Test

Anabaena flos-aguae Microcystis aeruginosa
Initial Final Initial Filnal
Concentration Relative Relative Percent Relative Relative Percent
ppm Intensity Intensity Control Intensity Intensity Control
4,0 0.18 0.03 95 0.21 0.35 92
3.0 0.18 0.08 85 0.21 0.37 91
2.0 0.18 0.17 70 0.21 0.82 81
1.0 0.18 0.56 0 0.21 0.36 17
0.5 0.18 0.53 0 0.21 0.43 0
Control No. 1 0.18 0.56 - 0.21 0.44 -

Control No. 2 0.18 0.55 - 0.21 0.43 —



TABLE 41

pH SENSITIVITY TESTS ON COMPOUNDS NO. 23
(2,5-DICHLORO-3,4~-DINITROTHIOPHENE) AND NO. 73 (P~
CHLOROPHENYL-2-THIENYL IODONIUM CHLORIDE) AGAINST Microcystis

Test Compound Concentration - 0.8 ppm

Initial Pinal
Serial Number Relative Relative Percent
and pH Value Intensity Intensity Control
pH 6 control .20 44
pH 7 control .20 .51
23 - pH 8 .20 LTS 95
pH 8 control .20 .65
23 - pH 9 .20 .036 100
pH 9 control .20 .60
73 - pH 6 .20 .015 100
pH 6 control .20 .53
73 - pH 7 .20 .016 100
pH 7 control .20 .61
73 - pH 8 .20 .022
pH 8 control .20 .58 100
73 - pH 9 .20 . 019
pH 9 control .20 .60 100
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ALGAECIDAL ACTIVITY -~ BIOMASS DEPENDENCE
versus
Anabaena flos-aguae @ 1.6 ppm

Test Vessel

TABLE 42

Time & Relatlve Intensities

I
I-Control

II
II~-Control

IIT
III-Control

Iv
IV=-Control

\'J
V-Control

VI
VI-Control

* Residual R.I.
¥¥No living cells microscopically detectable

Initial R.I.
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0.12

0.06
0.06

0.32
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BIOLOGICAL CONTROL SYSTEMS

Compound Activity Enhancement

During the course of Phase I investigations, a bi-flagellated,
yellowish-pigmented algal organism, identified as Ochromonas

ovalis, was dlscovered which was found to ingest cells of

the target blue-green algal Microcystis aeruginosa. The
phagocytic activity of this organism was found to be enhanced
by the presence of certain test compounds at low levels
which alone exhibited only marginal algaecidal activity.
Through Phase II additional synergistic compounds were
identified, and environmental and growth parameters, which
exhibited a positive affect on the phagocytlic activity of
various species of Ochromonas, were delineated.

An investigation of this phenomena with respect to three
compounds (Nos. 114, 117 and 119) received for testing
during Phase III verified the previously obtained data.

Ochromonas danica in the presence of Compound No. 117
(N-((4=(6-cyano=2-pyridinyl)oxy)phenyl)-N,N-dimethyl urea)
and No. 119 (N'-=(4-((6-bromo-2-pyridinyl)oxy)phenyl)-N,N~
dimethyl urea) both produced 100 percent control of
Microcystis in six days, compared to 92 percent control in
the same period of time where no test compound was used.

Compound No. 114 showed no activity-enhancing effect at

the 0.2 ppm level, as did No. 117 and No. 119 (Figure 14,
Table 43, and Appendix E). In no case however, was the
system improvement considered to be of sufficient magnitude
to warrant further investigation with the compounds tested.
The phagocytlic activity enhancement phenomenon may still be
valid, however, should a compound with sufficient optimizing
properties be discovered.
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TABLE 43

INFLUENCE OF TEST COMPOUND NO. 117 - N((4-(6-cyano-2-pyridinyl)oxy)phenyl-N,N-dimethylurea
AT 0.2 PPM ON THE PHAGOCYTIC ACTIVITY OF FOUR SPECIES OF Ochromonas

CELL COUNTS

.0 - days 0+1 da 0 + 2 days 0 + 6 days Percent
Species x10° (Och)x10* (M)x10° (Och)xi0*  (M)x10° (Och)xlC*  (M)x10° (Och)x10® Control
0. bastrop+(M)+(T) 0.84 1.0 0.47 1.80 0.0 7.3 0.0 12.9 100
0. danicat+(M)+(T) 0.84 1.0 0.73 Q.65 0.19 1.9 0.0 13.7 100
0. malhamensis + 0.84 1.0 0.98 0.30 0.95 0.70 0.57 10.5 86
(M)+(T)
0. ovalis+(M)+(T) 0.84 1.0 0.07 3.0 0.0 9.1 0.0 0.40 100
Controls
0. bagtrop+(M) 0.84 1.0 0.63 0.35 .03 4.5 0.0 12.2 100
0. danica + (M) 0.84 1.0 0.42 0.40 0.53 2.60 0.34 2.0 g2
0. malhamensis+(M) 0.84 1.0 0.90 0.50 1.10 0.45 0.75 11.2 82
0. Ovalis+(M) .84 1.0 0.07 3.5 0.0 8.6 0.0 8.2 100
(M) only
Culture No. 1 0.84 _ 1.20 — 1,20 - 4,35 — —
(M) only
Culture No. 2 0.84 — 1.16 — 1,06 _— 4, o5 -— -
Key:

(M) = Microcystis aeruginosa
(Och) = Ochromonas
(T) = Test chemlcal
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Storage-Viability Study

A comprehensive study, involving 108 separate tests, was
undertaken to determine the various conditions under which
the Ochromonas ovalls and Ochromonas bastrop specles would
be able to malntain vliabllity and return to normal activity
upon re-culturing. Each species was subjJected to seven
different types of substrate media, four different moisture
states, and three widely different temperature conditions.

After 15 days storage time under the specified conditions,
samples from each culture were re-cultured in Gorham's medium
for three days and then examined microscopically. Those
cultures which showed viable Ochromonas cells still present
for 44~ and 70-day periods are indicated with an asterisk

in Table 44, Both specles survived the full 70-day test
period in molst activated charcoal, in Jellied 1liquid
nutrient agar at room temperature, and when imbibed in cotton
or polyester fibers under alr-dried conditions.

In no case of survival was the number of reviving cells very
great but the fact that cell viability was retained at all
furnishes a basis for the possibility of storage of substan-
tial culture volumes especially since the cells were able,
in certain substrates, to survive dry or partially dried
conditions for such a long period of time.

Field Tests

The planned approach toward further development of the phago-
cytic organisms, for the natural control of Mlcrocystis
blooms was to introduce a culture of Ochromonas ovalis into

a Microcystis-infested body of water, or into an 1solated
portion thereof. This chrysomonad algal specles had proven
to be a voracious feeder on Microcystis aeruginosa during
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Conditions which Produced
Positive Results

TABLE L4

Ochromonas STORAGE-VIABILITY STUDY

Gorham's medium - refrigerated
Gorham's medium - room temperature

Gorham's medium - refrigerated, -
evaporated (near dryness)

Gorham's medium - room temperature,
evaporated (near dryness)

Topsoil - refrigerated, sterilized,
moist

Topsoil - room temperature,
sterilized, moist

Topsoll - refrigerated, sterilized,
dry

Topsoil - room temperature,
sterilized, dry

Topsoil -~ refrigerated, non-steril-
ized, moist

Activated charcoal - room tempera-
ture, moist

Nutrient agar (gel) - refrigerated

Nutrient agar (gel) - room
temperature

0+15 days 0+44 days
0. ovalis 0. bastrop 0. ovalis 0. bastrop

®* *
* ¥
[T xR
#* *®

* * 2 ?

#* * ] o
# *
* *
* *

L * *
* *%

* *% * *

0+70 days

0.

ovalis

0. bastrop




g1t

TABLE 44 continued

Conditions which Produced 0+15 days 0+44 days 0470 days
Positive Results 0. ovalis 0. bastrop 0. ovalis 0. bastrop 0. ovalis 0. bastrop
Liquid nutrient agar - refrigerated * L * * *
Liquid nutrient agar - room
temperature *# *¥ ? ? ¥ ¥
Polyester fibers - refrigerated,
dried L
Polyester fibers - room
temperature, dried ® ® ? ? ¥ *

Polyester fibers - refrigerated
moist * *

Cotton fibers - refrigerated,
moist * * ¥ 2 9 *

Cotton fibers - room temperature,
molst * * # 2 *

Cotton fibers - room temperature,
dried * * * * *

¥ Viable organisms present after 15 days storage or longer
¥%¥Copious number of viable organisms present after 15 days or longer



extensive laboratory and small-scale field test situations.
Verification of these results under natural conditions

was attempted as a sub-portion of the whole-pond test in
North Texas.

Sixty-gallon plastic bags, identical to those used for con-
trol chambers, were filled with ambient pond water and
covered with plastic previous to administration of test
compound to the pond. The dense cultures of Ochromonas

were added to each test chamber sufficient to yield an
Ochromonas density of about 200 cells/ml. The initial
Microcystis population was monitored at 10,000 cells/ml.

At 0+1 day water samples were taken from each vessel and
examined microscopically to determine algal population
densities. Data from this and subsequent monitorings indi-
cated that the physical, chemical, and/or\biological inter-
ference conditions were apparently such that the Ochromonas

could not cope with them and this algal species did not

survive.

Ultramicrostructure and Mode-of-Action Study

An important aspect of the biological control study was
undertaken by Drs. Michael J. Wynne and Gary Cole of the
University of Texas Botany Department. An extensive invest-

igation on the sub-cellular organelle structure of Ochromonas

danica and theilr mode of ingestive action was made during
Phase III. The complete report is contained in Appendix A.

In summary, Wynne and Cole found that the chrysomonad alga
(Ochromonas) 1is a weak autotroph, primarily because of

insufficient chlorophyll, and therefore requires other
organic materials for sources of nitrogen, and for carbon
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energy sources. Consequently, the endocytic mode of
nutrition 1s common with this organism, of which the toxic
blue-green alga Microcystis aeruginosa is a common target
when present in the same culture.

A study of the efficiency and mechanism by which this

phagocytic organism engulfs and ingests cells of Microcystis
utilizing various light and electron-microscopic techniques,
was the primary focus of this investigation. The action of

Ochromonas on Microcystis 1s suggestive of a mechanism for
this nuisance algal species.

Dense cultures of Ochromonas danlca were prepared by the
Universlty investigators and added to existing healthy
stock cultures of Microcystis. The decline in Microcystis
cell count as a function of time is shown graphically in
Table 1, Appendix A. The rate of endocystis 1s seen to
be very rapld during the initial 10 to 15 minute contact
period, after which the action declines markedly.

A series of light micrographs taken at successive time
intervals show various stages of engulfment of Microcystis

by 0. danica and subsequent intercellular digestion of the
former (Figures 1-4, Appendix A). Ingestion has been
observed to consistently occur at the anterior end of the
'phagocyte. When Microcystis 1s initially engulfed it
becomes invaginated in the primary food vacuole and then
immediately begins to migrate toward the posterior pole of
the cell. This food vacuole soon fuses with the larger
secondary food vacuole and releases its contents into the
digestive organelle., These events may occur several suc-
cessive times, resulting in the accumulation of as many as
six to eight Microcystis cells 1n the secondary phagosome,
which reaches its maximum volume when the vacuole becomes
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distended to full capacity, at which time Q. danica ceases
any further engulfment.

The precise extent of dlgestive activitles in this stage
is unknown, but it is suggested that at least the outer,
muclilaginous sheath of the blue-green alga is removed.

A unique cross-fracturing freeze-etch method with scanning
electron micrography techniques was employed by Drs. Wynne
and Cole in further investigations of the digestive processes
within the secondary phagosome. Almost complete breakdown
of the engulfed cells is indicated in the secondary phago-
some (SP) in Figure 4, Appendix A.

Figures 11 through 15, Appendix A, show Microcystls in

successively later stages of digestion, in which the photo-
synthetic lamellae are seen to gradually depart from their
recognlzable pattern to one of discontinuity. The ends of
these membranes apparently tend to fuse and give the appear-
ance of circular vesslcles.

A freeze-etched, cross-fractured golgi complex, or dictyosome,
is shown Just above the nucleus in Figure 21, Appendix A.
This orgaﬁelle, which is responsible for the production of
dlgestive enzymes, was in an active state of proliferation

at the time of fixation, and treatment with acid phosphates
resulted in the accumulation of electron-rich deposits con-
centrated in the vessicles arising from the golgi cisternae,
as seen in Figure 22.

A number of other kinds of microorganisms, including brewer's

yeast and several species of bacteria, have also been observed
to be ingested wilthin the food vacuoles of 0. danica. Figure
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25, Appendix A, shows seven partially digested bacteria
enclosed with a secondary phagosome.

Observations of endocytotic activity under experimental con-
ditions seem to indicate that initiation of the action

depends upon a chance contact between the two cells. Since
invagination seems to always occur at the anterior end of

the chrysomonad, its beating flagella tend to create micro-
currents over the surface of the cell, thus causing any
posterior contacts to be moved in that direction. Aaronson
postulated that the flagella may be involved in the accretion
of particles on the cell surface and thus provide the organ-
8im with a mechanism of sampling material from the environment.

Since Microcystis aeruginosa 1s a common bloom-producing

alga and one which 1s capable of releasing toxic substances,
1dentified as cycllic polypeptldes, in sufficiently high
concentrations to kill a varlety of animals the concept of
developing a natural control mechanism which could be intro-
duced at an appropriate time, is intriguing.

In this study, the rate of endocytosis was determined by
observing the rate of decrease in concentration of Mlcrocystis
in a culture which contained a known concentration of 0.
danica. The uptake of Microcystis was most rapid during the
first ten minutes after the two cultures were comblned, at a
calcualted 7.0 x 10" cells/ml/min. The rate of invagination
then decreased to 1.0 x 10* cells/ml/min during the next

20 minutes primarily due to two factors: reduction of blue-
green cell concentration, thus reducing the number of change-
encounters with Ochromonas cells, and many of the Ochromonas
cells becoming gorged with blue-green algae and thus render-
ing themselves incapable of additional feeding until the
ingested cells had decomposed.
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It is suggested that the effectiveness of utilizing such

a phagocytic organism in the biological control of Mlcrocystis
blooms would depend on fulflllment of at least the following
four conditions; a continuing rapid rate of intercellular
digestion of Mlcrocystis, the maintenance of high concentra-

tions of Ochromonas in the environmental niche, the selective

action on Microcystis by Ochromonas as a preferential food

source and the detoxification of Microcystis cells during

the digestive process, all of which will require further
investigation.
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ABSTRACT

Ochromonas danica, a chrysomonad alga which demonstrates

a high degree of nutritional versatility, is capable of
feeding on the toxic blue-green alga, Microcystis

aeruginosa Kutz. 1In this paper, light-microscopic,
electron-microscopic, and cytochemical examinations of
endocytosls in 0. danica are reported with particular emphasis
on the vicissitudes of phagosomal and lysosomal activities
during intracellular digestion. A diagrammatic interpretation

of the function of organelles associated with endocytosis
is presented.
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INTRODUCTION

Ochromonas danica Prings. demonstrates an unusual versatility
of nutritional modes. This chrysomonad alga is a weak auto-
troph, primarilybecause of insufficient chlorophyll, and
therefore, requires some organic substances in the media to

serve both as a source of nitrogen compounds and as a carbon
and energy source. Pringsheim (43) suggested that limited
photosynthesis helps to keep Ochromonas alive during long
periods in axenic culture but, in the absence of an added
carbon source, photosynthesis 1s insufficlent to provide all

the organic compounds necessary for continued multiplication.
However, Aaronson and Baker (3) have reported that Q. danilca
can grow photoautotrophically in a substrate~free medium in

5 percent CO;, on a shaker and illuminated with fluorescent
lamps. If particles of organic material are added to axenic
cultures of 0. danica, or, 1f the cultures become contamin-
ated with other microorganisms such as bacteria, this chryso-
monad also demonstrates adeptness in endocytotlc activity.
Pringsheim (43) considered the nutritional versatility of
Ochromonas to be a primitive character, perhaps reflecting
the mixed trophic levels of ancestral forms, It 1ls the
endocytotic mode of nutrition which wilill be explored in this
paper. The efficiency by which the chrysomonad engulfs and
ingests Mlcrocystis seruginosa Kutz., a toxic blue-green alga,
is suggestive of a mechanism of blological control and was

examined using light-microscopic and electron-microscopic
techniques.
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MATERIALS AND METHODS

Pure cultures of Ochromonas danica and Microcystis
aeruginosa were obtailned from the Indiana Culture
Collection (L1298) and Dow Chemical Company, Freeport,
Texas, respectively. A culture of M. aeruginosa was also
obtained from Dr. Franklyn Ott (#0510). The culture tech-
niques as well as the thin-section and freeze-etch prepara-
tory procedures for these organisms were outlined in an
earlier paper (12). Light-microscopic studies of endocytosis
were performed using a Zeiss universal microscope equipped
with Nomarskl objectives and a high-intensity light source.
Kodak Plus-X film was used.

For estimates of the rate of endocytosis, the following
procedure was designed. Axenlc cultures of Q. danica and
M; aeruginosa were first grown as outlined above, except

that equal volumes of inocula of the former were added to
200 ml of Ochromonas media in 500 ml Erlenmyer flasks and

subjected to continuous agitation (2.2 cps) in a Gyrotory
shaker (New Brunswick Sci. Co.). After four days, cell
counts of Q0. danica were estimated using a Spencer (No. 1492)
hemacytometer. Concentrations of 2.8 x 10° - 3.5 x 10°
cells/ml were recorded. Similarly, cell counts were esti-
mated for M. aeruginosa after three weeks' growth in station-
ary culture. Concentrations of about 1.9 x 10° cells per ml
were routinely recorded. Clumping of M. aeruginosa cells
affected both our estimates of cell concentration in axenic
culture and our determination of the rates of endocytosils

in the mixed condition. The latter problem arose from the
fact that 0. danica was unable to engulf large clumps of
cells, but the chrysomonads would cluster 1n large numbers
about the mass of blue-green algae and thus significantly
affect the validity of the hemacytometer values. However,
we found that vigorous shaking of the test tube which
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contained the M. aeruginosa culture for approximately five
minutes on a Vortex mixer before combining it with 0. danica
considerably reduced this problem. Aliquots of 0. danica
and M, aeruginosa at known cellular concentration were then
mixed. One-ml samples were subsequently removed from the
mixed cultures of three-minute intervals, immediately fixed
with one drop of 1 percent formalin, and the number of re-
maining M. aeruginosa cells was recorded using the hemacyto-
meter. These successive recordings of blue-green algal cell
counts were continued for a total period of 30 minutes for
each mixed culture examined.

The electron-microscopic, cytochemical procedures for
locating acld phosphatase activity (25) in 0. danica was
based on the technique reported by Stoltze et al.(51), except
that our material was incubated at 37°C for 60 minutes. The
reaction was monitored under the light microscope by with-
drawing cell samples from the Gomorl media at 15-minute
intervals, centrifuging, and then resuspending the cells in
ammonium sulfide. The cells were mounted on microscope slides
and examined for the degree of preclipitation. Our control
experiment included incubation at pH 5.0 without the B~
glycerophosphate substrate. Observations of sectioned
materlal before and after uranyl acetate and lead citrate
staining indicated that no artifacts were introduced by the
post-staining procedures.

OBSERVATIONS

A sequence of light micrographs illustrates different stages
of engulfment of M. aeruginosa by O. danica (Figures 1 and 2)

and subsequent intracellular digestion of the former (Figures
3 and 4). In Figure 1, contact between a blue-green alga
(arrow) and O. danica has occurred at the anterior end of the
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chrysomonad, adjacent to its contractile vacuole (cv).

It 1s in this region of 0. danica that engulfment consist-
ently occurred. In the same chrysomonad cell in Figure 1,
another blue-green alga (arrowhead) is enclosed by a vacuole
which has produced a distinct bulge on the lateral surface
of the phagocyte. Alateral protrusion of the cell membrane
encasing a Microcystis cell is even more evident in Figure 2.
At the posterlor end of 0. danica in Figure 2, a Microcystis
cell is contained by another vacuole. It is suggested that
two major kinds of vacuoles form during endocytosis in

0. danica. When M. aeruginosa i1s initially engulfed by the
chrysomonad, the prokaryote 1s enclosed by a primary food
vacuole, or, primary phagosome (pp), which immediately
begins to migrate toward the posterior pole of the cell. It
is this organelle and its contents which cause the lateral
distention of the phagocyte. The primary phagosome soon
fuses with the larger secondary food vacuole, or secondary

phagosome (sp, Figures 2, 3, and 4), and releases 1lts con-
tents into this digestive organelle. The preceeding succes=-
sive events can occur several times resulting in the accum-
ulation of six to eight Microcystis cells in the secondary
phagosome (Figure 3). Soon after engulfment of the first
blue-gréen alga, O. danica cells lose thelir characteristic

pyriform shape and become almost spherical. The cell reaches
its maximum volume when the secondary phagosome becomes dis-
tended to its full capacity as indicated in Figure 3. At
this stage, 0. danica ceases further engulfment of M.
aeruginosa, and the blue-green algal cells contained by the
secondary phagosome appear to be digested simultaneously.

The precise extent of digestive activlities within the primary
phagosome is unknown, but we suggest that at least the outer,
mucilaginous sheath of the blue-green alga (17) 1s removed.
Digestion within the secondary phagosome has been demonstrated
by the transmission electron-microscopic and freeze-etch
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micrographs which follow. Almost complete breakdown of
M. aeruginosa cells is indicated in the secondary phagosome
in Figure 4,

The rate of endocytosis was based on the rate of decrease
of M. aeruginosa when mixed with a culture of 0. danica.

As outlined above, known volumes and concentrations of
constantly agitated cultures of 0. danica were combined with
an equal volume of known cell concentration of M. aeruginosa.
The mean concentration of 0. danica was 3.1 x 10° cells/ml
and the average concentration of M. aeruginosa in axenic
culture was 1;9 x 10° cells/ml. The results of the hemacyto-
meter counts of free M. aeruginosa cells in the presence of

0. danica, after varylng periods, were compiled and assimilated
in a graph which is presented in Table I. The greatest rate

of decrease of M. aeruginosa (i.e., rate of endocytosis)
occurred within the first 10 minutes after mixing the two cul-
tures. The actual decrease in the concentration of blue-green
algal cells during this initial period, as indicated in Table
I, was 7.0 x 10° cells/ml. 1In contrast, the decrease in con-

centration of M. aeruginosa during the subsequent 20 minute

period was only 1.0 x 10°® cells/ml.

Figure 5 shows a freeze-etched, cross-fractured secondary
phagosome of 0. danica which contains the partially digested
remains of Microcystis and Ochromonas cells. The latter '

demonstrates the cannibalistic nature of the chrysomonad

even in the presence of adequate food material. However, the
degree of cannibalization when cultures of 0. danica and M.
aeruginosa were mixed was minimal and was, therefore, not

taken into consideration when preparing Table I. Upon compar-
ison of the blue-green alga enclosed by the secondary phago-
some in Figure 5 with the free-living, freeze-etched cell in
Figure 6, it is evident that the outer wall of the ingested
M. aeruginosa has been digested, most of its vacuoles have
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disappeared, and its photosynthetic lamellae are hyper-
trophlied and irregularly arranged. Crystalloids are
frequently present in the cytoplasm of M. aeruginosa

(Figures 6 and 7). The perlodicity of the lattice pattern

of the cross-fractured structure is demonstrated in Figure

6. These Inclusionsresemble the cytoplasmic structures
identified earlier as polyhedral bodies (37, 42). The
crystalloids are electron dense in blue-green algal cells
which are present in secondary phagosomes of 0. danica

(Figure 11) and appear to decompose rather slowly (Figure 14).

The thin-sectioned phagocyte in Figure 8 shows M. aeruginosa

enclosed within a secondary phagosome. The posterior portion
of the chrysomonad has collapsed slightly as a result of the
fixation procedure, but the phagosomal membrane and plasma-
lemma can still be distinguished. This sectlon demonstrates
many of the characteristic ultrastructural features of 0.
danica. The single, anteriorly located dictysome (D) 1lies
adjacent to the contractile vacuole. The large nucleus (N)
is located between the lobes of the chloroplast, and the
outer membrane of the nuclear envelope 1s continuous with a
sac encompassing the chleroplast (arrows), referred to as
the chloroplast ER (9, 23, 24, 50). A large number of mito-
chondria are distributed around the perimeter of the cell.
Also noteworthy is the sparsity of endoplasmic reticulum
which 1s characteristic of Q. danica.

In the posterior region of the cell in Figure 8, above the
secondary phagosome, a distinct clusture of veslcles is
present. Most of these organelles, which are shown at

higher magnification in Figure 9, contain membrane fragments,
diffuse material, and small vesicles. These contents seem to
be common to all vesicles of similar size which are located
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adjacent to the secondary phagosome (Figures 11 through
14, and 16 through 18). 1In addition, another kind of
vesicle is present in this region of the cell, which is
coated with pentagonal and hexagonal subunits (arrow 1n
Flgure 9 and 10). These subunits may entirely encase the
membrane of the vesicle (Figure 10), or, only partilally
coat 1ts outer surface (Figures 13 and 18). Similar pro-
files were illustrated in an earlier ultrastructural
examination of O. danica in which the subunits formed the
coating of certain vesicles arising from the Golgl complex
(12). Suggestions of the function of these structures in
association with the process of endocytosis are presented
in the discussion.

The blue-green algal cell in Figure 8 lacks its outer,
mucllaginous sheath, but the wall 1s still intact which sug-
gests that the cell had moved from the primary to secondary
phagosome Just prior to fixation. Of course, it 1s quite
probable that the secondary phagosome in Figure 8 also con-
tained other M. aeruginosa cells. This 1s also true for the
contents of the secondary phagosome shown in Figure 11. 1In
this case, early signs of cytoplasmic decomposition of the
blue-green alga are demonstrated. Myelln figures, which have
been attributed to pathologlcal alterations of cells (28,46)
and cytoplasmlic degeneration (13) in a number of different
organisms, are found assoclated with the breakdown products

of blue-green algae at early (Figure 11) and late stages of
digestion (Figure 14). Electron transparent regions in

the cytoplasm of the lngested cell in Figure 11 are also
vislble. Outside the Microcystis cell, but within the lumen
of the secondary phagosome in Figure 11, are clusters of
ribosomes whlch are distributed about the perimeter of the
digestive organelle. Appressed to the outer surface of the

phagosomal membrane are numerous ER lamellae. Endoplasmlec

134



reticulum was frequently observed assoclated with the
outer circumference of secondary phagosomes at various
stages of the digestive process (Figures 14, 16 and 17)
even though 1t was sparse in other parts of the cell.

The phagosomal membrane in Figure 11 is highly convoluted.
As Microcystilis 1s further decomposed, the degree of con-
volution of this membrane decreases (c.f. Figures 11, 14,
16 and 17).

Of particular interest in Figure 11 is the partially coated
vesicle (arrow) lying adjacent to the phagosomal membrane.,
The contents of this vesicle are typical of those uncoated
vesicles of similar dimension found next to the secondary
phagosome (Figures 9 and 13). At higher magnification
(Figure 12) the coated surface is demonstrated to be com-
posed of subunits similar to those illustrated in Figure 10.
Uncoated veslcles in Figure 13 are Juxtaposed to tangentially
sectioned evaginatlons of the phagosomal membrane, which is
suggestive of an origin of these vesicles through a process
of blebbing of the secondary phagosome. In addition, numerous
smaller vesicles contalning diffuse materlal are found
adjacent to both the surfaces of the secondary phagosome and
large vesicles and are distributed randomly through the
cytoplasm in this region of the cell (arrows 1in Figures 13
and 18).

The outer wall of M. aeruginosa in Filgure 13 has decomposed
and, even though the photosynthetic lamellae are still
oriented in a recognizable pattern, they are discontlnuous.
Only remnants of photosynthetic lamellae can be found 1n
Figure 14. Fragments of membrane have accumulated within
the phagosome and appear to be emerging from the partially
decomposed blue-green algal cell. Thls phenomenon 1s more
apparent in Figure 15, Some of the membranous fragments
(arrows in Figure 15) are continuous with membranes of the
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almost completely digested M. aeruginosa cell. A tendency

for these fragments to form loops within the secondary
phagosome 1s demonstrated by Figures 14 through 16.
Apparently the ends of these membranes may subsequently fuse
and, in transverse section, therefore, would give the
appearance of vesicles (arrowheads in Figure 15).

Figures 16 and 17 illustrate secondary phagosomes which
contain the remains of blue-green algal cells in progessively
later stages of digestion. Figure 16 demonstrates a prolif-
eration of the amount of membrane loops and fragments within
the digestive vacuole, while both phagosomes show a marked
decrease in the amount of electron dense material compared

to earlier stages of Microcystls decomposition (c.f. Figures
11 and 14). All that remains of the M. aeruginosa cells in
Flgure 17 are short, linear membrane fragments and some

diffuse material. In the cytoplasm of 0. danica in Flgure 17
electron-dense deposits have accumulated which are inter-
preted to be lipid droplets., Also in this reglon of the

same chrysomonad, large, dlstinctive vesicles (rb) are present
which do not appear to be structurally connected to the
secondary phagosome and their contents consist of only
electron-dense deposits and some diffuse material.

Posterior to the secondary phagosome in Figure 18, two
vesicles with partially coated surfaces (c.f. Figure 12)
are visible. Both vesicles lie adjacent to the cell mem-
brane, which at several locations in thls section, is
associated with diffuse and rather fibrous material. At
one region (ccm) the inner surface of the plasmalemma is
coated with subunits simllar to those present on the surface
of vesicles. The outer surface of the freeze-etched cell
membrane of 0. danica in Figure 19 (arrows) demonstrates
evaginations which are suggestive of exocytotic activity on
the cell surface. The freeze-etch mlcrograph of 0. danica
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in Figure 20 reveals numerous lrregularities on the surface
fracture of the plasmalemma and membrane surrounding the
large secondary phagosome (arrows). Around the cytoplasmic
boundary of the phagosome, many small vesicles appear close-
ly appressed to the membrane surface. As previously indi-
cated in thin sections, phagosomal membrane blebbing and
fusion are suspected to occur along this interface (Figures
11 and 13). It 1s suggested that a relationship may exist
between these activities and at least some of thé circular
surface patterns on the phagosomal membrane demonstrated in
this freeze-etch micrograph. Similarly, some irregularities
of the surface of the cell membrane may be indicative of
exocytotic activity.

At the apex of 0. danica in Figure 21, a freeze-etched,
cross-fractured dictyosome 1s shown Juxtaposed to the
anterior surface of the nucleus. The Golgl complex was

in an actively proliferating state at the time of fixation.
When endocytotic cells were treated with acid phosphatase
accumulations of electron-dense deposits were concentrated

in vesicles arising from Golgl cisternae (Figure 22). 1In

the secondary phagosome shown in Figure 23, similar electron-
dense deposits resulting from the acid phosphatase reaction
were dispersed over the surface and throughout the decomposing
M. aeruginosa cell. Locallzed acld phosphatase positive

reactions were also shown in large vesicles surrounding the
secondary phagosome (Figures 23 and 24).

Ochromonas danica has a voracious appetite for many d4dif-
ferent kinds of microorganisms including several species of
bacteria and brewer's yeast (1). Figure 25 shows at least
seven partially digested bacterla enclosed by a secondary
phagosome. Current studies of endocytosis of conidia of
Oidiodendron truncatum (Robak) Barron, an imperfect fungus,
by 0. danica will form the basis of a future communication.
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DISCUSSION

The initiation of endocytosis of Microcystls aeruginosa

by Ochromonas danlca seems to depend on chance contact
between the two cells, at least under our experimental
conditions., If a Microcystis cell comes into contact with
the posterior end of the chrysomonad, the beating flagella
of the latter create a microcurrent over the surface of

the cell which causes the blue-green alga to be carried
toward its anterior end. It 1s in this region, Just post-
erior to the flagella, where engulfment occurs. Aaronson
(2) has also observed that flagellar movements caused

India ink particles added to the medium to flow over 1its
sides and toward the anterior end of the organlism. He has
suggested that the flagella may be 1nvolved in accretion

of particles on the cell surface of 0. danica and thus pro-
vide the organism with a mechanism of sampling material
from its environment,

Microcystis aeruginosa 1s a well known bloom-producing blue-

green alga (41) which is capable of releasing toxic com-
pounds (7, 26, 33), identified as cyclic polypeptides, into
its aguatic environment in sufficlently high concentration
to kill a variety of animals, except waterfowl (27). The
possibility occurred to us that the voracious appetite
which O, danica demonstrates for this blue-green alga

could be utilized in developlng a biological control system.
Examination of endocytosls with the light mlcroscope
demonstrated that a large number of Microcystls cells could

be rapidly engulfed by a single Ochromonas cell. Under

defined experimental conditions it was possible to estimate
the rate of endocytosls. Jacques (30) suggested that the
rate of endocytosis of an organism could be defined in two
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different ways. In one case, it could be the rate of invag-
inatlon of the cell membrane during engulfment estimated on
the basis of tbe number of phagosomes of an average. dlameter
formed by the phagocyte per unit time. In the second case,
the rate of endocytosis could be extrapolated from the rate
of change 1n concentration of a defined substance in the
medium which is belng engulged by the phagocyte. Our
estimate 1s based on the rate of decrease in concentration
of M. aeruginosa in a culture which contains a known con-
centration of Q. danica. Uptake of the blue-green alga was
most rapid during the -first 10 minutes after mixing the two
cultures. The actual rate of decrease of M. aeruginosa
during this interval (Table I) was 7.0 x 10* cells/ml/min.
On the other hand, sampling mixed cultures during the last
20 minutes of the experimental period indlcated that the

rate of decrease of M. aeruginosa was only 1.0 x 10* cells/
ml/min. One explanation of this reduction in the rate of
uptake demonstrated in Table I is that the occurrence of
endocytosis, at least in our artificial culture conditions,

is dependent on chance contact between M. aeruginosa and 1ts
predator. As the concentration of the former drops because .
of endocytosis, there is a proportional decrease in the

number of chance encounters with O. danica. Light-microscoplc
studies of living cells have indicated that canniballism in

0. danica is relatively rare in these mixed cultures and is,
therefore,’iénored in our statistical analyses. However, the
rate of decrease of Miérocxgpis cells is not linear (Table I)
because many 0. danica cells soon become gorged with blue-
green algae (Figure 3) and are then incapable of additional
feeding until the ingested cells have decomposed. Therefore,
an initial rapid uptake of cells (i.e., first 10 minutes in
Table I) is followed by a digestive perlod. Fewer O. danica
cells function as phagocytes during the later part of the
experimental period, thus further reducing the number of effect-
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lve encounters with M. aeruginosa cells. These factors
would collectively contribute to a marked reduction in

the rate of endocytosis in the mixed cultures after an
initial period of very rapid cell uptake. The effective-
ness of Q. danica in biological control of this blue-green
alga would depend on fulfillment of at least the following
conditions: 1) rapid rate of intracellular digestion of
M. aeruglnosa; 2) maintenance of high concentrations of

O. danica in the environmental niche; 3) selection of M.
aeruginosa by O. danica as the preferential food source;

and U4) detoxication of M. aeruginosa during the digestive

process. All these factors require investigation.

The mechanism of engulfment of Microcystis cells involves

formation of a primary phagosome by Q. danica. This struc-
ture first appears at the anterior end of the chrysomonad
when the blue-green alga contacts the cell membrane of the
phagocyte in this region. Schuster et al.(49) suggested

that the anterior region of a feeding 0. danica cell consists
of a "cytoplasmic tongue'" differentiated by fibers arising
from the kinetosomes and pinocytotic activity on the cell
surface. A minimal amount of digestion likely occurs within
the primary phagoscome, because 1t 1s only a transitory struc-
ture which soon after formation, about 30 to 60 seconds later,
fuses with the secondary phagosome located at the posterior
end of Q. danica. However, 1t 1s suggested that the mucilagln-
ous sheath of M. aeruginosa is at least partially removed in

the primary phagosomes, which of course assumed the presence
of intraphagosomal hydrolase enzymes. Aaronson (1) has pre-
sented a lengthy llst of hydrolases which have been found in
0. danica. There 1s also evidence that this chrysomonad is
capable of secreting a wide variety of hydrolases into its
environment (36). The effects of these secreted proteins on
the food material which is ingested is unknown.
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The large posterior vacuole of 0. danica has been referred
to as the 'leucosin vacuole' in earlier studies of both
axenic cultures (43) and cultures which are feeding on

other organisms (15). We prefer to associate the term
leucosin with the large, posterior vacuole and storage
product which occur in axenic cultures of the chrysomonad
grown under conditions of adequate light and carbon supple-
ment. In this case, the vacuole functions as a storage

site of leucosin, a polymer of glucose and mannitol composed
of 1:3 and 1:6 glucosidic linkages and a characteristic
reserve product of the Chrysophyta (45). In mixed cultures,
this same vacuole assumes an alternate function as a hetero-
phagosome and, at this time, is probably less involved in
storage of leucosin. As previously indicated, the posterior
food vacuole, or, seéondary phagosome, receives ingested
organic material from the primary phagosome at the time of
fusion of these two inclusions.

The characteristic shape of O. danica in axenic culture 1s
pyriform wlth a distlnctive elongate tail., However, when
these cells feed on M. ageruginosa, and other microorganisms

which we have examined, the chrysomonads assume an almost
spherical shape. Retraction of the tail is witnessed at
the time 0. danica engulfs 1ts first Microcystis at the

anterior end of -the cell. As the secondary phagosome
expands with an increasing number of ingested blue-green
algae, the chrysomonad becomes even more spherical. Bouck
and Brown (10) have examined the biogenesis of microtubules
in correlation with cell shape 1n O. danica and have sug-
gested (11) that "the beak and rhizoplast sites could exert
control over the position and timing of the appearance, the
orientation, and the pattern of microtubule distribution...".
When the authors exposed Ochromonas to colchicine or hydro-
static pressure (11), the microtubules dlsassembled, and the
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cells became spherical. 'When these artifical conditions
were removed, the characteristic pyriform cell shape
reappeared with concomitant assembly and orientation of
microtubules. We suggest that the onset of endocytosls

in 0. danica also has a disruptive effect on the anterior
microtubule nucleating sites, which causes initial dis-
assembly of the cytoplasmic, skeletal system and subsequent
retraction of the tall. The increased cellular turgor
pressure established by the enlarged secondary phagosome
perhaps causes additional disassembly of microtubules, and
also has an inhibitory effect on regeneration of these
structures. After digestion of the Microcystls cells, the
chrysomonads slowly regaln thelr pyriform shape, provided

that they do not continue endocytotic activity. Resumption
of this shape by O. danica is probably correlated with the
reassembly, orientation,band distribution of microtubules
controlled by the kinetobeak and rhizoplast nucleating
sites of the cell.

Within two to five minutes after a Microcystis cell is
encased by the secondary phagosome, & high degree of cyto-

plasmic activity, reminiscent of Brownian movement, adjacent
to the upper surface of the digestive vacuole, 1s visible
with the light microscope. Thin sections of this same region
of the cytoplasm of 0. danica, fixed at a comparable stage

of intracellular digestion of M. aeruginosa, indicate that

the particles observed wilth the light microscope are vesicles
clustered in high concentration about the upper surface of
the secondary phagosome (Figure 8). Both ultrastructural

and cytochemical evidence indicates a close structural-
functional interrelationshlp between these vesicles and the
secondary phagosome. The vesicles, which appear to arise by
a process of blebbing of the phagosomal membrane (Figure 13),
contaln acid phosphatase (Flgure 24) as does the secondary
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phagosome itself (Figure 23). Closer observation of the
organelles surrounding the secondary phagosomes revealed

two additional kinds of veslcles: smaller vesicles of
fairly uniform size which contain oniy diffuse electron-
translucent material (Figures 13 and 18), and coated
vesicles of varlable diameter (Figures 10 through 12 and 18).
De Duve (16) suggested that primary phagosomes, which arise
as a result of endocytosis, are initiaily devoild of digestive
enzymes. He further postulated, basing his concepts primarily
on observations of polymorphonuclear leukocytes, that the
primary phagosome receives its digestive enzymes, such as
acid phosphatase, from primary lysosomes. The latter
membrane-bounded organelles serve as storage sites for

newly synthesized enzymes not yet involved in digestive
events and are capable of fusing with the primary phagosome,
releasing their contents into the vacuolar lumen, and thus,
initiating the intracellular digestive process. Daems,
Wisse, and Brederoco (1l4) identified another category of
hydrolase-containing organelles in endocytotlc cells as
secondary lysosomes, which arise as blebs of the phagosomal
membrane. The authors stated that these organelles contaln
undigested material, which has been translocated from the
heterophagosome, and some of the products of digestion within
the secondary lysosome eventually find their way out and
into the cytoplasm without the escape of lysosomal enzymes.
Primary lysosomes may fuse wilth secondary lysosomes, pre-
sumably to replenish the supply of digestive enzymes in

the latter. We suggest that the large veslicles shown in
Figures 8 and 9 are secondary lysosomes based on the facts
that they occur in high concentration in the vicinity of the
secondary phagosome (Figure 8), apparently arise from blebs
of the phagosomal membrane (Figure 13), and contain acild
phosphatase (Figure 24).
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Daems et al. (14) also pointed out that lysosomes fuse

only with phagosomes, or with each other, and that they

are apparently incapable of fusing with membranes of

other organelles. They proposed that this latter phen-
omenon, which is not well understood, exemplifies "fusion
incompatibility". Of importance to this concept is the
origin of the membranes encompassing each of the dilgestive
organelles in the endocytotic cell. The membrane of the
primary phagosome is of plasmalemma origin, while the
ontogeny of the secondary phagosome is unknown. However,
fuslon of the two kinds of phagosomes demonstrates their
membrane compatibility. Considerable evidence has
accumulated for the origin of primary lysosomes from Golgil
cisternae (14, 16, 18, 19, 32, 40, 51). Figure 22 demon-
strates positive reaction for the test of the presence of
acid phosphatase 1n the Golgi cisternae of O. danlica. The
dictyosome of the endocytotic chrysomonad appears to
actively proliferate veslcles (Figure 21) and may account
for most of the synthesis and compartmentalization of
digestive enzymes in the cell. A sparsity of endoplasmic
reticulum in 0. danica, especially in the vicinity of the
Golgi complex, led us to speculate earlier (12) that another
cyto-membrane system, the nuclear envelope and vesicles
arising from proliferation of its outer membrane, is also
associated with this synthetlic process (12). However, some
ER lamellae are observed Jjuxtaposed to the secondary phago-
some (Figures 11, 14, 16 and 17). Trucket and Goulomb (52)
observed in regions of root nodules of Pisum sativum L.

where bacterial parasitism occurs, that the process of lyso-
some formation from Golgl proliferation alone seemed insuf-
ficient considering the degree of lytic activity in the cells;
and the authors, therefore, speculated that "endoplasmic
reticulum then shunts the dlctyosomes and directly buds
phytolysosomes". Such a function may also be associated with
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with ER 1n 0. danica. Matile (35) concluded that the
relatively large amounts of RNA found in isolated food
vacuoles of plants are due to the presence of ribosomes.

In thin sectlons of secondary phagosomes of O. danlca
(Figure 11), an abundance of ribosomes can be found in the
matrix. It 1s proposed that phagosomes are capable of a
certailn degree of autonomous synthesis of lysosome enzymes.

Considerable evidence is avallable that coated velscles
play a role in endocytosis (14, 18, 20, 39). The origin

of coated vesicles, however, is still rather controversial.
Localized, invaginated regions of the plasmalemma of 0.
danica frequently demonstrated a coating of pentagonal

and hexagonal subunits on the inner, cytoplasmic surface of
the membrane (12, and Figure 18). It has been suggested
that coated vesicles may arise by micropinocytosis of these
regions of the cell membrane (14, 53) and function as endo-
cytotic vesicles which may later fuse to form large food
vacuoles (39). Franke and Herth (20) observed that the
outer surfaces of coated 1lndentations of the cell membranes
of Dinobryon sertularia Ehr., another chrysomonad alga,

were assoclated wilth diffuse, electron dense material which
they suggested was of "glycoproteinaceous character”.
Similar observations are reported above for 0. danica
(Figure 18). Roth and Porter (44) had proposed earlier

that coated vesicles may be speclalized for cellular uptake
of protein. Evidence is also avallable that coated vesicles
arise directly from Golgi cisternae (12, 18, 22, 34).
Holtzmann et g;.(29) proposed that these vesicles function
in transport of acid phosphatase from the dictyosome to
heterophagosomes. We suggested earlier (12) that coated
vesicles, arising from the Golgi, may subsequently fuse

with other organelles such as the plasmalemma or secondary
lysosomes (Figure 18) and "by some unknown mechanism deposit
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thelr coated surface upon the inner protein layer of the
cell membrane". Kanasekl and Kadota (31) proposed that the
coated surface of vesicles 1s an apparatus to control the
"infolding and fissioning mechanism" of the plasmalemma.
Their suggestion was based primarily on evidence that
myosin-like material apparently comprises the subunits and
this provided the necessary contractlle properties to the
membrane. (6, 8). Perhaps the coated surfaces of secondary
lysosomes 1s also assoclated with blebbing and fisslion of
its membrane., It would appear, on the basls of current
evidence, "that the group of coated vesicles comprises a
functionally heterogeneous population" (14).

As suggested previously secondary lysosomes arise from
blebbing of the membrahe encompassing the secondary phago-
some (Figures 11 and 13). These lysosomes, which commonly
contaln smaller vesicles as well as membrane fragments and
heterogencous material, may also be referred to as multi-
vesicular bodies. However, caution is required in use of
this terminology since evidence exists for a considerable
variation in function and origin of structures generally
referred to as mutlivesicular bodies (1l4). Our cytochemical
studies of 0. danica indicated that the multivesicular organ-
elles surrounding the secondary phagosome contain acid
phosphatase. Friend (21) suggested that these lysosome
enzyme-~containing structures may become multivesicular by
penetration of small vesicles (e.g., primary lysosomes)
through the outer membrane, or, by invaglination and budding
of the membrane l1ltself. In O. danica, it 1s assumed that
fusion between a number of functionally different organelles
in the region of digestive activlities 1s possible, necessi-
tating a high degree of fusion compatibillity between their
respective membranes. For example, secondary lysosomes may
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fuse with primary lysosomes and with each other. Secondary
lysosomes may arise from evaginations of the secondary
phagosome and may subsequently fuse with the latter. The
freeze-etch, surface fracture of the secondary phagosome

in Filgure 20 shows small circular scars which are reminescent
of the circular pockets illustrated by the surface fractures
of cell membranes of Tetrahymena pyriformis W. These membrane
irregularitlies were attributed to the fusion of mucocysts
(47, 48). Similar scars were demonstrated on the cell mem-
brane of Chlorella Belj., which were considered to have
resulted from fusion with Golgl vesicles (38).

Secondary lysosomes gradually gather indigestible products
of endocytosis and flnally become so filled with residues
of digestion that they no longer participate in the segre-
gation of material ingested by the cell (14). Such conver-
sion of secondary lysosomes to residual bodies 1s indicated
in Figure 17. These organelles and their contents may be
gradually transformed into lipoldal deposits with a con-
comitant decrease in hydrolase enzymes contained by the
lysosomal membrane (14). Accumulation of lipid deposits

in 0. danica has also been suggested to be indicative of
aging (5, 49). The freeze-etch micrograph of Q0. danica

in Figure 19, demonstrating evaginations of the cell mem-
brane, is suggestive of a mechanism of exocytosis. Secre-
tion of membranes extracellularly'by 0. danica has also been
demonstrated in thin sections and has been proposed to be
assoclated with an excretory process (4).

Our concepts of the various activities of phagosomes,
lysosomes, and coated vesicles in Q. danica are presented 1n
a diagrammatic interpretation of intracellular digestion in
Figure 26. More experimental evidence 1is required in order
to validate or refute this interpretation of the sequence
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of events assoclated with endocytosis. One possible,
future research approach is to use autoradiographic tech-
niques involving labelled 1soprenoids of the photosynthetic

lamellae of M. aeruginosa, which appear to be rather slowly
decomposed (Figures 13 through 15), and to frace the pro-
gressive dissipation of these radicactive products through-
out the cytoplasm of 0. danica.
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TABLE I

Cole and Wynne, 1973

2.2 CONCENTRATION OF
- OCHROMONAS DANICA

15 3.1 x 10° CELLS/ml

(N x 10° CELLS/ml)

0.4 -

0.2 4

CONCENTRATION ( N ) OF FREE MICROCYSTIS AERUGINOSA
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Figures 8-10







Figures 16-19
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Figure 26
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Figures 1l-i

Figures 5-7

Figures 8-10

LEGENDS FOR FIGURES

Interference contrast (Nomarski) light
micrographs of Q. danica at various stages
of endocytosis of M. aeruginosa. Arrow
indicates free-living M. aeruginosa. cv,
contractile vacuocle; F, flagellum; pp,
primary phagosome; sp, secondary phagosome.
Figures 1-4, X 2,000.

Freeze~-etch micrographs of 0. danica (Figure
5) and M. aeruginosa (Figures 6 and 7).

Figure 5 illustrates a secondary phagosome
containing partially digested Ochromonas (0)
and Microcystis (M) cells. The free-living

M. aeruginosa cell (Figure 6) contains a
crystalloid (C), which at higher magnification
(Flgure 7), demonstrates a distinct lattice
(arrows). c¢cm, cell membrane; L, lipid droplet;

pl, photosynthetlc lamella; V, gas vacuole.
Figure 5, X 14,740. Figure 6, X 32,000,
Figure 7, 67,200.

Thin sections of O. danica which contains a
M. aeruginosa cell in 1ts posterior, secondary

phagosome (Figure 8). Figure 9 is a higher
magnification of secondary lysosomes concen-
trated just above secondary phagosome. A
coated vesicle (arrow in Figure 9 and 10) is
also shown. Arrows in Figure 8 indicate con-
tinuities between nuclear envelope and chloro-
plast ER. D, dictyosome; N, nucleus. Figure
8, X 14,740. Figure 9, X 37,200. Figure 10,

X 111,600
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Figures 11-15

Figures 16-17

Figure 18

Thin sectlions of secondary phagosomes and
surrounding organelles of 0. danlca at
progressive stages of digestion of M.
aeruglnosa. A partially coated vesicle
(arrow in Figure 11) 1s shown at higher mag-
nification in Figure 12. Arrows 1in Figure

13 show small vesicles, suggested to be pri-
mary lysosomes, juxtaposed to the phagosomal
membrane and membranes of larger vesicles,
identified as secondary lysosomes. Figure 15
shows a late stage of the intracellular
digestlon of M. aeruginosa. Arrows lndicate

fragments of membranes which are partially
detached from the decomposed cellular material.
Arrowheads indicate detached loops of membrane,
the ends of which have fused. er, endoplasmic
reticulum; mf, myeline-figure. Figure 11,

X 18,000. Figure 12, X 36,600. Figure 13,

X 50,000. Figure 14, X 24,600. Figure 15,

X 67,500.

Thin sections of secondary phagosomes and
surrounding organelles at progressive stages

of digestion of M. aeruginosa. rb. residual
body. Figure 16, ¥ 30,000. Figure 17,
X 21,600.

Thin sectlon through cytoplasm of Q. danica
adjacent to secondary phagosome showing
partially coated vesicles, and coated region
of cell membrane (ccm). Arrows indicate
primary lysosomes. X 40,800.
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Figure 19

Figure 20

Figure 21

Figures 22-214

Figure 25

Figure 26

Freeze-etch, cross-fracture of 0. danica
showing evaginations of the cell membrane
(arrows). Ch, chloroplast. X 23,500.

Freeze-etch, surface fracture of the cell
membrane and secondary phagosome of 0. danica.
Arrows indicate circular scars on the
fractured, phagosomal membrane, X 11,390.

Freeze-etch cross-fracture of the dictyosome
of 0. danica. X 23,200.

Thin sections of endocytotic O. danica cells
subjJected to the modified Gomori reaction
which is used to localized acid phosphatase
activity. The latter is indicated by the
electron-dense deposits in Golgi cisternae
(Figure 22), in the secondary phagosome
assoclated with partially digested M,
aeruginosa cell (Figure 23), and in secondary
lysosomes (Figure 24). Figure 22, X 26,400.
Figure 23, X 22,400. Figure 24, X 25,200.

Thin section of 0. danica showlng partlally
digested bacterial cells enclosed by secondary
phagosome and intact bacterla outside the
phagocyte., X 17,390.

Diagrammatic interpretation of cellular
processes associated wlth endocytosis of
M. aeruginosa hy O. danica.

1
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Table I

Graphical demonstration of the rate of
endocytosis whilch is interpreted as the
rate of decrease of free M. aeruginosa

cells 1In the presence of a knownh concen-
tration of 0. danica.
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COMPOUND ACTIVITY OF SELECTED ALGAECIDAL COMPOUNDS AGAINST
Anabaena WHICH WAS CONTAMINATED WITH AN UNKNOWN
SPECIES OF FILAMENTOUS GREEN ALGAE AT VARIOUS CONCENTRATIONS

Initial Final

Serial Compound Concentration Relative Relative Percent
Number Name ‘ ppm Intensity Intensity Control
23 2,5-Dichloro-3,4- 3.2 .20 .058 79

dinitrothiaophene 1.6 20 .058 79

0.8 .20 .054 81

73 p-Chlorophenyl-2- 3.2 .20 .030 89
thienylliodonium-

chloride 1.6 . 20 .037 87

0.8 .20 .052 80

Control - .20 .28 -



69T

Serial

Number

Th

78

82

96

bOMPOUND ACTIVITY - SUPPLEMENTARY SCREENING DATA
Anabaena flos-aquae

Initial
Relative
Name of Compound Intensity
(p-Bromophenyl)-2-thienyl
iodonium chloride
1.6 ppm .23
0.8 ppm 27
0.4 ppm .18
2-Thienyl-p-tolyliodonium
chloride
1.6 ppm .28
0.8 ppm .19
0.4 ppm .18
(o=Chlorophenyl)-2-thienyl
jodonium chloride
1.6 ppm .36
0.8 ppm .32
0.4 ppm .22
2,5-Dibromo-3,4-dinitro-
thiophene
1.6 ppm 27
0.8 ppm .26
0.4 ppm .23

Final
Relative

Intensity

.04
.05
.37

.06
.32
U7

.05
.06
.08

.04
.Oll
.05

Percent

Control

100
95
59

ok
48

95
92

100
100
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Initial Final

Serial Relative Relative Percent
Number Name of Compound Intensity Intensity Control
98 Tetrachlorothlophene
1.6 ppm .23 .70 23
0.8 ppm .21 .70 23
0.4 ppm .19 .78 14
Control
No. 1 .19 .93
No. 2 .18 .97
No. 3 .18 .82
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Serial

Number

121

124

163

164

165

COMPOUND ACTIVITY SCREENING OF SELECTED ALGAECIDAL COMPOUNDS

AGAINST Anabaena flos-aquae AT 0.8 PPM

Initial
Relative
Intensity
N'-(3-(1,1-Dimethylethy)-U- (1) .29
nitrophenyl)-N,N-dimethyl urea (2) .31
N-(4-Butyl-2-nitrophenyl)- (1) .19
acetamide (2) .19
N'-(4-((3-Chloro-2-pyridinyl) (1) .30
oxy)phenyl)-N,N~dimethyl urea (2) .28
N'-(4-Ethylphenyl)-N, N- (1) .47
dimethyl urea (2) .43
N*-(4-((3,5-Dichloro-2- (1) .48
pyridinyl)oxy)phenyl)-N,N- (2) .u4
dimethyl urea -
Control (1) .21
(2) .20

(2)

Final
Relative
Intensity
(1) .66
(2) .62
(1) .73
(2) .69
(1) .90
(2) .90
(1) .70
(2) .71
(1) 1.10
(2) .95
(1) .70

.70

Percent

Control

9
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COMPOUND ACTIVITY OF SELECTED ALGAECIDAL COMPOUNDS

Serial
Number Name of Compound
126 7,8-Dihydro-6H-pyrrolo(l,2-¢)
purin-4-01
127 2-Tert-butyl-4-nitrophenol
136 2,2'~(1,2-Ethenediyl)bisben-

zoxazole

Control

Initial
Relative
Intensity
(1) .29
(2) .31
(1) .28
(2) .28
(1) .29
(2) .32
(1) .30
(2) .29

AGAINST Anabaena flos-agquae AT 0.8 PPM
4-day period

Final
Relative

Intensity

OO
N

-

~3
\J

.91

Py e Y e N e T L
N N = N = N =
N L T 1 e W

Percent

Control

0

12

91
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COMPOUND NUMBER 136 - 2,2'-(1,2-Ethenediyl)bisbenzoxazole
AGAINST Microcystls aeruginosa AND Anabaena flos-aquae AT VARIOUS CONDITIONS

— Anabaena flos-~aquae Microcystils aeruginosa
Initial Final Initial Final
Concentration Relative Relative Percent Relative Relative Percent
ppm Intensity Intensity Control Intensity Intensity Control
1.6 .35 .0l .28 .066
1.6 .36 .05 100 .25 . 066 100
0.8 .27 .069 .22 .070
0.8¢ .27 .080 94 .22 .072 ok
0.4 .26 27 .21 .066
0. 4" .26 .26 80 21 .070 94
0.2 .25 .92 .21 .11
0.2¢ .2k .83 35 21 .20 87
Control .26 1.4 - .21 1.1 L
Control' .28 1.3 .21 1.2



LABORAORY SCREENING TESTS
ALGAECIDAL ACTIVITY OF COMPOUND NO. 136
(2,2'-(1,2~Ethenediyl)bis-benzoxazole)

AT VARIOUS CONCENTRATIONS OVER AN EXTENDED TEST PERIOD

Anabaena flos-aquae

0-days 0+4 days % 0+21 days %

Concentration R.I. R.TI. Control R.I. Control
0.8 ppm 0.20 0.11 70 1.1 76
0.4 ppm 0.20 0.16 57 1.4 68
0.2 ppm 0.20 0.19 52 2.7 41
0.1 ppm 0.20 0.27 33 3.1 28
Control No. 1  0.20 0.39 —- 5.2 —-
Control No. 2 0.20 0.40 - 4,1 -

Microcystis aeruginosa

0.8 ppm 0.20 0.51 90 2.20 21
0.4 ppm 0.20 0.13 76 1.95 30
0.2 ppm 0.20 0.37 31 2.55 <10
0.1 ppm 0.20 0.48 10 2.05 23
Control No. 1 0.20 0.54 - 2.90 -
Control No. 2 0.20 0.54 - 2.70 -
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Serial

Number

146

147

148

149

150

COMPOUND ACTIVITY SCREENING OF SELECTED ALGAECIDAL COMPOUNDS

AGAINST Anabaena flos-aguae AT 0.8 PPM

Initial
Relative
Name of Compound Intensity
5-Butyl-2-methyl-1H-benzi- (1) .40
midazole (2) .ho
Pentachlorophenol, compound (1) .24
with 2-(2,4,5-Trichlorophen- (2) .24
oxy)ethanamine (1:1)
N'-(4-((6-Chloro~4-tri~ (1) .21
fluoromethyl)-2-pyridinyl) (2) .21
oxy)-N,N-dimethyl urea
5-Nitro-2-thlophene- (1) .28
carboxaldehyde, oxime (2) .28
N-(4-((6-Chloro-2-pyridinyl) (1) .33
oxy)phenyl) acetamide (2) .34
Control (1) .24
(2) .25

Final
Relative

Intensity

(1) .40
(2) .h4o

(1) .79
(2) .80

(1) 1.50
(2) 1.10

c76
.79

1.00
1.00
.73
.75

TN N
N+

~~~ —~
SN I SR
s N —r

Percent

Control

0
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COMPOUND ACTIVITY SCREENING OF SELECTED ALGAECIDAL COMPOUNDS

AGAINST Anabaena

flos-aquae AT 0.8 PPM

Serial
Number Name of Compound
151 N-(4-((6-Chloro-2-pyridinyl)
oxy)phenyl)-N'-methyl urea
152 N'—-(4-((2,6-Dichloro-U-
pyridinyl)oxy)phenyl)-N,N-
dimethyl urea
153 2,5-Bis((4~methylphenyl)
sulfonyl)-3,4~dinitro-
thiophene
154 N-(3-Chlorophenyl)-2-
isoxazolidinecarboxamide
155 N-(4-Chlorophenyl)-2-

isoxazolidinecarboxamide

Control

Initial
Relative
Intensity
(1) .23
(1) 066
(2) .64
(1) .28
(2) .26
(1) .34
(2) .30
(1) .27
(2) .26
(1) .24
(2) .25

Final
Relative

Intensity

(1) 1.20
(2) 1.00

(1) 1.60
(2) 1.60

(1) .06
(2) .75

.90
.90
.70
.51

.73
.75

~ o~ ~~
[AS I o N -
et St

N =
[ R

Percent
Control

18
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COMPOUND ACTIVITY SCREENING OF SELECTED ALGAECIDAL COMPOUNDS
AGAINST Anabaena flos-aquae AT 0.8 PPM

Serial
Number Name of Compound
156 3-(Acetyloxy)-U4~-bromo-
butanoic acid, methyl ester
157 N'—(4~Acetylphenyl)-N,N~
dimethyl urea
158 N,N-Dimethyl-N'-(4-((6-
(methylthio)-2-pyridinyl)~
oxy )phenyl) urea
159 N'-(U4-((6-Chloro-2-pyridinyl)
oxy )phenyl)-N ,N-diethyl urea
160 2-(2,4=Dichlorophenoxy)-

3-nitropyridine

Control

Initial
Relative
Intensity
(1) .24
(2) .25
(1) .31
(2) .30
(1) .61
(2) .61
(2) .65
(1) .27
(2) .30
(1) .24
(2) .25

Final
Relative

Intensit

(1)
(2)

(1)
(2)

(1)
(2)

.60
.80

.83
.80

1.20
1.00

.90
1.30

.72
.15

.13
.15

Percent

Control
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COMPOUND ACTIVITY SCREENING OF SELECTED ALGAECIDAL COMPOUNDS

AGAINST Anabaena flos—aquae AT 0.8 PPM

Serial
Number Name of Compound
161 Tris(dimethylamino) (hydroxy-
phenyl=methyl) phosphonium,
hydroxide, inner salt
162 N'-(l4-((6-Chloro-2-pyrazinyl)

oxy )phenyl)-N,N~dimethyl urea

Control

Initial
Relative
Intensity
(1) .28
(2) .26
(1) .45
(2) .43
(1) .24
(2) .25

Final
Relative
Intensity
(1) .68
(1) .85
(2) .88
(1) .73

(2) .75

Percent

Control

10
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COMPOUND ACTIVITY SCREENING OF SELECTED ALGAECIDAL COMPOUNDS

AGAINST Anabaena flos-aquae AT 0.8 PPM

Initial
Serial Relative
Number Name of Compound Intensity
166 Y-Amino-6-(1,1-dimethyl=ethyl)- (1) .55
3-(methylthio)-1,2,4-triazin- (2) .50

5(4H)-one
167 1H~-Imidazol-2-ylphenyl- (1) .42
diazene (2) .39
168 2=-Chloro=-6-(4-methoxy=- (1) .45
phenoxy) pyridine (2) .52
169 N'=(4-(2,6-dinitro~4- (1) .52
(trifluoromethyl)phenoxy)= (2) .50

phenyl)-N,N-dimethyl urea

Control (1) .21
, (2) .50

Final
Relative

Intensit

(1)
(2)

.90
.90

1.10
1.14

.94
1.07

1.05
1.05

.70
.70

Percent

Control

13
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COMPOUND ACTIVITY SCREENING OF SELECTED ALGAECIDAL COMPOUNDS

AGAINST Anabaena flos-aquae AT 0.8 PPM

Initial
Serial Relative
Number Name of Compound Intensity
170 2-(4-Chlorophenyl)-2,3, 5,6~ (1) .20
tetrahydroimidazo(2,1-b)- (2) .20
thiazole, monohydrochloride
171 2,3,5,6-Tetrahydro-2-(2- (1) .20
naphthalenyl)-imidazo(2,1-b), (2) .19
monohydrochloride
172 2-Hydroxy-N-phenyl-3- (1) .20
pyridinecarboxamide (2) .23
173 N'-(3-Chlorophenyl-N-methoxy~ (1) .36
N-methyl urea (2) .28
Control (1) .21
(2) .20

Final
Relative
Intensity
(1) .63
(2) .56
(1) .62
(2) .61
(1) .64
(2) .75
(1) .93
(2) .82
(L) .70
(2) .70

Percent

Control

14

11
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COMPOUND ACTIVITY OF SELECTED ALGAECIDAL COMPOUNDS
AGAINST Anabaena flos-aguae AT 0.8 PPM
Four-Day Test

Initial Final
Serial Relative Relative Percent
Number Compound Name Intensity Intensity Control
177 1-(2,4,5~Trichlorophenoxy)=thiocyanic (1) .20 (1) .27 65
acid, ethyl ester (2) .20 (2) .32
178 2-((2-(Dimethylamino)ethyl)amine)3,4- (1) .20 (1) 1.05 0
dihydro-1(2H) isoquinolinone, dihydro- (2) .20 (2) .96
chloride
179 2-Phenyl-5H~(1,2,4)triazolo(1,5-b)- (1) .20 1) 1.0 o
isoindole (2) .20 (2) 1.30
180 2-(3-Methylphenyl)-5H-(1,2,4)tri- (1) .20 (1) .90 0
azolo(l,5-b)isoindole (2) .20 (2) .79
CuS04*5H20 (1) .20 (1) .10 85
(2) .20 (2 .15
Control (1) .20 (1) .95 .
(2) .20 (2) .75
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COMPOUND ACTIVITY OF SELECTED ALGAECIDAL COMPOUNDS
AGAINST Anabaena floseaquae AT 0.8 PPM
Four-Day Test

Initial Final
Serial Relative Relative Percent
Number Compound Name Intensity Intensity Control
183 3-(U4~(1,1-Dimethyl=ethyl)phenyl)- (1) .20 (1) 1.10 0
2,3,5,6-tetrahydroimidazo(2,1-b) (2) .20 (2) 1.10
thiazole
184 Phenyl-2-thienyl methanone, o- (1) .20 (1) .55 o8
((methyl=amino)carbonyl)oxime (2 .20 (2) .68
185 Bis((1,1'-biphenyl)-4-y1)- (1) .20 (1) .95 0
ethanedione (2) .20 (2) .81
186 ((3,5-Dichloro-6-fluoro-2- (1) .20 (1) .30 65
pyridinyl)oxy)methyl ester (2) .20 (2) .31
thiocecyanic acid
CuSQ,*2H,0 (1) .20 (1) .10 85
(2) .20 (2) .15
Control (1) .20 (1) .95 --
(2) .20 (2) .75
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COMPOUND ACTIVITY OF SELECTED ALGAECIDAL COMPOUNDS

AGAINST Anabaena flos-aquae AT 0.8 PPM

Four~Day Test

Serial
Number Compound Name
176 1,2-Dichloro-4-(isothioeyanato-
methoxy)benzene
182 ((4,5~Dimethoxy-1-2-phenylene)-
bis=(imino(thioxomethylene)))bis~
carbamic acid, dimethyl ester
193 N'-(4-((6-Chloro-2-pyridinyl)oxy)-3-
(trifluoromethyl)phenyl)-N,N-
dimethyl urea
194 N,N-Dimethyl-N'-(4=((6~(trifluoro-

methyl)-2-pyridinyl)thio)phenyl)urea

Control

Initial
Relative
Intensity
(1) .20
(2) .20
(1) .20
(2) .20
(1) .20
(2) .20
(1) .20
(2) .20
(1y .20
(2) .20

Final
Relative
Intensity
(1) .10
(2) .09
(1) .70
(2) .88
(1) .ho
(2) .45
(1) .37
(2) .40
(1) .68
(2) .75

Percent
Control

97

43

61



R8T

COMPOUND ACTIVITY OF SELECTED ALGAECIDAL COMPOUNDS
AGAINST Anabaena flos=aquae AT 0.8 PPM
Four-Day Test

Initial Final
Serial Relative Relative Percent
Number Compound Name Intensity Intensity Control
187 2-(4-Ethoxyphenyl)2,3,5,6-tetra- (L) .20 (1) .88 5
hydroimidazo(2,1-b)thiazole (2) .20 (2) .84
188 N-(1-(4~-Bromo-2,5-dichlorophenoxy)- (1) .20 (1) 1.40 0
2,2,2-trichloroethyl)formamide (2 .20 (2) 1.30
189 N'-(4-Ethyl-3-nitrophenyl)N,N- (1) .20 (1) .85 3
dimethyl urea (2) .20 (2) .95
190 4-((3,5,6-Trichloro-2-pyridinyl)- (1) .20 (1) 1.00 0
oxy)phenol (2) .20 (2) 1.00
CuSO,*5H0 (1) .20 (1) .08 91
(2) .20 (2) .08
Control (1) .20 (1) .88 _
(2) .20 (2) .92
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COMPOUND ACTIVITY SCREENING TESTS OF ALGAECIDAL COMPOUND AGAINST
Anabaena flos-aquae AND Microcystis aeruginosa AT 0.8 PPM

Microcystis Anabaena
Initial Final Initial Final
Serial Compound Relative Relative Percent Relative Relative Percent
Number Name Intensity Intensity Control Intensity Intensity Control
192 - N'=-(4-((2-Chloro-6- .20 .53 .20 .92
methyl-4-pyrimidinyl)= 41 0
oxy )phenyl)-N,N- .20 .53 .20 .91
dimethyl urea
197 1-(3,3-Dichloro-1- .20 .66 .20 .52
methylenebutyl)- 14 20
3,5-dimethyl benzene .20 .62 .20 .52
Control .20 .74 - .20 .65 -
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COMPOUND ACTIVITY OF SELECTED ALGAECIDAIL COMPOUNDS
AGAINST Anabaena flos aquae AT 0.8 PPM
Four-Day Test

- Initial Final
Serial Relative Relative Percent
Number Compound Name Intensity Intensity Control
191 N'-(3-Chloro-4-((6-chloro-2-pyri- -(1) .20 (1) .74 18
dinyl)oxy)phenyl)-N,N-dimethyl urea (2) .20 (2) .74
195 N-(lI-Methylethyl)-U4-phenoxybenzen- (1) .20 (1) 1.50 0
amine (2) .20 (2) 1.40
196 N'-(4~( (6~-Bromo~2-pyridinyl)thio) (1) .20 (1) .77 0
phenyl)-N,N-dimethyl urea (2) .20 (2) .96
CuS0,*5H,0 (1) .20 (1) .08 91
(2) .20 (2) .o8
Control No. 1 (x) .20 (1) .88 .
(2) .20 (2) .92
Control No. 2 (1) .20 (1) .68 .
(2 .20 (2) .75
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LABORATORY SCREENING TESTS
AILGAECIDAL ACTIVITIES OF SELECTED TEST COMPOUNDS AGAINST Anabaens flos-aquae
FOR EXTENDED PERIODS
Test Concentration -- 0.8 ppm

O-day O+k4 days % 0+7 days  O0+10 days %
Compound Number and Name R,I.* R.I.* Control R.I.* Control
198 p-(p-Nitrophenylthio) phenol 0.20 0.53 0 0.88 0.87 22
199 1-((L4-Nitrophenyl)methyl) piperidine 0.20 0.49 0 0.87 1.14 0
200 (5-Chloro-2,4-dimethoxyphenyl)-carbamic 0.20 0.56 0 1.12 1.17 0
acid, 2,4,5-trichlorophenyl ester
201 2,4-Dibromo~3-methyl-6-nitrophenol 0.20 0.52 0 1.05 1.15 0
202 2,h—Dichloro-3—methyl-6-nitrophenol 0.20 0.53 0 1.02 1.16 4]
203 N-Bromophenyl-2-chloroacetamide 0.20 0.53 0 1.00 1.1k 0
204 h4-((6~Fluoro-2-pyridinyl)=thio)phenol 0.20 0.58 0 0.98 1.15 0
205 1-Chloro-2-(methylsulfonyl) ethane 0.20 0.52 0 0.89 1.1h 0
206 2,4,5~Trichloro-3-methyl-6-nitrophenol 0.20 0.5k 0 0.94 1.1k 0
Control No. 1 0.20 0.56 - 0.85 1.13 -
Control No. 2 0.20 0.L45 - 0.80 1.12 -

*gveraged fluoromicrophotometric relative intensity readings
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Chowan River - First Test

NOs-~-N
microgram-atoms per liter

Sample O-day  O+2 days 043 days O+hi days O+5 days O+1l1 days
Ambient River Water - 0.30 0.25 0.21 0.09 0.23
Control Vessel No. 1 0.80 0.31 0.18 0.25 0.16 0.29
Control Vessel No. 2 0.36 0.35 0.22 0.46 0.29 0.k2
Compound No. 23 - 0.8 ppm 0.81 0.26 0.12 0.1h 0.4k 0.28
Compound No. 23 - 1.6 ppm 0.60 0.66 - 0.85 0.26 0.h7
Compound No. \73 - 0.8 ppm 0.28 0.18 0.45 2.0k 0.11 0.ks

Compound No. 73 - 1.6 ppm 0.16 0.12 0.26 0.27 0.19 0.h47
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Chowan River - First Test

NHy-N
microgram-atoms per liter

_Sample O-day  0+2 days 0+3 days O+4 days O0+5 days 0+11 days
Ambient River Water - 2.85 2.50 5.52 2.19 3.12
Control Vessel No. 1 2.88 2.98 3.26 10.78 2.98 4. 46
Control Vessel No. 2 2.43 L.36 2.95 6.08 3.57 9.58
Compound No. 23 - 0.8 ppm 8.52 5.73 5.80 4.29 4,56 5.15
Compound No. 23 - 1.6 ppm 9.51 11.40 7.31 6.01 3.7h 10.1
Compound No. 73 - 0.8 ppm 2.4 3.70 5.97 4.02 2.78 5.15

Compound No. T3

1

1.6 ppm 3.36 2.67 3.36 3.19 3.67 5.60
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Chowan Riwer - First Test

KQ2-N
microgram-atoms per liter

Sample O-day 0+2 days ©0+3 days O+h days O+5 days O+1ll dsys
Ambient River Water 6.07 0.08 0.09 0.07 - 0,08
Control Vessel No. 1 0.08 0.08 0.07 0.08 0.07 0.08
Control Vessel No. 2 0.08 0.09 0.09 0.09 0.08 0.08
Compound No. 23 - 0.8 ppm 0.32 0.18 0.27 0.09 0.07 0.09
Compound No. 23 - 1.6 ppm 0.h4 0.78 0.32 0.10 0.08 0.08
Compound No. T3 - 0.8 pmm 0.08 0.1k 0.08 0.08 0.07 0.09

Compound No. 73 - 1.6 ppm 0.07 0.13 0.08 0.08 0.09 0.08
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Chowan River - First Test

REACTIVE POy
microgram-atoms per liter

Sample O-day  O+2 days O0+3 days O+h days O+5 days 0+11 days
Ambient River Water - 0.2k 0.26 0.3k 0.26 0.ko
Control Vessel No. 1 0.68 - 0.16 0.46 0.26 0.5h4
Control Vessel No. 2 0.22 0.58 0.26 0.k48 0.48 0.72
Compound No. 23 - 0.8 pmm 0.58 0.16 0.1k 0.35 0.1h4 0.L48
Compound No. 23 -~ 1.6 ppm 0.6k 1.36 0.10 0.66 0.36 1.06
Compound No. T3 - 0.8 ppm  0.8% 0.20 0.30 0.38 0.32 0.56
Compound No. 73 - 1.6 ppm 0.16 - 0.26 0.26 0.3k 0.36 0.Th
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Chowan River ~ First Test

TOTAL FILTERABLE POy
microgram-gtoms per liter

Sample O-AQy 0+2 days ~ 043 days O+l days O+5 days 0O+11 days
Ambient River Water -— 0.80 0.66 0.9k 0.96 1.2k
Control Vessel No. 1 1.80 0.8k 1.20 1.2h 0.78 1.22
Control Vessel No. 2 0.70 1.k6 0.90 1.38 1.10 1.50
“ompound No. 23 - 0.8 ppm 1.1k 0.7k 0.k 1.38 0.90 0.96
Compound No. 23 - 1.6 ppm 1.1% 2.84 0.6k 1.50 1.06 2.10
Compound No. 73 - 0.8 ppm 1.50 0.94 1.16 1.20 0.84 1.10

Compound No. 73 = 1.6 ppm 1.20 0.86 0.€6 0.9h 1.06 1.7h
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Chowan River - First Test

TOTAL UNFILTERABLE POy
microgram-stoms per liter

Sample O-day  O+2 days O+3 days O+L deys O+5 days 0+l1 days
Ambient River Water -— 2.7k 2.30 2.60 2.5h 3.10
Control Vessel Neo. 1 2.68 3.1k 2.24 2.58 2.72 3.54
Control Vessel No. 2 1.96 3.30 2.16 3.06 2.62 4,00
Compound No. 23 - 0.8 ppm 2.16 2.76 2.30 2.80 2.36 3.40
Compound No. 23 - 1.6 ppm 2.2h L.46 2.36 3.%0 2.76 5.10
Compound No. 73 - 0.8 ppm  3.50 2.20 2.52 3.00 2.56 3.54

Compound No. 73 - 1.6 ppm 2.24 2.1h 2.02 2.90 3.12 3.56
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Chowan River - First Test

TOTAL CHLOROPHYLL
microgram-atoms per liter

Sample C-day 0+2 days O+3 days Otk days O+5 days O+11 days
Ambient River Water 12,43 33.8L 22.34 27.00 2h.61 17.17
Control Vessel No. 1 11.02 10.01 25.57 22.49 21.70 22.97
Control Vessel No. 2 7.15 21.08 22.3k 26.16 19.2k 40.08
Compound No. 23 - 0.8 ppm  6.80 8.33 k.00 32.66 28.62 28.78
Compound No. 23 - 1.6 ppm 1.4%0 4.80 3.40 22,42 26.98 31.03
Compound No. 73 - 0.8 ppm 36.58 7.11 7.01 31.50 16.03 30.83

Compound No. 73 - 1.6 ppm 11.08 3.38 4.4y 14,50 17.96 28.63



Chowan River - First Test

enellum AND QOscillstoria
(cells/liter x 10°)

Semple O-days O+l day O+h daye  O+11 days
. 45 o 48
Ambient River Water 3 "2 58 2{’
52 70 106 120
Controls (Avg.) 11 1 11
Compound No. 23 - 0.8 ppm ']2_% Lg 2% -
88 2 3L
Compound No. 23 - 1.6 ppm ) 3 > -
Compound No. 73 - 0.8 ppm % 'Li ']% 2%
_ 36 2 X 3
Compound No. 73 - 1.6 ppm 10 0 25 T

KEY : Agmenellum

Oscilletoria
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Lake Sallie - First Test
TEMPERATURE AND pH VARIATIONS

Sample O-days  0+2 days Otk days  O+6 days
Ambient Lake Water 2 '2"2_:'3 23_"8 2_2_._8_
Control Vessel No. 1 - -- - -
Control Vessel No. 1 gg_% _z_lg_g '2'%% _2_%;%
Compound No. 23 - 0.8 ppm gg“’g‘ g%"g' 2§ _2%%
Compound No. 23 - 1.6 ppm gg‘% %“g‘ . 22: 2%_8_
Compound No. 73 - 0.8 ppm gg"% gg_.% g%-% gBL%
Compound No. 73 - 1.6 ppm gg_oi g%’% ?_g—g_ EL%
KEY: 12 I.JHV ¢
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Sample

Lake Sallie - First Test
AVAILABLE AND TOTAL PO, (ug/1)

Ambient Lske Water

Control Vessel No.

Control Vessel No.

Compound No.

Compound No.

Compound No.

Compound No.

23

23

73

73

r

KEY : Aveil. POy

Total POas

1
2
0.8 ppm
1.6 ppm
0.8 ppm

1.6 ppm

0-days 0+2 days 0+k_days
0.10 0.01 0.130
0. 0.543 0.43
0.10 0.320 0.0
0.LT O.ES 0.3
0.032 0.020 0.0
0. 0.1:3 0. 5
0,10 0.082 0.10
0.60 0.30 0.43

:E

Q

-

ofo

U= W
(=}

ojo

. id

Wi
O

0.10 0.1l 0.020
0.62 0.49 0.43

198

ojo ojo ojo
- E ]
(=
(73]

oo

.

£

Wwlo

[P

S
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Lake Sallie - First Test
NO,-N and NOs-N (ug/1)

Sample ~ O-days 0+2 days = O+4 days 0+6_days
Ambient lLake Water 0 o __ 0 0 >
0.015 0.0L7 0.01% 0,01k
Control Vessel No. 1 - — - -
Control Vessel No. 2 %_BIE %—O—ﬂ_ 8 037 gg'%
- 0 0 0 0
Compound No. 23 - 0.8 ppm 0.017 0.050 0.1% 0.015
0 0.001 0 0
Compound No. 23 - 1.6 ppm 0.015 0.016 0.015 0.01%
Compound 0.8 0 0o 0.002 0
ompound No. 73 - 0.0 ppm 0.01% 0,01k 0.01% 0.01k
- 0 0 0 0
Compound No. 73 - 1.6 ppm  TTHL  .610 0.0k 0.01%
. KOz-N
KEY: 05—
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Lake Sallie - First Test
COs AND HCOs (ug/l)

Sample O-days  0+2 days O+l days 0+6_days
Ambient Lake Water 20 2 Lk _.2§.
155 1'53'2' Ny 132
Control Vessel No. 1 - - - —
Control Vessel No. 2 ig% i%g I;:% i%g
Compound No. 23 -~ 0.8 ppm i22 i%% 'i% i%g
Compound No. 23 - 1.6 ppm ig% '.'L%% -fg—g- 'f%
Compound No. 73 ~ 0.8 ppm -]-.-12‘-3- i%% i—g—% igg
Compound No. 73 - 1.6 ppm 'i%% 1%% T’ﬁ% i%g'
CO3
KEY 0
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Sample

Ambient Lake Water

Control Vessel No. 1

Control Vessel No. 2

Compound No.

Compound No.

Compound No.

Compound No.

23 - 008 Ppm

73 - 0.8 ppm

73 - 1.6 ppm

Leke Ssllie - First Test
" NHa-Nitrogen

O-days 0+2 deys O+l days 0+6 days

0.080 0.065 0.035 0.105
0.050 0.030 0.035 0.060
0.115 0.055 0.035 - 0.090
0.1k0 0,050 0.035 1.80

0.015 0.030 0.035 0.080
0.065 0.080 0.065 0.090
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Muskrat lLake - Second Minnesota Test
NH 3~ NITROGEN

Semple

Ambient Lake Water

Control

Compound No. T3
Compound No. T3
Compound No. T3

Compound No. T3

3.2 ppm
1.6 ppm
0.8 ppm

0.4 ppm

O-days

202

0.065
0.065
0.080
0.050
0.050

0.050

0+9 deys
0.100
0.065
0.155
0,065
0.115

0,065



Muskrat Lake - Second Minnesota Test
TEMPERATURE AND pH VARIATIONS

Sample . o-deys 0+9 days
Ambient Lake Water %—% '2'3"1_?'
Control g'lé‘;% Q_g_g'
Compound No. 73 - 3.2 ppm . '2%—2,‘ g%'.%
Compound No. 73 - 1.6 ppm g"g—.% '2'%:_%
Compound No. 73 - 0.8 ppm 2—?3:—% 2‘3‘%
Compound No. 73 - 0.4 ppm %—% '2‘8'.‘(1)‘
KEY : tem;g.P.Hg‘?C2
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Muskrat Lake - Second Minnesota Test
NO.-N AND NOs~N (ug/1)

Sample ' 0-day 049 days
Amblent Lake Water gTIF 5~5§§

Control

Compound No. 73 - 3.2 ppm

Compound No. 73 « 1.6 ppm

Compound No. 73

0

0.1%

0

0.1%
, 0
0.8 ppm  F-1g .01
Compound No. 73 = 0.4 ppm %“TF

KEY : %%f;%
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Muskrat Lake - Second Minnesota Test
COs AND HCO, ALKALINITIES (ug/l)

Compound No. 73 - 0.4 ppm

. CO
KEY: ﬁﬁ&:

205

|2

(=
Wi
O

Sample 0-day  0+9 days
Ambient Lake Water T%% I%%
Control I%g 1%%_
‘Compound No. 73 - 3.2 ppm Tg% T%%
Compound No. 73 - 1,6 ppm i%% ﬁ%
‘ ] 6

Compound'No. 73 - 0.8 ppm 135 '1_1%
60

115



Muskrat Lake - Second Minnesota Test
SOLUBLE AND TOTAL PO, (ug/l)

Sanmple . O-day 0+9 days
Ambient Lake Water %f% %:H
Control %fg %fgi
Compound Né. 73 - 3.2 ppm %f% %f%é
Compound No. 73 - 1.6 ppm %fg- %f%g
Compound No. 73 - 0.8 ppm 2.6 9.23

Compound No. 73

ok
Ho
~3 -3
n

0.4 ppm 3

Soluble PO,

KEY: T5tal 0.

206



Diam.o,nd Lake - First Test

GREEN ALGAE - Staurastrum & Gloeocystis
(cells/ml) ‘

—Sample O-days O+l day 0+2 days  0+3 days
Ambient Lake Water ,‘1)-1:'5 %% ,i_g_:%_ 7%_:_%
Control Vessel No. 1 1;: < %‘2‘% %%% lg_-%
comoma to. 73 -0 3m B2 BL B #E
Compound No. 73 -~ 0.8 pmm %g—]é’- ]3'—2-% %it-:g %.5
Compound No. 73 - 0.8 ppm* 11:8 %% 10:2 %g_._g_
Compound No. 73 - 1.6 prm %%% %%-:—'2‘- %‘%% .
Compownd No. 73 - 3.2 pm 5% %?r-,f- %g_:% %‘%

#Solubilized in methyl alcohol

, Staurastrum
KEY; Gloeocystis

207



Diamond Lake -~ First Test

Fragilaris AND Eudorina-
(cells/ml)

Sample O-days 0+l day 0+2 days 0+3 days

Ambient Lake Water g—% éngt %—% %—g
Control Vessel No. 1 %:5 gf% %f% 1%'

Compound No. 73 - 0.4 ppm %—— —35-—]8‘- g—g Tg-'—%
Compound No. 73 - 0.8 ppm -8——— %—5— %’1 1%%
Compound No. 73 - 0.8 ppm* %f-;ﬁ %% g—'g 2—%
Compound No., 73 - 1.6 ppm {i—g %—FL %—-g— -g—l
Compound No. 73 - 3.2 ppm %—2 %g— —g—% -g—-g—

¥Solubilized in methyl alcohol

. Fragilaria
KEY: Eudorina
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Diamond Leke - PFirst Test
DISSOLVED OXYGEN AND TOTAL ALKALINITY LEVELS

ppm/(mg/1)
Sample O-deys O+l day  O+2 dsys  0+3 days

Ambient Lake Water 8.2 e e 8.5

17.0 15.0 17.0 17.0
Control Vessel No. 1 i%?% i%?% i%f% i%_%
Compound No. 73 - O.4 ppm %:%— I%.% 1%% _J%_g_
Compound No. 73 - 0.8 ppm '1%% % i%% Ré:‘g'
Compound No. 73 - 0.8 ppm* iﬁ%%; igf%- I%f% i%?g
Compound No. T3 - 1.6 pm -1-2—% R?-’% T’?—% 1_3_'%
Compound No. 73 - 3.2 ppm i%f% I%ﬁ% 1822 i%fg

*Solubilized in methyl alcohol

KEY: dissolved oxygen
' total alkalinity
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APPENDIX D

COMPOUND pH-DEPENDENCE
AND PERSISTENCE TESTS
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Serial Number

pH SENSITIVITY TESTS ON COMPOUNDS NO. 23

(2,3-DICHLORO-3,A-DINITROTHIOPHENE) AND NO. 73 (P-
CHLOROPHENYL—2-THIENYL IODONIUM CHLORIDE) AGAINST Anabaena
Test Compound Concentration - 0.8

and pH Value

23
pH

23
pH

23
pH

23
PH

73
pH

73.

pH

73
pH

73
pH

6

o1 =~ | (o 0 | O i <ol |

\O

- pH 6

control

pH 7
control

pH 8
control

pH 9
control

pH 6
control

pH 7
control

pH 8
control

pH 9
control

211

ppm
Initlal Final
Relative Relative
Intensity Intensity
.20 .013
.20 1.15
.20 ,018
.20 1.18
.20 .020
.20 1.10
.20 . 025
.20 1.09
.20 .032
.20 1.40
.20 .021
.20 1.10
.20 .023
.20 1.18
.20 .026
.20 1.10

Percent
Control

100

100

100

100

/100

100

100

100



cgtle

Concentration (ppm)

1.5

0.5

Depletion of Compound No. 73 Under
Natural Open Environmental Conditions

Location: Lake Sallie, Minnesota
Time : July 10-16, 1973 - first treatment

P----—- oEd S aEbaED oub G GEp TE O I - T

esemae» Theoretical initial concentration

-seeses Monltored concentration in test vessel

1 2 3 b 5
Elapsed Time (days)
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Concentration (ppm)

2.0

[
U

o
o

o
wn

Depletion of Compound No. 23 Under
Natural Open Environmental Conq;tiops

Location: Lake Sallie, Minnesota
Time : July 10-16, 1973 - first treatment

Do Gub GNP GEP WD SIS GED GED CED GUP G0 QI GND GEP G D GIS GED NP G a»

o eem ee Theoretical initial concentration

— MOnitored concentration in test vessels

! ) O S ——
2 3 b 5 6
Elapsed Time (days)



hice

2.0

1.5

Concentration (ppm)

0.5

Depletion of Compound No. 23 Under
Natural Open Environmental Conditions

Location: Chowan River, North Carolina
Time : June 15-26, 1973 - first treatment

p_-_—-----——-——-—--

aw aw eame Theoretical Initial Concentration

o Monitored concentration in test vessels

1 2 3 4 5
Time (days)



g1

Concentration (ppm)

2.0

1.5

1.0

0-5

Depletion of Compound No. 73 Under
Natural Open Environmental Conditions

Location: Chowan River, North Carolina
Time : June 15-26, 1973 - first treatment

Do o o o = = ——— - — —————

o omem Theoretical initlal concentration

emsemssme Monitored concentration in test vessel
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APPENDIX E

Ochromonas STORAGE AND ACTIVITY
ENHANCEMENT STUDY
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Ochromonas STORAGE AND PERSISTENCE STUDY

Parameters:

I. Two species (O0. ovalis and O. bastrop)

-I1I. Seven types of media or imbibing substances
* Gorham's medium

* Liquid and solid nutrient agar
* Topsoll

* River silt

¢ Charcoal

¢ Polyester fibers

e Cotton fibers

ITI. Four states
e Liquid
» Dried or partially dried (wet)
e Sterile
¢ Non-sterile

IV. Three temperatures (all 1n total darkness)
e Room temperature (23°C)
« Refrigerator temperature (10°C)
« Freezer temperature (-4°C)*

V. Storage period - 15 days; subsequent incubation period
3 days '

#Samples subjected to below freezing temperatures are not
tabulated because in no case did any of the Ochromonas survive.
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Ochromonas STORAGE AND PERSISTENCE STUDY

At 0+70 Days

Conditions Which Produced Positive Results

Topsoill - refrigerated, sterilized, - molst
Topsoll - room temperature, sterilized, moist
Activated Charcoal - room temperature, dry
Activated Charcoal - refrigerated, molst
Activated Charcoal. - room temperature, moist
Solid Nutrient Agar - room temperature
Liquid Nutrient Agar - refrigerated

Ligquid Nutrient Agar - room temﬁera;ure
Polyester Flbers - room temperature, dry
Polyester Fibers - room temperature;gmoist
Cotton Filbers - room tefiperature, dry

Cotton Fibers - refrigerated, moist

Cotton Fibers - room temperature, moist
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Ochromonas LONGEVITY STUDY

Condltions Which Produced

Positive Results at O0+44 Days 0. ovalis 0. bastrop
Activated charcoal - refrigerated - moist + -
Activated charcoal - room temperature, + +

moist
Solid nutrient agar- room temperature + +
Liquid nutrient agar - refrigerated + +
Polyester fibers - room temperature, - _
dried
Cotton fibers - room temperature, moist + -
Cofton fibers - room temperature, dried + +

219




0ce

INFLUENCE OF TEST COMPOUND NO. 119 —VN'-(H-((6—bromo—2-pyridinyl)oxy)phenyl)-N,N-dimethylurea
AT 0.2 PPM ON THE PHAGOCYTIC ACTIVITY OF FQUR SPECIES OF Ochromonas

CELL COUNTS.
0 - .days 0 + 1 da 0 + 2 days 0 + 6 days Percent

Species (M) x10° (Och;xlO' M)x10® (Och)x10 (M)x10° (Och)x10* (M)x10° (Och)x10* Control
0. bastrop+(M)+(T) 0.84 1.0 0.48 2.3 0.0 7.0 0.0 11.0 100
0. danica+(M)+(T) 0.84 1.0 0.61 0.35 0.22 0.80 0.0 10.8 100
0. malhamensis+ 0.84 1.0 0.74 0.20 0.76 '0.80 0.09 5.3 o8

(M)+(T) .
0. ovalis+(M)+(T) 0.84 1.0 0.0U 4.1 0.0 6.0 0.0 2.0 100

Controls
0. bastrop+(M) 0.84 1.0 0.63 0.35 0.03 .5 0.0 12.2 100
0. danica+(M) 0.84 1.0 0.42 0.40 0.53 2.60 0.34 2.0 g2
0. malhamensis+(M) 0.84 1.0 0.90 0.50 1.10 0.45 0.75 _ 11.2 82
0. ovalis+(M) 0.84 1.0 0.07 3.5 0.0 8.6 0.0 8.2 100
(M) only
Culture No. 1 0.84 —_ 1.20 —_— 1.20 - 4,35 —_ -_—
(M) only
Culture No. 2 0.84 — 1.16 - 1.06 -_— k. 25 - —
Key.

(M) = Microcystis
(Och) = Ochromonas
(T) = Test chemical
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INFLUENCE OF TEST COMPOUND NO. 114 - N, N-diethyl-2-2 (2,4,5-trichlorophenoxy) ethanamine
AT 0.2 PPM ON THE PHAGOCYTIC ACTIVITY OF FOUR SPECIES OF Ochromonas

CELL COUNTS

0 - S 0+1 -0 + 2 days 0 + 6 days Percent
Species (Mx10° (Och)x10® (M)x10° (Och)x10 (M)x10° (Och)x10* ?ﬁ?iiﬁ“?ﬁéﬁ%iiﬁ“ Control

0. bastrop+(M)+(T) 0.84 1.0 1.08 0.25 1.08 <.01 1.65 9.5 61

0. damicat+(M)+(T) 0.8 1.0 1.07 0.20 0.97 <.01 1,74 15.1 59

0. malhemensis +  0.84 1.0 0.88 0.20 1.13 <.01 2.58 0.15 4o
(M)+(T)

0. ovalis+(M)+(T) 0.84 1.0 0.91 0.25 1.05 .10 0.08 6.3 98

Controls

0. bastrop+(M) 0.84 1.0 0.63 0.35 0.03 4.5 0.0 12.2 100

0. danica + (M) 0.84 1.0 0.42 0.40 0.53 2.6 0.34 2.0 92

0. malhemensis+(M) 0.84 1.0 0.90 0.50 1.1 0.45 0.75 11.2 82

0. ovalis + (M) 0.84 1.0 0.07 3.15 0.0 8.6 0.0 8.2 100

Second Order Controls (Microcystis only)

(M) only -

Control No. 1 0.8l -— 1.20 - 1.20 - 4.35 — -
(M) only -

Control No. 2 0.84 -_— 1.16 - 1.06 —_ 4,25 —— —_—
Key:

(M) = Microcystis
(Och) = Ochromonas
(T) = Test compound
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