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FOREWORD

QLA

The current focus of attention on the natural enviromment has
pointed up the fact that more information is available on the effects

of herbicides on the enviromment than of most other chemicals. This is
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primarily due to the environmental considerations that were necessary

1

for the rcsearch and development of these chemicals and, coincidently,

y

that most herbicides are applied in water solution and are biodegradable,
Available data show that most crop plants that are treated with

herbicides absorb only a small amount of chemical, and that most of

o AT e RS TR

these residues are rapidly eliminated from the animal body by the

excretory system. Moreover, the animal body is able to metabolize

53 Dias rks

and/or detoxify these chemicals gt the levels of residue that are in-

gested under recommended treatment applications.

T 1Y " 4 M SIS

Research studies (1968 through 1972) that are swamarized in this

e vt TS

report were initiated to (a) minimize the amount of herbicide neces-
sary for efficacious control, (b) maximize the Lrealment application
for a specific target species, and (c¢) modify the system application

for more complete control of the targel species. Even though these

CRARTIRE, 2V YR TS

goals have not been fully achieved; substantial progress has been made.

e

It seems reasonable to anticipate that these pgoals will be met in the
near future.

During the past decade, it has been a popular political assault
to condemn herbicide manufacturers, agricultural and industrial users,
and the research scientists who have developed these chamicals, but
there is no real evidence to support this position. Indeed, the public

interest has been well protected by dedicated and honest men who have
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sought to accomplish these difficult poals throupgh lon;; and tedious

efforts, mouivated by a deep sense of public scrvice.
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The Corps of Engineers involvement in this research effort stems
from the adverse effects these obnoxious aguatic plants have onh navipga-
tion as outlined in the legislation of the River and Harbor Acts, first

e fracd 45

approved by the Congress in 1899, Authority ftor the present prooram

is delineated in section 302 of the 1905 act, for control of aquatic

3
plants in the interest of navigation, flood control, drainage, and
recreation.,

Edward O. Gangstad, FAIC
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CONTROT.TED-RELEASE 1BRRICIDES*

by

Bdward O. Gangstad, Ralph 1.

3 Scott, Jr., and Raymond G. Cason¥¥

g PART It INTRODUCTION

;5 Aquatic Weed Control

1, 1. Since the beginning of irrigated agriculture, man has strug-
: gled with aguatic weeds to control them by hand-clearing methods.

% “During the pasl decade rescarch efforts have been focused primarily on
¥ herbicides, and many thousands of new chemicals have been evaluated.

%’ From this evaluation, only a few have been successfully applied. The
; present responsibility of the aguatic weed sclentist is to research

? herbicide applicalion methods that will cause as little harm Lo the

?V environment as possible. The problem is made extremely complex by

; many interrclated ecological factors. The program reported herein is
: an attempt to bring together a number of related phases of the study for
1 a more adequate evaluation of the total problem.

Level of Application

2.

One means of accomplishing this objective is to devise appli-

cation technigues that result in low levels of herbicldes in water, and

* Contribution of the Planning Division, Directorate of Civil Works,
Office, Chief of Engineers, Washingion D, C. Preliminary report
presented to the Weed Science Soclety of America Meeting, New
Orleans, La., 13-15 Teb 1968,

Chief, Aguatic Plant Control Programn, DAFN-CWP-V, Washington D. C.;
Plant Physiolosist, Department of Defense Safety Board, formerly
with the Corps of Engineers; and Agronomist, U. S. Agency for Inter-

national Development, Lima, Peru, formerly with the Corps of
Engineers, respectively.
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retain low concentrabions for veriods long cnough to kill undesirsbie
aquatiec vegetation. Results from preliminary studies show that guit-
able carrier systems can be developed that will contlrol ihe release of
herbicides in an aquatic environment. The seriousness of the present
aguatic weed problem makes it imperative that all possible means be
explored to solve the problem. For this reason, the U. S. Army Corps
of Engincers supporied a proposal by the U, 8. Depariment of Agricul-
ture, Field Plantation Laboratory, Fort Lauderdale, Fla., on the study
of carrier systems involving; polyvinyl chloride, rubber elastomers,
clay, and other materials that might become available. Other contracts
were made with the U. S. Army Environmental liygiene Agency, Edgewood
Arsenal, for the formulation of plastomer carriers and with the Univer-
sity of Akron for elastomer carriers. Critical lecvels of herbicide in
the water after treatment as related to concentrailions normally used in
the control of water hyacinth and other agquatic plants were studied at
the University of Southwestern Louisiana, both in the laboratory and in

the field.

rn




i A4

o

PART TI: TROGRAM DIVELOPMENT

T ehnique of Application

3. The carliest report on the use ot herbicides on carricrs was

by Cborn et al., 1954, who used 2,4-D pellets for the control of

Potamopelon. Since that time, the use of granular formulations of

herbicides has become gquite common. The primary purposc in applying
herbicides in granular form is for sclective placement. The main types
of granules are sinking granules that release the herbicide near the
bottom for the control of submersed plants and floaling granules that
release Lhe herbicide at the water surface for control of floating and
emergent vegetation. The concept of releasing chemicals stowly over
long periods of time is fairly new. This technique was {irst used o

control mosquitoes, barnacles, and snails.

Fort TLauderdale Program

L, Research by the U, S. Deparimenit of Agriculture at Fori Lauder-

dale on the use of herbicide carrier materials for control of aquatic

weeds has been in progress since 196h. A number of sinking and floating

granules incorporating various herbicides for control of alligator weed
and water hyacinth have been evaluated. In other studies, obscrvations

were made of the control of the submersed plant Hydrilla verticillata

by mechanical mowing of dense growths of the plant and then application
of weighted formulations of herbicides near ilhe bottom. This method
also reduced the amount of chemical needed for control.

5. A 2-yr cooperative study with the Corps of Engineers was
initiated in July 1968 to assess the technique of vonal applications of

herbicides. The first year of the study involved investications of the

effects of herbicides applied to isolated regions of intact plants. The

results of these investigations showed ihat translocation of herbicides

.
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did not occur in the submersed plants studicd, and that control ot

these plants required total contact of plant and chemical. Control

ol Tloating water hyacinth, however, can be oblainea throupgh herbicide

treatments to either rool or shoot rones. , '
0. Research on the uge of slow-releasc matlerials for control of

aguatic plants has been in progress tor approximutely 2 yr. Palyvinyl

chloride, rubber, and clay pellets containing herbicides, as well as i

cncapsulation of herbicides, are some of Lhe formulations prosently
being evaluated in this program.

i 7. Some prcliminary results indicate that there is a definite

E ; advantagse in ihe use of slowly released herbiecides. A glow-releasc

: clay pellel of the amine salts of endothall showed promise for control
i : of hydrilla. A clay pellel of endethall plus copper sultale is cur-

l rently being evaluated. Fnecapsulations of Diguat, endothall, copper

sulfate, and other herbicides were evaluated in the laboratory and

outside growth pools, and now are beling cvaluated in ihe field.

e

8. Preliminary results from static water bicassays indicate that
herbicides are released from polyvinyl chloride carriers at rales

sutficicnt Lo build up toxice concentrations in the plant tissues. Un-

PRSPPI TV R

less these materials are to be used only under static water conditions,

the critical tests will be in flowing water situations. Relations
' between herbicide concentrations in water and contact time with Lhe

; plant tissue will need to be dctermined in order to design carriers

TSP

with the proper release rates. These dala will be required for each

plant-herbicide combination. With a better wnderstanding of the

relation between concentration and contact time, it should be possible

X 10 increase the probability of achicving satisfactory weed contlrol

under various conditions of water movement.

Research Objective

bl s e i b S

9. Conventional methods for controlling submersed agualic plants
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with herbicides include total volume {reatments. The phytolowic or
lethal concentrations o hovbieides must be reached in ithe entire vol- i
wne of water to obtain effective agquatic weed control. The damage to
nontargel orpamisms--both plant and animal--within a body of water, can
be guite severe, deponding on the toxicily of ihe herbicide. Applying
herbicides in various inert carricrs Lo give slow release over a long
period of time is appealingy ror meny reasons. Rather than having to :
treat the entive volume of waler, it is possible, with selected carri-
ers, to releasce the herbicide near the bottom where the plant growth
criginates and where the propagalting plant orgens are localed. By
g proper Liming of aprlication, it should be posaible Lo prevent the dense
§ growths of aquatic plants by inhibiting or preventing growth early in
§ ihe spring. The proper rclease rate of herbicides Trom the carriers
? theoretically should control sy rurther now prowth thal might emerpe
%‘ from propagating struclurc~s buried in the boltom mud, a location which
é renders them immune from coaventional lrcatments.
g 10. By proper dusign cf release rates. it may be possible to ad- |
g Just the release of the herbicides Lo the rate of absorption of the :
g herbicide by the plants. The amount of chomical in the water at any
% time would be minimal and would reduce the amount. of chemical pollution
? in the enviromment.
% 11, It would be eccnomically advantapeous to treat only a portion
% of the volume of waler in which aquatic weeds are growing, rather than
% the whole voiume of water., Additional operational costs would be re- 1
: duced if fewer freatmenls were roquired Lo control aguatic plants.
E S}ow-Rolcasc Carrier Systems
s 12. The effecliveness ot slow-release formvlations should be :
E evaluated in the laboratory, growlh pool, and field. The advantages
_ that justify this trealment, as listed above, cau regult in better con-
P trol. Objeclives of the rescarch are to: '
:
; i
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Determine the relation between herbicide concentration
and phytotoxicity for different exposure times using
conventional formulalions of herbicides. Utilizing the
the information from these experiments, desipn slow-
release formulations. Fvaluate these formulations for
hervicidal effectiveness under various rates of water
flow.

Compare the various slow-release formulations in growth
pool experiments for effectivencss on eurasian water
milroil (Myriophyilum spicaium), hydrilla (lydrilla
vert}ci]lgﬁé}, and southern naiad (Najas guadalupensis).

Determine the stage of plant growth when slow-release
formulations would be most effective.

Evaluate the most promising formulations in small field
plots, lakes, and canals.

Determine the toxicity of the various formulations to
three species of fishes.
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PART III: RESEARCH STUDLES

Apgricultural Research Center Studies

13. Results of laboratory and pgrowth pool evgluations of
controlled-release herbicide formulations indicate that low-level
release of 2,4-D butoxyethanol ester (BEE) was effective on water
milfoil but not on hydrilla or naiad (see figs. 1 and 2). Of the
herbicides studied only the Fenac formulation could be expected to
maintain a phytotoxic level for a sufficient period of time to prevent
regrowth of water milfoil. Controlled-release formulations were not

toxic to fish. Details of the study are presented in Appendix A.

Edgewood Arsenal Studies

14, Results of laboratory evaluations indicate that polyvinyl
chloride (PC), biodegradable rubber, and encapsulated formulations are
capable of controlled release. The PVC carrier system is not particu-
larly suitable for field application. Several 2,4.D BEE biodegradable
rubber formulations were found satisfactory, and should be considered
for further testing. Preliminary evaluation of encapsulated formula-
tions of the alkanolamine salts of 2,L.D indicate that the products

should also be further studied. Detalled information of this study is
presented in Appendix B.

University of Akron Studies

15. Results of the resegrch program of development of herbicidal
formulations by the Creative Biology Laboratory at the University of
Axron indicate that biodegradable rubber does offer a potential carrier
system for the development of slow-release herbicides. To facilitate
such a mechanism, it was necessary to study chronic toxicities of the -
target species, in order to simulate conditions that would obtain in the
field where such a mechanism was to be used. Additional studies are

needed to correlate these effects with field trials. Preliminary results

[
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of the product development research are presented in Appendix C.

University of Southwestern Louisiana Studies

16. Dissipation of 2,k-D residues in ponds, lakes, bayous, and
other quiescent or slowly moving bodies of water following treatment
to control aquatic vegetation is summarized in Appendix D. TFor the
standard treatment, i. e, 4 1lb acid equivalent per acre, the dissipa-
tion rates are: 48 parts per billion (ppb) decrease in residue for
each 2-ft depth of water treated, 115 ppb decrease in residue for each
10 F increase in temperature above 60 F mean temperature, and 53 ppb

decrease in residue for each 7-day interval of time after treatment.

Fig. 1. Plexiglas spparatus for
phytozone treatments to milfoil
plants growing in a vertical posi-
tion. Gaskets and eicosane isolate
plant regions at the fianges.
Translocation of herbicides in
milfoil is minimal, und effective
treatments must include regrowth
of fragments by a sustained or
recurring application
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Fig. 2. 2,4-D BEE treatments at 2 ppm with
attaclay granules in outdoor pools ‘ ]
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APPENDIX A

EVALUATION OF CONTROLLED-RELEASE HERBICIDAL
FORMUTATIONS FOR AQUATIC WEED CONTROL

U. S. Department of Agriculture
Agricultural Research Center
Fort Lavderdale, Fla,
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EVALUATION OF CONTROLLED-RELEASE HERBICIDAL
FORMULATIONS FOR AQUATIC WEEFD CONTROL*

by

Kerry K. Stewardx*

TR

Laboratory Bioassays. Four of six controlled-rclease
rubber formulations of 2,4-D evaluated on submersed weeds
were effective on water milfoil. One was effective at
1.0 ppmw concentrations. None were effective on hydrilla
or naiad. A sinking granule containing Diquat was effec-
tive on all three submersed weeds, but less effective on
hydrilla than the conventional liquid treatment.

bt

it

the

Growth Pool Biocassays. All six controlled-release
formutations evaluated in outdoor growth pools vroduced
complete control of water milfoil plants by the fifth week
after treatment. The results indicated that only Fenac
could be expected to maintain phytotoxic herbicide levels
in water sufficient to control regrowth of water milfoil.

Herbicide Cont >t Time Versus Concentrabtion Study.
Injury to water milfoil plants iacreased with both in-
creasing herbicide concentration and exposure time. Tt
was determined that 1.0-ppmw concentrations of 2,4-D BEE
in contact with the plants for 48 hr were required for
complete kill of the test plants.

t
I
1
:
b
H

Toxicity of Controlled Release Formulations to Fish.
None of the formulations appeared to be toxic to test
fish. At no point in the evaluations did the mortality

of the treated fish appear significantly higher than that
in the control fish.

Introduction

1. Applying herbicides in various inert carriers for aguatic weed

* Research contribution, U. S, Department of Agriculture, Agricultural
Research Center, Fort Lauderdale, Fla.

¥% Plant physiologist and principal investigator, Plant Sciences
Divigion.
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control is appealing for a number of reasons. Rather than {reating the
entire volume of water, it may be possible, with selected carriers, to
release the herbicide near the bottom where the plant growth originates
and where the propagating structurcs are located. Proper {iming of
application may prevent dense growth of aquatic plants by inhibiting or
preventing growth early in the growing season. Controlled release of
herbicides from the carrier may control any further new growth that :
might emerge from propagating structures buried in the bottom mud, a %
location that renders them immune from conventional treatments.

2. It may be possible to adjust the release of the herbicides to
the rate of absorption by the plants. The amount of chemical in the
water at any time would be minimal and would reduce the amount of chem-
ical residue in the aguatic environment.

3. It would be more economical tc treat only the volume of water
in which the weeds are growing rather than the entire volume of a body
of water. Ccntrolled-release herbicides may add savings in operational
cost if fewer treatments or applications are required.

k. A cooperative program to evaluate the efficacy of controlled-
release herbicide formulations has been in progress since early 1970.
The results of investigations conducted during this period indicated
that polyvinyl chloride (PVC) and rubber formulations of (2,L-
dichlorophenoxy) acetic acid (2,4-D) and PVC formulations of (2,3,6-
trichlorophenyl) acetic acid (Fenac) were sufficiently promising to
war: .1t further study. The results of these and other studies relating
to the concept of aquatic weed control with controlled-release herbi-
cide formulations is the subject of this report.

5. The study was designed to meet the following objectives:

a. To evaluate in the laboratory the phytotoxicity to aquatic
weeds of experimental controlled-release herbicide formula-
tions supplied by cooperators.

l=2

To compare promising formulations in outdoor growth pool
experiments by determining the ability of the various
formulations to maintain phytotoxic herbicide concentra-
tiorns in water during these experiments.
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&. To determine the toxiecity of the controlled-release formu-
lations to different species of fish.

d. To determine the relation between herbicide concentration
and phytotoxicity for different exposure times using con-

ventional formulations of herbicides. The information
from these experiments may be utilized to design formula-

tions with appropriate herbicide release rates.

A,

Laboratory Bioassays .

Methods and materials

6. The basal portions of apical cuttings (4-6 in.) of the sub- '

4
» TP R y Srey o

mersed plants southern naiad {Najas guadalupensis (Spreng.) Magnus),
hydrilla (Hydrilla verticillata Casp.), and eurasian water milfoil

(Myriophyllum spicatum L.) were placed in 2-in. square pots filled with

a sandy loam soil. The potted plants were pliced in l-gsl wide-mouthed

glass Jjars that had been previously filled with 3500 ml of pond water
and fertilized with 5 drops of a 12-6-6 fertilizer.

R Ly T WD RN Ree

The culture jars
were covered with clear plastic wrap to retard evaporation and prevent
contamination from airborne spores.

v L i e el Gl

The jars were then placed in a
temperature- and light-controlled room.

The temperature was maintained
at approximately 25 C.

Light intensity was approximately 200 footcan-
dles (ft-c) with a 12-hr photoperiod.

In approximately 3 weeks, the
plants were rooted and well established in the jars and were ready to be
used in the evaluation tests.

i
3
i

Water hyacinth plants (Eichhornia
crassipes (Mart.) Solms) were collected from local canals and estab-

lished in the greenhousge in 3-gal plastic containers lined with 2-mil

polyethylene bags. Three weeks after being established, plants were

treated with the experimental formulations and placed in another green-
house for observation of herbicidal effects.
7.

The treatment rates used in the evsluations were based on the
weight of active ingredient in the various formulations.

|
|
%

For example,
a 1.0-ppmw rate requires 3.5-mg of active ingredient for 3500 ml of

water. It was necessary to subdivide individual pellets of the

AY




experimental formulations to obtain the small cuantities required

for
low concentrations.

Each treatment rate was replicated a minimum of

three times. The herbicidal effects were recorded at periodic intervals

following treatment. A rating scale of O to 100 was used, with O being

no effect and 100 being & complete kill,
8.

Polyvinyl chloride (PVC) formulations and 6,7-dihydrodipyrido=
(1,2-a:12',1%~c) pyrazinediium ion (Diquat) granules were supplied by

the U, 8§, Army Environmental Hygiene Agency (USAEHA), Edgewood Arsenal,

Md. The rubber formulations were supplied by the University of Akron,

Product Development Laboratory, Akron, Ohioc. Commercial formulations

were supplied by individual chemical manufacturing companies (sece
table Al).

Results and discussion

9. The effects on various submersed weeds of 2,4-D formulated in
rubber are shown in table A2.

10.

The compounds coded 11ACE-Cl, 11ACE-E, 14ACE-B, and 18ACE-B

vere effective on the phenoxy-herbicide-susceplible water milfoil. The

compound 14ACE-B was the only formulation that was effective at l-ppmw

concentrations and can be considered the most effective. Southern naiad

and hydrilla are not normally affected by phenoxy herbicides, except at

very high treatment rates. The 11ACE-E and 18ACE-B formulaticns were

slightly phytotoxic to naiad.

hydrilla,.
11.

None of the formulations affected

The results of evaluations with Diquat granules on submersed

weeds wrc given in table A3. The granules were effective on both

naiad and water milfoil. However, the granules were less effective

on hydrilla than the standard treatment. 1In general, hydrilla is the

most herbicide resistant of the three plants that were tested. Hy-

drills is normally controlled in the laboratory and in the field with

the standard Diquat formwlation at a rate of 0.5 ppmw. The lack of

control with the granuwles at the l-ppmw rate is indicative of inadequate

A6

Experimental formulations were supplied by cooperating agencies.
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Table Al

Composition of Controlled-Release Herbicide Formulations

Formulations

FVC

2,4-D gcid
Base 89A%

Lv-lx

Fenac

Rubber

10ACE-E
11ACE-C1
11ACE-E
14ACE-A
14ACE-B
15ACE-B
15ACE-B- (L)
18ACE-~B
Bouquet

Other

Diquat**

Capsulest

Compositions

30%, by weight, of (2,4-dichlorophenoxy) acetic

acild

30%, by weight, of the technical grade butoxyetha-
nol ester of 2,4~D (69.3% acid equivalent)

30%, by weight, of the commercial grade butoxyeth-

anol ester of 2,4-D (43% acid equivalent).
commercial formulation contains aromatic oil,

diluents, and emulsifying agents.

This

The product

is 0il soluble and emulsifiable in water.

30%, by weight, of technical grade (2,3,6-
trichlorophenyl) acetic acid (70% acid

equivalent)

All rubber compounds were formulated with tech-

nical grade butoxyethanol ester of 2,4-D
(Base 89A, €69.3% a.c.)

15.8% Base 894
12.5% Base 89A
29.0% Base 89A
22.2% Base B9A
22.2% Base 80A
37.5% Base 89A
37.5% Base 894
33.5% Base 89A
20.0% Base 894

10%, by weight, of technical Diquat (100% a.i.) on
a mineral base 8/15 mesh granule

23% acid equivalent, by weight, of alkanol amine
salt (ethanol and isopropyl series) of 2,4-D

*
* ¥

t

K=
-3

Product of Amchem Products, Inc., Ambler, Penn,
Product of GAF Corporation, Research Mineral Products, Hagerstown,
Md.

Product of Minnesota Mining and Manulacturing Co., St. Paul, Minn.
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Table A2

e e ai it

Evaluation of the Herbicidal Activity of 2,4-D
Formulated in Rubber Pellets

| Treat- Avz % Control, Weeks After Treatment
ment ) 7 (3 Replicates)

Formula- Rate Naiad Hydrilla Water Milfoil
; _tion ~ ppmw 2 kK 6 2 kL "6 2 "4 6
E, 10ACE-E 1 0 0 0 0 0] 0 0 0 0
5 0 0 o 0 0 o 0 0 0]
10 2 2 8 0 0] 0 0 2 7
3 11ACE-C1 1 2 2 0 0 0 0 0 5 3
i 5 0 0 o 0 0 0 32 63 87
i 10 0 0 0 0 0 0 50 % 99
11ACE-E 1 G 0 0 0 0] 0 5 18 18
5 23 37 30 5 8 3 82 85 88
10 7 28 ke 5 2 8 W3 93 96
1LACE-B 1 0 0 0 0 0 0 37 83 100
5 0 0 o 0 0 0 43 100 100
10 o] 0 0 0 o] 0 53 100 100
15ACE-B 1 5 ¢ 3 0 0 2 0 3 T
5 3 3 7 0 2 2 3 5 17
10 0 2 0 2 0 0 2 10 8
18ACE-B 1 0 0 0 0 0 0 0 20 30
5 20 22 27 10 7 7 30 43 inn
10 13 10 20 0 o0 5 k7 79 8l
f Control 0 0 0 o 0 0 0 0 0

A8
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Table A3 . ‘}: %
“
¥
Static Weter Bvaluation or Diqual Formulated jn Controlled-Releasc '3
Sinking Granules (10% a.i.) f%
Treat- - _.
ment Avg % Control, Weeks After Treatment (3 Replicates)
Rate Naind ) Hvdrilla Water Milfoil b
Formuletion Py N t &8 2z & 6 & 2 & 6 ki) H
1
1
i
1
i

e}
Granule 1 97 100 100 100 13 Lo 65 67 T 99 100 100 %
evaluation 1 5 91 100 100 100 35 & 95 9 96 99 100 100 i
10 94 100 100 100 25 93 100 100 28 100 100 100 x
Granule 1 98 100 100 == 7 38 70  -- 90 100 100 ~- ;
evaluation 2 5 98 100 100 .- 10 B9 100 -- 8 100 100 . &
10 98 100 100 -- 15 100 100 -- 88 100 100 -~ 8
Liquid 0.5 52 100 100 100 35 98 100 100 10 98 100 100 i
standard : j
, : 1
4 }
herbicide release from the granules. 2
12. The results of evaluations of the Digquat granulces on watler :
hyacinth are given in table A%. In these tests the grahules were com- i

pared with the siandard tormulation applied to the foliage or injected
below the water surfacc. These results indicated thal {the grraules were
not as effective as the standard foliar application. The comparison

with the water-injection treatment indicated that the O.S—lb/A (pound

per acre) rate of the water-injection treatment gave satisfactory con-

:

trol 6 weeks after treatment. In order to obtain comparable results

at

with the granules, a 2-lb/A rate was required. Applying Diqual on a i
granule to conirol water hyacinth would require that the granule be g
floating type since Diguat would be inactivated by bottom sediments if ' i
applied as a sinking granule. The results of evaluations with this )
granule indicated that Diquat was released from the granule at a rate . |
sufficient to produce phytotoxic concentrations in water. The formula-
tion appeared sufficiently prcsising to recommend further evaluations.
13. The results of evaluations on water hyacinth with 2,4-D and

Fenac formulated in PVC and rubber are given in table A5. The cempound

i

coded 18ACE-B was the most effective of the rubber formulations tested.

The next most effective formulation was the compound coded 14ACE-A. 1

A9

| "



ERNNRYPTRAK AR ST T g . TR RO TTUANES (O > - S §
i
:
y
|
Table Ak : ,
Evaluations of Diquet Liquid Versus Granular X E
Formulations on Water Hyacinth ;
]
: Treatment Avg 9 Control, Weeks After 1
3 Method of Rate Treatment (3 Replicates) j
§ _Application _1v/A 1 2 L 6 i
| Foliar spray 2.0 90 100 100 100 i
(1iquid) 1.0 85 9B 100 100 ]
g 0.5 80 95 100 100 ;
| 0.25 70 88 100 100
i 0.125 68 88 100 100
* Water injeclion 2.0 50 80 100 100 ’
(liquid) 1.0 Ls 80 100 100
0.5 20 50 96 100
s 0.25 5 20 L3 89 !
; 0.125 0 0 7 37 ~
| Granular 2.0 20 50 85 99
| 1.0 5 18 25 83
| 0.5 0 8 10 35
i 0.25 o 2 L 7
i 0.125 0 0] 0] 0.7 E
X
; 3
! Control 0 0 0 0
f ~
i A
! q
| 1
j ;
' 3
i
:, \1
A10
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Table AS i
- M
3 Evaluations of the lerbicidal Activity of Slow-Release |
Formulations of 2,4-D and Fenac on Water Myacinth !
% Treatment Percent Control, 1
2 Rute Weeks After Treatment g
é Formulation 1b/A I 2 L G g 10 |
En Rubber 1
& 4
i 11ACE-E 5 0 0 0 0 0 - 1
P 10 0 0 0 0 0 -- !
? 14ACE-A 5 o 0 5 3 3 0 ;
10 1 7 Lo L7 60 68 ;
3 ¢
; 14ACE-B 5 0 0 0 0 0 -- i
: 10 0 0 o} 5 3 -- |
3 15ACE-B 5 0 0 0 0 0 0 :
b 10 0 5 10 10 10 8 {
t :
i 15ACE-B- (L) 0 0 0 0 0 0 ‘
10 0 0 0 0 0 0 ;
18ACE-B 5 0 0 0 0 0 0
¥ 10 3 10 65 S7 100 100 ]
r
Rl Bouquet (20% a.i.) 5 0 0 0 0 0 0 ]
2 10 0 2 13 38 Lo 38 ;
E PYC i
E 30% Fenac 5 5 10 20 Lo 60 - k
B 10 10 17 37 60 80 - ;
E 30% 2,4-D Lv-k 5 0 o) ) 0 0 - ;
) 10 0 0 0 0 0 - 3
#
: 30% 2,4-D Base 89A 5 0 0 0 0 0 -
10 0 0 0 0 o) -
Liquid Standards ;
g
i‘ Fenac 1 50 63 97 98 100 - i
‘ 2 60 75 100 100 100 --
2,4-D 2 15 25 90 98 100 100
t{ L 25 50 98 100 100 100
i
b, Control 0 0 0 0 0 0 0
:Ex ALY
g.
?.
i
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Not one of the remaining rubber formulations was effective. Fenac was
the only effective herbicide within the PVC formulations. Neither of
the 2,4k-I formulations in PVC was effective.

14, Wilkinson* investigated the release of several derivatives of
phenoxy herbicides inte water from clay granules. He oObserved that the
rate and quantity released were greater for the acid than for the bu-
toxyethanol ester (BEE). Increased water solubility was found to be
associated with dncreased rate and quantity of desorption from the gran-
ules. The solubility in water of 2,4-D acid is 600 to 7C0 ppmw (at 20-
30 C). The BEE of 2,4-D is essentially insoluble in water.¥¥

GG My ntn ] 3 31 s -
15. The acid and BEE ivative of 2,)-D on water miifoil were

evaluated to determine if differences in phytotoxicity could be obtained.

Comparisons were made between the acid and BEE fcrmulated in PVC and
the unformulated compounds that werc prepared in acetone and applied to
water in jars. The granmules were formulated of PVC at 30% (a.i.)
concentrations.

16. The resules oif evalualions ol the acid and the BEL derivativec
of 2,4-D on water milfoil are given in table A6. When formulated in PVC,
the acid was wore effective than the ester. There was essentially no
difference vetween the controls and the jars treated with the cster in
e,

17. When applied in solution, the ester was more effective on
water milfoil than was the acid. The ester produced a phytotoxic re-
spongse earlier and at a lower concentration than did the acid. The
injury to the plants in the 0.25-ppmw acid treatments wag probably due
to the acebone since injury in the acetone checks increased in a simi-
lar manner.

18. When formulating 2,4-D in plastomers, there may be an

% R. E. Wilkinson, "Subagueous Release of llerbicides from Granules,"
Weeds, Vol 12, 1964, pp 69-76.

*%  Herbicide Handbook of the Weed Science Society of America, 2d ed.,
Humphrey Press, New York, 1970.
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Table A6

Effects on Water Milfoil of 2,4-D Acid and the BEE Derivative of

2,4-D Applied in Solution and in PVC Formulations

Treat-
ment Percent Control,
Herbicide and Rate Weeks After Treatment
Formulation pImW 1 2 4 6 8 10
Acid in PVC 0.25 3 7 5 7 12 38
0.50 7 13 15 15 15 Lo
1,00 23 30 33 38 4o 65
Ester in PVC 0.25 ) 7 5 5 5 7
0.50 5 5 5 5 ) 13
1.00 5 12 i3 20 10 12
Acid in solution 0.25 0 2 10 10 10 35
0.50 0 ) by 50 68 93
1.0Q 0 5 89 100 100 100
Ester in solution 0.25 0 38 93 98 100 100
0.50 3 &7 75 100 109 100
1.00 0 T3 g7 100 100 100
Acetona check - 2 0 0 10 17 23
(2 ml per gal)
Controls -- 0 3 3 3 3 6

advantage in utilizing 2,b-D acid rather than the ester, since release

into water appears to be greater for the acid than for the ester.

Crowth Pocl Rioassays

Methods and materials

19. Water milfoil plants were collected in August 1970 at Crystal
River, Fla., and transplanted into 1000-gal plastic-lined growth pools
at the Fort Lauderdale Field Station. The basal ends of 9- to 12- in.

cuttings were anchored in 6 in. of a 1l:1 mixture of sand and peat soil
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in the pools. Individuel plants were spaced approximately 3 in. apart.
The water level was raised gradually over a 2-week period to allow the
plants to become rooted. Herbicide treatments were gpplied 15 Oct 1970,
approximately 7 weeks after the pools were planted. Treatments were
applied at 2.5~ and 5.0-ppmw or 10~ and 20-ppmw rates and were repli-
cated three times. Waler samples were taken from all 39 pools in ihe
experiment for analysis of 2,4-D content. These data were to provide
infermation on release rates of the herbicide from the formulations,
persistence of the herbicide in water, and the relation between herbi-
cide concentration in water and phytotoxicity to water milfoil.

20. The sampling and extraction procedures were as follows: A
1-gqt sample was taken from each popi at middepth from three equal in-
tervals around the circumference of the pool. A 250-ml aliquot was
taken from each quart sample of each treatment replicate and
composited.

2l. A 500-ml aliquot of the treatment composite was then taken
for extraction. The pH of samples from BEE treatments was adjusted to
pH 12 with sodium lLydroxide, mixed, and allowed to stand for 30 min.
All samples were then acidified to pH 1-1.5 with concentrated hydro-
chloric acid and then extracted twice with 25-ml volumes of chloroform.
The chloroform extracts were sent to CPT Larry Nelson, kdrewood Arse-
nal, Md., tor analysis.

Results and discussion

22, All treatments in the pool bioassays produced an epinastic
response in the plants after 24 hr. The degree of response increased
with time. After T days, approximately hslf of the 39 pools in the ex-
periment were experiencing a rapid growth of filamentous algal mats at
the water surface. Al this time, infestation and injury to the plants

by the aquatic moth Parapoynx allionealis were also observed in approxi-

mately half of the pools. After 2 weeks, the herbicidal injury to the
plants wag more pronounced. The plants in the pools treated at the

20-ppmw rate had sunk to the bottom of the pools. The plants in the

ALl
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10-ppmw treatments had dropped about halfway to the bottom. Both algal

growth end insect damage had increased at this time. After 3 weeks,

the plants in treated pools were exhibiting various stages of advanced
injury and decomposition. Algal infestation continued to proliforate.
Insect aclivity decreased due to the decreased supply of healthy plants.

23. The quantitative results of the evaluations are given in

table AT7. All formulations at each concentration that was evaluated
produced adequate control of water milfoil by the fifth week. A portion
of the plant injury was due to the adverse growtl conditions mentioned
earlier, This is indicated in table A7 by the progressively increasing

injury rate for the control pcols. However, injury to treated plants

Table A7

Effects of Various Formulations of 2,4-D on Eurasian

Water Milfoil Growing in Outdoor Pools

Treatment Percent Control,

Rate Weeks After Treatment
Formulation ppmw 1 2 3 &_ 5
Base 89A (PVC) 20 Y 53 &8 99 100
10 3 Lo 70 97 100
Lv-4 (pvc) 5.0 4 35 73 97 99
2.5 2 43 65 96 100
14ACE~-B (rubber) 5.0 2 Lo 83 97 100
2.5 2 38 68 96 100
11ACE-~E (rubber) 5,0 2 35 83 96 100
2.5 2 17 77 97 100
Fenac acid (PVC) 5.0 L 35 72 95 100
2.5 2 20 72 99 100
Alkyl amine 5.0 3 35 73 88 98
(encapsulated) 2.5 1 23 70 96 99
Control 0 3 22 L3 81
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increased more rapidly than did injury to the control plants.

2. There was little apparent difference in phytotoxicity between
the formulations or even between treatlment rates. The degree of iajury
was wiform throughout the treatments at each observation period {weeks
atter treatment). The depgree of injury also increased uniformly with
time. This pattern of response is indicative of a rapid release of
herbicide from the formulations and a rapid bulldup to phytotoxic con-
centrations. The lowest treatment rate (2.5 ppm) was more than adequate
to control water milfoil in these tests.

25. After the milfoil plants in the pools were destroyed by herbi-
cides or damaged by adverse growth conditions, it was no longer possible
t0 assay the various formulations for efticacy in maintaining phytotoxic
herbicide levels in the pools. In an altempl Lo overcome this loss,
four water milfoil plants established in pots were introduced into each
pool and evaluated for injury at periodic intervals. The results of
thegse evaluations are given in tables A8 and AD. Ouly the formulations
of Fenac maintained effective phylotoxic concentrations in the pools
(table A8). The potted plants placed in the Fenac-treated pools were
killed in about the same amount of time (4 weeks) required for the
original plants to be killed (table A7).

26. Because persistent residues in the Fenac-treated mools de-
stroyed the introduced plants, it was necessary to continually replen-
ish dead plants with new healthy plants in order to continue the
bioassay. Plants were replaced when no living tissue was discernible.
Since the plants were not replaced at any set interval, the results of
thece biocassays are expressed in table A9 as the average length of time
required for 100% control of the plants.

27. The evaluations were carried out over periods ranging Ifrom
77 to 235 days after the initial treatments. Over this pericd of
time, survival of introduced plants varied from 28 to Uk days. Thesec
results indicale that phytotoxic concentrations of Fenac were being
maintained in the pools through 2395 days after treaiment. The tests

werz terminated at that time.

ALG
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] Table A8 x
% ; 3
# Effects of Various Formulations of 2,4-D on Burasian 3
E‘} Water Milfoll Introduced into Pools T7 Days \
3 After Initial Pool Treatments
L i
: Treat- !
: ment Percent Control, :
Rate Days After Treatment :
{ Formulation ppmw 81 88 95 108 122 136
Rase BuA (PVC) 20.0 3 8 20 35 32 13 :
10.0 5 17 b7 53 53 k7
\ Lv-bk {FVC) 5.0 0 8 Lo 60 70 60
v 2.5 0 7 8 33 h3 18
& 14ACE-B (rubber) 5.0 5 13 18 13 8 10
3 2.5 5 8 12 8 8
§ 11ACE-E (rubber) 5.0 0 7 2 7 5 3
7 2.5 1 & 10 8 0 0
K
i Fenac acid (PVZ) 5.0 7 13 62 98 100 100
E- 25 8 18 6 9% 99 100
E Alkyl aminé 5.0 2 5 50 L1 bt Ly
: (encapsulated) 2.5 1 6 Ls L8 7 L3
Control 0] 0 2 8 5 2
i
R :
E
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Table A9

Days Required to Produce 100% Control of Water Milfoil Plants

Introduced into Fenac-Treated Pools During

Four Evaluation Periods

Evaluation
Treatment Evaluation Injury Evident, Interval
Rate, ppmw ___Period Days After Treatment days*

5.0 1 37 77-123

2 Wy 109-165

3 36 165-207

L o8 193-235

2.5 1 LY 77-137

2 28 123-165

3 36 137-207

L 28 165-235

Note: Injury to plants in control pools during entire evaluation period
averaged 3%.

* Days after treatment during which evaluation period extended.

28. The results of water residue analyses to determine herbicide
persistence are given in table Al10. These data are tabulated in the
order of decreasing persistence and release.

29. PFenac in PVC was the most persistent of all the formulations
tested and was also the formulation that produced the highest residue
level. The 5.0-ppmw treatments produced a 4.l-ppm concentration in the
56-day sample which was 82% of the amount applied initially.

30. The next highest concentration reached in the pools was in the
treatments with the Base 89A (PVC) formulation. A concentration of
2.2 ppmw was measured in the 1lh-day sample and represents approximately
11% of the amount initially applied. The amount of active ingredient
applied in this instance was four times greater than in the Fenac
treatments, but resulted in lower residue levels.

3l. The rubber formulaticn 11ACE-E produced maximum residues of

A18
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0.86 ppuw in the lh-day sample, which represents 17% of the possible

it ke D

treatment maximum. The rubber formulation 1UACE-B also produced a peak
concentration at approximately 14 days. The PVC formulation of LV-h was

next, and the lowest residue levels were obtained from the encapsulated

alkyl amine formulation. These levels were only 2% to 3% ol' the quan-
tity originally applied.
32. Ixcept for the Fenac acid, all residues had disappeared from

water by the 98th day after treatment. The reason for .he disappearance

PO SRR | AT YA T IW e

of the herbicides is not known abt present, but could be due to absorp-

tion by plants and algae, through decomposition, or through
precipitation.

33. The pattern of residue levels in water adds little to the

overall picture. All treatment rates of all formulations were effective,

et 2l M il K6

even the encapsulated amine formulation which produced the lowest resi-

due levels.
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34k, The results of tests completed in FY 70% revealed that herbi-

Pid Dl domre

cide levels in water treated at a li-ppmw rate with Base 89A in PVC were

E o ol

not effectively maintained beyond 7 days. It was recommended that this
compound be evaluated at higher treatment rates to determine if concen-

trations could be maintained for longer periods. A fivefold increase

o - LML o

in treatment rate to 20 ppm resulied in maintaining a higher concentra-

PR 1)

tion in water over the same period. Residue levels were deteclable for
a shorter time in the present tests, however. . i
30« In the FY 70 tesis, residues were deteclted ihrough Lp dayss
whereas in the present test residues were below the level of detection
after the same period. Lxcept Ffor Fenac, none cf the formulations § ;
effectively maintained herbicide levels to 42 days. Residues of Fenac

were still being detected nearly a year after treatment. The persis-

el T ok

tence of Fenac is primarily a function of the herbicide rather than the é

¥ Annual Report for FY 70. Cooperative Investipgations Between the ‘
Corps of Engineers and USDA Aquatic Weeds Investigations. i
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formulations, since Fenac alone has been shown to resist microbial
breakdown and to persist in aquatic habitats for 1 to 2 yr.¥

36. The rasults of the bioassays and of the residue analyses in-
dicate that of the six controlled-release formulations evaluated, only
Fenac could be expected to maintain phytotoxic herbicide levels in

water sufficient to control regrowth of water milfoil.

Herbicide Contact Time Versus Concentration Study

Methods and materials

37. The results of static water bioassays indicate that herbicides
are released from controlled-rclease formuwlation at rates sufficient to
produce phytotoxic concentrations. Unless these materials are to be
used only under static water conditions, the critical tests will be in
flowing water situations. The relations between herbicide concentra-
tions in water and contact time with the plant must be determined in
order to design carriers with the proper release rates. These data are
required for each plant and herbicide combination. The purpose of these
experiments was to obtain information of the relation between the con-
centrations of 2,4-D BEE in water and phytotoxicity to water milfoil
following various periods of exposure to the various concentrations of
herbicide.

38. Apical cuttings of water milfoil were planted in 2-in. pots
containing a 1-to-l sand-peat soil mixture. Each pot held three 3~in.-
long cuttings.

39. In test 1, the pots were placed in 5-gal aquaria in the growth
room. The temperature was 25 C, light intensity was 80-100 [t-c on a
12-hr photoperiod. Water in the aguaria was replaced every 3 days.
After 8 days, appropriate volumes of 2,4-D BEE stock solution were

added to the aquaria to bring the concentration to 0.5, 1.0, 2.5, or

R oo R

% See ¥¥ footnote on p. AlZ2.
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5.0 ppmw of 2,4-D. After 0, 1, 2, 4, 8, 16, 24, 48, or 96 hr of con-
tact, the planis were removed from the aguaria, rinsed in running water
for 30 min, and then placed in gallon jars in the growth room. ¥x-
posure times were replicated three times and consisted of two pots per
jar. Because of the number of jars involved; this test was conducted
in two parts, 11 days apart. The first part consisted of 1- to 8-hr
exposure limes, and the second part of 16- to 96-hr exposurc times, A
second test was conducted in which treatments were applied in outdoor
tanks. Three tanks 86 in. long by 30 in. wide by 19 in. deep containing
190 gal of water were used in the test. Potted milfoil plants were
placed in the tanks and after 2 weeks, treatments of 0.5, 1.0, or

2.5 ppmw of 2,4~D were applied as previously described. Water tempera-
ture at the time of treatment was 18 C. Treatment of the plants, ex~-
posure times, and number of replicates were the same as those in the
first test. Observations were made at weekly intervals to determine
percent herbicidal injury.

Reswlts of test 1

k0. As might be predicted, herbicide injury to the plants in-
creased with increasing concentration or exposure time. Water milfoil
was destroyed after & l-hr exposure to a S5-ppmw concentration of 2,4-D
(table A1l). A L-hr-exposure period was required at the 2.5-ppmw rate.
In one part of the test with the 1.0-ppmw treatment rate, an 8-hr
exposure produced adequate control, but in the second part of this test
no exposure time was adequate, Not one of the exposure times was ade-
quate at the 0.5~ppmw concentration in these tests. g

41. In both the 0.5- and 1.0-ppmw treatments, a difterence in
plant response was observed between the 8- and 16-hr exposure times.
The extent of damage was less for exposure periods of 16 hr or longer
than for the 8-hr exposure. The obvious general explanstion, consider-
ing that the test was separated in time at this point, is that the
experimental conditions were altered in some way. Because of the ap-

parent anomaloug response of the plants to increasing exposure times

AZ22
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Table All

Response of Water Milfoil to Tnereasing leriods of Exposure to
Several Concentrations of 2,4-D (Test 1)

Treatment
Rates of Exposure
2,h-D Time Percent Injury, Weeks After Treatment
ppmy _hy I 2 3 & & & 7 B 9 10
5.0 1 10 17 82 90 93 9% 99 100 100 100
2 1 32 88 95 98 o8 100 100 100 100
L 13 28 92 97 99 99 100 100 100 100
8 15 37 96 98 99 99 100 100 100 100
16 12 37 95 98 99 100 100 100 100 100
2h 18 67 99 100 100 100 100 100 100 100
48 17 80 99 100 100 100 100 100 100 100
96 20 87 99 100 100 100 100 100 100 100
2.5 1 12 13 20 48 &0 87 97 a8 98 97
2 8 15 35 65 88 90 92 93 3 90
Y 17 18 22 77 B 96 99 100 10C 100
8 18 20 78 87 97 97 100 100 100 100
16 13 82 92 ol 99 100 100 100 100
24 10 25 85 9z 93 99 100 100 100 100
L8 15 48 95 g7 99 100 100 100 100 100
96 17 50 97 99 100 100 100 100 100 100
1.0 1 € 712 12 hy 50 &f & B2 '
2 10 10 17 20 60 67 82 87 90 88
i 17 15 27 32 68 78 88 93 96 93
8 17 18 28 38 70 &0 95 99 100 100
il 12 13 27 b7 65 7 60 55 55 53
ok 10 17 27 42 70 75 70 65 60 o)
h8 12 20 38 &7 82 &8 85 85 25 85
96 15 20 57 75 80 90 85 87 87 90
J.5 1 5 5 10 13 27 te} 38 ho L5 6]
2 5 5 10 18 Lo 55 G2 60 58 57
i 10 12 18 28 57 58 53 57 55 52
8 13 13 17 30 63 68 70 73 73 3
16 10 10 15 32 55 67 65 G2 53 55
ok 5 10 17 28 58 70 63 62 58 60
L8 10 12 17 ho 70 85 T 73 7 53
96 13 13 17 37 73 &2 8 65 €0 €D
Controls Part 1 o] 0] 0 2 L 12 12 18 20 20
1-8
Part 2 0 0 0 0 0 0 2 2 b 6
16-96
A23
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al these Lwo concentrations, the {ests were repeated. The rosults of
the sccond tesl arc showvn in table Al2.

Results of test 2

42, In ihis test, as in the provious test, plant injury increased
with both increased herbicide concentrations and exposure times. Maxi~
mum injury to water milfoil with the O.5-ppmw trealment was observed

€ weeks following a 96-hr exposure to the herbicide. The injury rating

Table AlZ

Response of Water Milfoil to Jrhereasing Periods of Exposure

to Several Concentrations of 2,4-D (Test 2)

Treatment
Rates of  Exposure
2,h-D Time Percent Injury, Weeks After Treatment
_ppmw hr i 2 3 4 5 6 1 8 9 10
0.5 1 5 5 7 10 12 23 25 35 28 o8
2 5 5 8 12 12 32 35 L5 ko 38
b4 5 8§ 12 15 17 37 38 45 ko Lo
8 5 10 15 27 ho 53 60 63 55 53
16 5 310 15 33 Ly &8 67 68 63 58
ol 10 12 17 43 58 68 68 73 68 63
48 12 15 23 s 70 77 68 77 73 70
96 15 17 =28 52 82 88 77 78 77 75
1.0 1 5 5 10 13 17 ke 43 53 48 L7
2 7 8§ 10 17 33 43 4o 53 48 L8
I 8 12 15 18 37 43 L5 55 53 50
8 10 13 20 33 50 67 70 67 68 8
16 10 15 22 L8 68 83 87 88 90 92
oL l2 17 25 55 78 88 88 20 a0 op
L8 15 18 33 68 ©3 97 100 100 100 100
96 17 23 L4 82 95 93 100 100 100 100
2.5 1 8 10 13 25 72 178 7o 68 55 53
2 8 12 15 33 78 85 82 82 78 77
ly 10 15 22 53 77 88 87 88 87 90
8 10 17 33 70 9k g7 99 100 100 100
Controls 0 0 0 1 1 1 1 1 1 1

ARk

P

i BB 0

R sl ok

A il 2,

heilid.

PR L




was seen to decrease al later observation periods indicating that re-

growth was occurring. The slow rate of increase in the injury rating

with increasing exposure time is evidence that the 0,5-ppmw concentra-
tion was too low to be cifective.

43, The 1.O-ppmw treatment produced a maximum injury and effec-
tive control of water milfoil 7 weeks after a LU8-hr-exposure period.
The 2h-hr-exposure period, although producing epproximately 909, injury
to the plants after 8 weeks, was not adequate as the increase in injury
rating beyond this period was oo pgradual to be significant.

4. The 2.5-ppmw treatment produced 100% injury to the plents
7 to 8 weeks after an 8-hr-exposure period.

L5. Under the condition of the second test, 48 hr of contact to
2,4-D BEE applied at the rate of 1.0 ppmw were required for a complete
kill of the test plants. Assuming thal under these conditions, this
is the critical combination of concentration and contact time for 2,4-D
and water milfoil, the amount ~{ herbicide required for control is de-
pendent upon the flow rate of water, ¥Wor example, at a rate of dis-
charge of 1 cubic foot per second (cfs), 86,4uu cu ft of water
(646,317 gal) would flow past a given point in 24 hr. In 48 hr,
1,292,634 gal or 10,787,419 1b of water would flow past this point.

In order to maintain s l.b-ppmw concentration of' the herbicide in this
volume of water for 48 hr, approximately 10.8 1b of 2,4-D would be
required.

46, Release rate studies on a 30% formulation of 2,4-D BEE in PVC
conducted at Edgewood Arsenal during FY 70 revealed that 7.6% of the
initial amount incorporated into pellets was released during the first
day. The amount released was 11.0% on the third day and 14.8% on the
fifth day. Tris corresponds to rates of 7.6, 3.93, and 2.96% per day,
respectively, for the three observations. The average for the three
observatioas is 5.2% per dayt Applying this value as an estimate for
the release rate figure, 104 1b (0.052 X 10k = 5.4 1b per day) of

2,4-D in a 30% formulation would be reguired per cubic foot per second

A25
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of discharge to maintain a 1.0-ppmw concentration for 48 hr (the 30%
designation refers to the concentration of the ester in the formula-
tion which converts to 21%;. In order to provide approximately 104 1b
of 2,L4-D acid, 495 1b of the 30% formulation would be reguired per
cubic fnot per second; that is, 0.21 x 495 = 104, At a discharge

rate of 100 cfs (not an uncommonly high rate), 49,500 1b of the
controlled-release formulation would be required to maintain a 1.0-ppmw
concentration over a 24-hr period. These calculations assume that the
rate of herbicide release from the carriers is constant. “This crite-
rion has not been met to date, as the release rates have been shown to
dz2crease with time. A decreasing release rate would tend to reduce the
amount of herbicide released and consequently wc 1ld reduce the herbicide
concentration in water btelow the critical phytotoxic level.

47. In a flowing water situation, the controlled-release formula-
tions as presently designed would be a prohibitively costly method of
controlling water milfoil. This would be true even 1f it were possible
to provide a sustained release of 2,4-D from the formulations beyond
6 or 8 weeks. There may be an advantage in using controlled-relcase
formulations in nonflowing water. The criterion of providing a carrier
system with a constant releasze rate would still apply, however. Criti-
cal phytotoxic concentrations in water would still need to be maintained
in order to provide control of regrowth or retardation of existing

plant growth.

Toxicity of Controlled-Release Formulauvions to Fish

Methods and materials

48. Before the controlled-release herbicide formulations are
field tested, information of potential environmental effects should be
obtained. For this reason, an evaluaticn of the compounds in terms
of toxicity to fish is of primary importance.

49, The purpose of this experiment was to determine the toxicity
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of various formulations of herbicide on three species of fishes over a

4
3
A

period of 7 days. The species selected were bass (Micropterus

wih

S 2UY POV ST, PO W

punctulatus), bluegill (Lepomis macrochirus), and catfish (Ictalurus
punctatus).

50. “he fish species under investigation were maintained in 3-gal

e

[RIRERA RS -

plastic containers at temperatures of 20-22 C with a photoperiod of

12 hr at 80 ft-¢. Each herbicide formulation in the bass experiment

¥tk v

required 39 containers and two fish per conlainer, except the control

s
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ey

which used 16 containers. The bluegill test required four containers

[

for each rate of herbicide and five fish per container, except the

a1 D

E control which used 19 containers. The catfish test required four con-

RIS Tt

é tainers with five fish in each container for each rate of herbicide,
3 except the control which used 20 containers.

51. Fach formulation was assayed at iwo rates for the evalumtion

PSPPI VTP XU TS 3

T periods 1, 2, 4, 8, 24, and 48 hr. Evaluations on bass extended through
56 hr and on catfish through 168 hr. The percent mortality was calcu-

] lated at the end of each individual evaluation period.

Y

52. The controlled-release formulations and rates uscd were:
11ACE-E, 20% acid equivalent (a.e.) at 5 and 10 ppmw; 1LACE-B,
16.1% a.e. at 5 and 10 ppmw; encapsulated alkyl amine salt of 2,4-D,
22.6% a.e. at 5 and 10 ppmw; Fenac, 21% a.e. at 5 and 10 ppmw; Basc
89A (PVC) at 10 and 20 ppmw; and LV-4 (PVC), 13% a.e. at 5 and 10 ppmw.

Bass

WP (T P

bt ey, ASRNBEE S S AR ¥ it

53. Data from tests with bass \Micropterus punctulatus) exposed

to 5- and 10-ppmw Fenac for a period of 96 hr are presented in table
Al13., The highest rate of mortality was l%, which occurred in the con-
trols after 48 hr. There was also 1% mortality after exposure of bass

(o it

to 10-ppmw Fenac for a period of 8 hr. Because suppliers were unable

&2 Sl i el L it 2 Rk

to provide additional fish for the tests, Fenac was the only compound
assayed on bass.

Bluegill
2 54. The evaluation perici for bluegill (Lepomis macrochirus) was
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Table Al3

Toxicity of Fenac Formulated in PVC on Bass in

Still-Water Laboratory Tests

Treat-
No. of ment, Percent Mortality,
Fish Rate Hours After Treatment

Used Formulation ppmw 1L 2 A 3 24 M8 72 96
78 Ferac (PVC) 5 0 0 0 0 0. 0 0 0
78 Fenu: (.VC) 10 0 0 0 1 1 1 1 1
32 Control 0 0 0 0 0 1 1 1

Note: PFenac toxici .y is an average of 39 replicates. The control is an
average of lu replicates.

terminated after 48 hr because the fish tended to feed on the chemical
after this period {table AllL).

55. Table AlL indicates that the highest mortality of bluegill
was 65%, which occurred in the controls. The highest mortality result-
ing from exposure to the herbicides was 40% from 5 ppmw of the encap-
sulated alkyl amine after 48 hr. The lowest mortality of bluegill was
13% which resulted from exposure to 10 ppmw of the 1HACE-B and 20 ppmw

Lof the Base 89A after 48 hr.

56. The mortality of 20 bluegills exposed to 5 ppmw of 11ACE-E for
the evaluation periods through 8 hr was 0.0%. After 24 hr the mortality
was 5%, and after U8 hr 35%.

57. Exposure of 20 bluegills to 10 ppmw of 11ACE-E for the eval-
uation period through 8 hr resulted in 0.0% mortality. The 24~hr
evaluation resulted in 8% mortality. After L8 hr, there was 23%
mortality.

58. Of the 20 bluegills exposed to S ppmw of LV-4 (PVC), no
deaths occurred during the first 8 hr of the test. After 24 hr there
was 5% mortality, and after 48 hr 23% mortality.

A28
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Table Alk ;&
Toxicity of Various Formulations of Herbicides to f
Bluepill in Still-Water Leboratory
Treat- k
3 No. of ment Percent Mortality, p
3 Fish Rate Hours -After Treatment @
3 Used Formulation ppmw 1 2 I 8 2 L8 2
1 20 11ACE~E 5 0 0] 0 0 5 35
] 20 10 0 0 0 0 8 23 j&}ﬁ
20 Lv-L (pve) 5 0 0 0 0 5 23 %
20 10 0] 0 0] 0 3 23 #
40 Base 8OA (PVC) 10 0 0 0 5 o5 *
39 20 0 0 0 0 3 13 ;
Lo 14ACE-B 5 0 0 0 0 3 18 2
39 10 ©o o o 3 3 13
40 Fenac 5 o o 0o 0 3 18
40 10 o o 0 0 8 33 ;
g 40 Alkyl amine 5 0 0 0 0 5 4O ;
; 40 salt (2,4-D 10 0 0 0 0 0 23 f
g encapsulated) ;
i 95 Control 0 0 o 1 12 65 '
Note: Each value is an average of 4 replicates except the control which
is an average of 19.
F 59. Of tne 20 bluegills exposed 1o 10-ppmw LV-4 (PVC), no deaths
; occurred during the rirst 8 hr of the test. After 24 hr, chere was 3%
! mortality. After U8 hr, there was 23% mortality. ;
60. The mortality of 40 bluegills exposed to 10-ppmw Base 89A . 7
: (PVC) for the evaluation periods through 4 hr was 0.0%. After 8 hr ; !
y 1 ;
; there was 3% mortality; after 24 hr, 5% mortality; and after U3 hr, 259 .
E mortality. i
} 3 61. Of the 39 bluegills exposed to 20-ppmw Base 89A (PVC) for ;
: % ;
l - %
| P
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the evaluation period through 8 hr, there were no deaths. The 2b-hr
exposure resulted in 3% mortality. After 48 hr there was 13% mortality.

62. The mortality of 40 bluegills exposea to S5-ppmw 14ACE-B for
the evaluation periods through 8 hr was 0.0%. There was 3% mortality
after 24 hr and 18% mortality after 48 hr.

63. Of the 39 bluegills exposed to 1O0-ppmw lLACE-B for the period
through 4 hr, there were no deaths. After 8 hr, there was 3% mortality.
The 2hk-hr exposure resulted in 3% mortality. After 48 hr, there was
13% mortality.

6. The mortality of 40 bluegills exposed to S-ppmw Fenac for the
evaluaticn periods through 8 hr was 0.0%. There was 3% mortality after
24 hr and 18% mortality af'ter 48 hr.

65. Of the 40 bluegills exposed to 1O-ppmw Fenac for the period
through 8 hr, there were no deaths. After 24-hr exposure there was
8% mortality and after 48-hr, 23% mortality.

66. The mortality of 40 bluegills exposed to 5-ppmw of the alkyl
amine for the evalualion period through 8 hr was 0.0%. There was 5%
mortality after 24 hr and 40% mortality after 48 hr.

67. Of the 40 bluegills exposed to 10-ppmw of the alkyl amine for
the period through 24 hr, there were no deaths. After 48 hr, there was
23% mortality.

68. The mortality of 95 bluegills in the control for the evalua-
tion period through 4 hr was 0.0%. There was 1% mortality after 8 hr.
After 2L-hr exposure there was 12% mortality and after 4B-hr, 65%
mortality.

Catfish

69. The exposure period for catfish (Ictalurus punctatus) was

terminated after the 168-hr evaluation.

70. Data from tests of catfish indicate the highest mortality was
25% which ocrurred in the fish exposed to 5-ppmw Fenac for a period of
168 hr (table A15). The lowest mortality of catfish was 0.0% which
resulted from exposure for 168 hr to 5-ppmw 1LACE-B, 10-ppmw LV-4 (PVC),

A30
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Table AlS5

Toxicity of Various Formulations of Herbicides to Catfish
in Still-Water Laboratory Tests

No. Treat-
of ment Percent Mortality,
Fish Rate Hours After Treatment
Used Formulation pprw 1 2 L8 oL L8 72 96 168
20 11ACE-E 5 0O 0 0 0 0 10 10 10 10
20 10 0O 0 O o0 11 18 18 18 18
L0 LV-4 (pVC) 5 0O 0 0 0 8 8 8 8 8
Lo 10 0O 0 0 O© 0] 0 0 0 0
Lo Base 89A (pvC) 10 O 0 0 © 5 10 13 13 13
Lo 20 O 0 O O 18 20 23 23 23
Lo 14ACE-B 5 0 0 0 o 0 0 0] 0 0
Lo 10 O 0 0 O 0 13 13 13 13
Lo Fenac 5 0O 0 O © 5 12 13 15 25
) Lo 10 O 0O O o 18 18 1 23 23
E Lo  Alkyl emine 5 o 0 0 O 13 13 13 13 13
Lo salt 10 0O 0 0 © 0 0 0 0 0
(encapsulated)
96 Check 0 0 0 © 6 16 16 18 20
Note: Each value is an average of 4 replicates, except the control

which is an average of 19.

and 10-ppmw of the alkyl amine.

71. There were no deaths of the 20 catfish exposed to 5-ppmw
11ACE-E for the evaluation period through 24 hr. There was 10% mortal-
ity for the 48-, T72-, 96-, and 168-hr exposures.

72. Of the 20 catfish exposed to 10-ppmw 11ACE-E for the periods
through 8 hr there was 0.0% mortality. There was 10% mortality after
24 hr. After 48 hr and through 168 hr there was 18% mortality.

73. Of the 40 catfish exposed to S-ppmw LV-4 (FVC) for the period

A3l
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through 8 hr there was 0.07% mortality. For the period 24 hr through
168 hr there was 8% mortality.

PR

74. OF the L0 catfish exposed to 10-ppmw LV-4 (PVC) for the pericd
through 168 hr there were no deaths. }

75. The mortality of MO catfish exposed to 10-ppmw Base 89A (PVC)

for the period through 8 hr was 0.0%. %There was 5% mortality after
24 hr. After 48 hr there was 10% mortality. For the period 72 hr

i &

through 168 hr there was 13% mortality.
76. Of the LU catfish exposed to 20-ppmw Base 89A (PVC) for the
period through 8 hr there were no deaths. There was 18% mortality

Lt

after 24 hr. After 48 hr there was 20% mortality. For the period 72 hr
through 168 hr the mortality rate was 23%.

77. The mortality of 40 catfish exposed to 5-ppmw 1MACE-B for the
period through 168 hr was 0.0%.

o Ll UM .. ¢ S 2.

v kmeerle

78. Of the LO catfish exposed to 10-ppmw 1HACE-B for the period
through 24 hr there were no deaths. For the period 48 hr through 168 hr
the mortality rate was 13%.

79. The mortality of 40 catfish exposed to 5-ppmw Fenac tfor the

. -

period through 8 hr was 0.0%. After 2k hr there was 5% mortality. For
the period 48 hr through 72 hr there was 13% mortality, after 96 hr
there was 15% mortality, and after 168 hr there was 25% mortality.

80. Of whe L0 catfish exposed to 10-ppmw Fenac for the period

Lt e AR R AT el § 5 it L

through 8 hr there were no deaths. For the periodlzh hr through 72 hr
there was 18% mortality. Yor the period 96 hr through 168 hr there was

i 23% mortality.

e

r ‘ 81. The mortality of 40 catfish exposed to 5-ppmw of the alkyl
amine for the period through 8 hr was 0.0%. For the period 24 hr
through 168 hr there was 13% mortality.
82. Of the 40 catfish exposed to 10 ppmw of the alkyl amine for 3
the period of 1 hr through 168 hr, there were no deaths.

83. The mortality of the 96 catfish exposed to the control for
the period through 8 hr was 0.0%. After 2k hr, there was 6} mortality.

A32
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For the period 48 hr through 72 hr there was 16% mortality. After
96 hr there was 18% mortality. After 168 hr there was 22¢% mortality.

Conclusions and discussion

8k. The 5-ppmw rate of 11ACE-E, the 10-ppmw rate of Fenac, and
the 5-ppmw rate of alkyl amine resulted in 33% to L40% mortality to
bluegills after 48-hr exposure. The lowest percentage of mortality
resulted from the 20-ppm Base 89A (PVC).

85. The highest mortalities of catfish were 25% and 23% which re-

j sulted from 168-hr exposure to 5-ppmw Fenac and from 72-hr exposure

] 1o 20-ppmw Base 89A (PVC), respectively. Tha lowest mortality was 0.0%
? which resulted from 168-hr exposure to S-ppmw 1UACE-B, 10-ppmw LV-k,
and 1QO-ppmv alkyl amine salt.

86. Bass, after 8-hr exposure to 10-ppmw Fenac, had 1% mortality.

This indicated that bass and bluegill are similarly susceptible to Fenac.

D gcniulie;

87. Catfish, however, showed no toxicity (o Fenac until after an

T

exposure of 24 hr. This indicated that bass and bluegill were more

5
b%]
3
1
3
i
1

affected by the Fenac treatment.

L]

88. Several factors could influence the levels of toxicity. One

Lo

obvious factor is the toxicity of the chemical involved. Another Tactor

a2y as

is the material which encap.ulates the tim -release herbicides. Due

ars: ok it

to the lack of knowledge concerning the use of such material as PVC for
capsules, there may be tacturs influencing toxicity whicli have not bec .
recognized.

89. None of the formulations appeared to be toxic to the test fish

under the conditions of thesc tests. At no point in the evaluation did

the mortality of the ireated fish ajpear significantly higher than the .
fish in the controls.

Suggestions for further study

90. Suggestiong for further sludy are as follows:

a. Correlation of herbicide concentration levels in the
aquatic environment with those levels present in the tis-
sue of the fish population.

e
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b. Influence of herbicides on the reproduction of bass, blue-
gill, and catfish.

S
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c. Effect of herbicides on the rate of growth of bass, blue-
gill, and catfish.
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APPENDIX B

EVALUATION OF SLOW~RELEASE HERBICIDE

FORMULATIONS FO! AQUATIC WEED CONTROL

U. S. Army Environmental Hyglene Agency
Edgewood Arsenal
Aberdeen Proving Ground, Md.
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EVALUATION OF SLOW-RELEASE HERBICIDE FORMULATIONS FOR
AQUATIC WEED CONTROL*

by
Larry M. Nelson¥¥

1. REFERENCES.

a. Memcrandum of Intra-Agency Agreement between U. S. Army Fnvi-
ronmenrital Hygiene Agency and the Office, Chief of Engineers, 15 October
1968.

b. Entomological Special Study No. 31-004-69/71, Evaluation of
Controlled Release Herbicide Formulations for Aquatic Weeds July 1969-
July 1970, transmitted 23 Qctober 1970.

2. PURPOSE, The objectives of this investigation were as follows:

a. Determine the concentrations of Fenac® (2,3,6-trichlorophenoxy-
acetic acid), butoxyethanol ester of 2,hk-dichlorophenoxyacetic acid
(2,4-D BEE), and alkanolamine salts of 2,4-dichlorophenoxyacetic acid
(2,4-D) maintained in water in the laboratory when formulated in poly-
vinyl chloride plastisols (PVC), or biodegradsble rubber, or when
encapsulated.

b. Provide laboratory support to the U, S. Department of Agricul-
ture, Field Plantation Laboratory, Fort Lauderdale, Fla. (hereafter
referred to as USDA, Fort Lauderdale), by conducting residue analysis
of water samples from outdoor pool tests of slow-release herbicide
formulations.

c. ' Formulate herbicides in PVC in sufficient quantities for
limited outdoor pool testing and develop a slow-release formulation
of Diguit® (6,7-dihydrodipyrido [1,2a:2',1'c] pyrazinedium salts)
sultablie for preliminary laburatory bloassay studies.

3. GENERAL,
a. EFEarlier investigations {ref para 1lb) demonstrated the feasi-

bilit§ of aquatic weed control using polymer carriers under laboratory
conditions. It was a recommendation of these investigations (ref para

¥ (Contribution of U. S. Army Envircnmental Hygiene Agency, Edgewcod
Arsenal, Aberdeen Proving Ground, Md.
%% (Captain MSC, Entomologist, Entomology Sciences and Pesticides

Division.
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1b) that release rate studies of various herbicides from PVC and bio-
degradable rubber formulations be conducled in the laboratory. The
report further recommended that new experimental formulations should
be developed and tested in the laboratory and that cooperative field
studies with USDA, Fort Lauderdale, be initiated.

b. Leboratory release rate studies of various herbicides in PVC,
biodegradable rubber, and encapsulated formulations were conducted.

c. Cooperative studies with USDA, Fort Lauderdale, were initiated,
wherein this Agency provided laboratory support for field studies.

d. Experimental quantities of herbicides in PVC were produced in
the laboratory and a new experimental formulation of Diquat was ob-
tained commercially.

4. METHODS AND MATLRIALS.

a. Laboratory Release Rate Studies.

(1) Release rates of Fenac and 2,4-D BEE from PVC formulations
into water were determined under static laboratory conditions. Degra-
dation rates of technical Fenac, technical 2,4-D BEE, and 2,4-D BEE
emulsifiable concentrate (e.c.) were also determined. Basic components
of the PVC plastisol formulations were the resin Geon 135 and the
plasticizer di-(2-ethylhexyl) phthaiate (plasticizeriresin 1:1). For-
mulations evalualed are shown in table Bl.

Table Bl

Herbicide PVC Formulations

Herbicide Herbicide a.e.*¥ Resin Plastieirzer
Herbicide¥ %4 ] % %7 %
Fenac 30 21 35 35
89A 2,4-D BEE 30 21 35 35
LV-4 2,4-D BEE 30 13 35 35
Control -- -- 50 50

* Technical Fenac (707 a.e.); technical 89A 2,4-D BEE (70% a.e.); and
Weedone® Iv-4 2,4-D BEE emulsifiable concentrate (43.37% a.e.). Fur-
nished by Amchem Troducts, Inec., Ambler, Penn.

*%  Acid equivalent.
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(2) Formulations were made according to the following procedures:
the herbicide and plasticizer were added to the Geon 135 resin and the
mixturc stirred. The premixed plastisols were poured into aluminunm
molds and thermally cured at 120-125 C for 30 min. The resulting pel-
lets had an average weight of 65 mg snd a density >1.00.

(3) Release rates of 2,4-D BEE from biodegradable rubber formula-
tions intlo water were also determined under static laboratory condi-
tions. Formulations were developed by the Creative Biology Laboratory,
University of Akron, Akron, Ohio, and forwarded to this Agency for
evaluetion. Formulations tesled are shown in table B2.

Table B2

Herbicide-Biodegradable Rubber Formulations

Herbicide a.e.

Herbicide¥% Formulation % Density
2,4-D BEE 11ACE-C 8.6 <1.00
11ACE-E chunk 21.8 >1.00
11ACE~E ground 20.3 >1.00
11ACE-J 7.5 >1.00
11ACE-L 9.7 >1.00
14ACE~-A 22,2 <1.00
14ACE-B 16.1 <1.00
15ACE-B(Y,) 37.5 >1.00
Control 16ACE-A%* - <1.00
17ACE-At -- <1.00

* Formulated by Creative Biology Taboratory, Akron, Ohio.
*¥% Control for 11ACE series.
+ Control for 14ACE and 15ACE series.

(4) Release rate of alkanolamine salts of 2,4-D from an encapsu-
lated formulation was determined under static laboratory conditions.
The formulation was provided by the 3M Company, St. Paul, Minn. Com-
position of the shell material is a mixture of polyethylene, hydro-
carbon resin, and paraffin wax. The formulation contains 22.6% acid
equivalents (a.e.) alkanolamine salts of 2,4-D and has a density >1.0.
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(5) All formulations were evaluated in gallon glass jars contain-
ing 3 liters of tap water. The dose rate for all formulations tested
was 10.0 ppm a.e. of herbicide. Technical Fenac was applied as an
acetone solution. The jars were sealed with sluminum foil liners and
screw-cap lids to minimize loss of water due to evaporation. Each for-
mulation was replicated three times. Pellets containing no herbicide
served as controls.

(6) Water temperature, pl, and 10-ml water samples for residue
analysis were taken weekly through 8 weeks. Water samples were ex-
tracted by alkaliwation, acidification. and chloroform partitioning.
Chlorcloxrm extracts were then evaporated to dryness and methylated with
boron trifluoride-msthanol reagent. Appropriate volumes of Nanograde
hexane were added and the methyl esters of Fenac and 2,4-D B3R were
then analyzed by gas chromatography.

(7) a Tracor® Model Mr-150 gas chromatograph equipped with a Nib
electron capture detector was used for analysis of samples. The in-
strument was fitted with a 182.88-cm by 0.635-cm glass column packed
with Chromosorb® W 80/90 mesh coated with 3% OV-1. The operating
parameters were: oven temperature (temp) 200 C; inlet temp 235 C, out-
let temp 240 C; detector temp 265 C; attenuation 102 by 16; carrier
gas Np; column flow rate 70 cc/min; and chart speed 0.318 cm/min.
Percent recovery of known quantities of Fenac, 2,4-D BEE and the
alkanolamine salts of 2,4-D using the extraction above, methylation,

‘and analytical procedures were 98.0% for Fenac, 75.0% for 2,4-D BEE,

and 89.0% for the alkanolamine salts of 2,4-D.

b. OQutdoor Pool Tests - Residue Analysis.

(1) Outdoor pool tests were conducted by USDA, Fort Lauderdale,
during the period June through August 1970 for control of eurasian
water miltoil using a 30% active ingredient (a.i.) 2,4-D BEE-PVC formu-
lation prepared by this Agency (ref para 1b) and a commercial clay
granule formulation containing 20% a.i. 2,4-dichlorophenoxyacetic acid
(2,4-D). The 2,4-D BEE-PVC formulation was tested at dose rates of
1, 2, and 4 ppm. The 2,h-D clay granule was tested at 1 and 2 ppm.
Water samples for residue analysis were taken at 1, 4, and 7 days and
biweekly thereafter through 8 weeks. Untreated pools served as con-
trols and each treatment was replicated three times. Water samples
were extracted with chloroform at USDA, Fort Lauderdale, and the ex-
tracts forwarded to this Agency for residue analysis. Upon receipt of
samples, the chloroform was evaporaled, samples were methylated, and
the methyl ester of 2.4-D analyzed by gas chromatcgraphy as previously
described (see para 4a(6) and (7)).

(2) A second series of outdoor pool tests using slow-release
herbicide formulations against eurasian water milfoil were conducted
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by USDA, Fort Lauderdale, from QOctober 1970 to October 1971. Formu-
lations evaluated were 30% Fenac in FVC, 30% Weedone LV-U, 2,-D BEE
in PVC, 30% 89A 2,4-D BEE in PVC (table Bl), 11ACE-E and 1L4ACE-B
bilodegradable rubber formulations of 2,L4-D BEE (table B2), and encap-
sulated alkanolamine salts of 2,4-D (para h4a(4)). Dose rates for the
304 89A 2,4-D BEE-PVC formulation werc 10.0 and 206.0 ppm a.e. All
other formuwlations tested were dosed at 5.0 and 2.5 ppm a.e. Water
samples for residue analysis were taken at 1 and 4 days, weekly

1-4 weeks, biweekly 4-10 weeks, and monthly 10-L46 weeks after treat-
ment. Untreated pools served as controls. Rach treatment was rep-
licated three times. Water samples were extracted at USDA, Tort
TLauderdale, and the chloroform extracts forwarded to this Agency for
residue analysis. Upon vreceipt of samples, {ihe chloroform was
evaporated, samples were methylated and the methyl ester of 2,4-D
analyzed by gas chromatography as previcusly described (see para lba

(6), (1).

c¢. Experimental Formulations.

(1) Polymer formulations of technical Fenac (70% a.e.), technical
Base 89A 2,4-D BEE (70% a.e.), Weedone LV-U4 emulsifiable concentrate
2,4-D BEE (43.3% a.e.), and analytical grade 2,4-D¥ (100% a.e.) were
rroduced in test quantities at this Agency. Basic components of the
formulations were the recin Ceon 135 and the plasticizer di-(2-
ethylhexyl) phthalate (wesin:iplasticizer 1:1) (table B3). Formulations

Table B3

Experimental Formulations

Herbi- Herbi- Plasti~
cide cide a.e. Resin cizer Laboratory
Herticide % % % % Quantity, g
89A 2,4-D BEE 30 21 35 35 1200
LV-4 2,4-D BEE 30 13 35 35 1h75
Fenac 30 21 35 35 1300
2,4-D 30 30 35 35 32

were made according tc procedures previously described (para La(2)).
Formulations were forwarded to USDA, Fort Lauderdale, for biological
evaluations.

¥ Furnished by Dow Chemical Company, Midland, Mich.
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(2) At the request of Dr. Edward O. Gangstad, Chief, Aquatic
Plant Contrcl, Corps of Engineers, Washington, D. C., a 400-g sample
of 30% Fenac in PVC was forwarded to Dr. Sigmond L. Solymosy, Ualver-
sity of Southwestein Loulisiana, Lafayztie, for tesiing.

(3) A formulation of Diquat was obtained from GAF Corporation,
Hagerstown, Md., for biological evaluations. The formulation was com-
posed of 10%, by weight, of Diguat in a solution of silicate and water
on a mineral base granule. The formulation was forwarded to USDA,
Fort Lauderdale, for testing.

&

5. RESULTS AND DISCUSSION,

a. Laboratory Release Rate Studies

(1) Results of release rate studies of 2,4-D BEE and Fenac from
PVC are indicated in figs. Bl and B2. Average residues, along with the
minimum and maximum residues detected from each PVC formuwlation over

6 o

89A 2,4-D BEE

8

6 =
Lv-4 2,4-D EEE

AVERAGIE HERBICIDE RESIDUE, PPM

1 2 3 4 S 6 7 8
WEEKS AFTER TREATMENT

Fig. Bl. Release of 89A 2,4-D BEE and LV-4 2,4-D BEER
from PVC
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Fig. B2. Release of rfenac from PVC
the 8-week testing period, are shown in table B4. Residues of technical
Fenac remained coanstant from the initial dose rate of 10.0 ppm with an
average regidue detected over the test period of 11.21 ppm. Residues of

Table B4

¢ Average 2,4-D BEE and Fenac Residues Detected

from PVC Formulestions*

8-Week
. Minimum Residue Maximum Pesidue Avg
* Observed Observed Residue
. Formulation ppm At Ppm At ppn
f Fenac PVC 3.0 Week 1 11.37 Week 8 7.67
;& 89A 2,4-L BEE PVC 0.88 Week 1 2,72 Week 6 1.65
¥ i LV-L 2,4-D BEE PVC  0.57 Week 2 3.88 Week 8 2.07

* Bensitivity of method, 0.0l ppm.
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technical 89A 2,4-D BEE declined from the initial concentration of

10.0 ppm to 3.73 ppm after 8 weeks with an average residue detected

of 6.37 ppm. Residues of LV-4 emulsifisble concentrate 2,4-D Bkl de-

clined from the initial concentration of 10.0 ppm to L.ld ppm afier

8 weeks with an average residue over the test period of 6.86 ppm. Water

rH and temperature remained constant throughout the test period. Aver-

age pH and temperatures measured were pH 5.3 and 23.8 ¢, respectively.
(2) Results of release rate studies of 2,4-D BEE biodegradable

rubber formulations are indicated in figs. B3-B6. Average residues de-

tected in each treatment along with the maximum and minimum residues

11ACE-E (GROUND])

11ACE-J

3

AVERAGE HERBICIDE RESIDUE, PPM

2 -

- N\,

ey fa }

S 6 7 8
WEEKS AFTER TREATMENT

Fig. B3. Release of 2,4-D BEE from biodepradable rubber
formulations, 1JACE (ground) and 11ACE-J
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15ACE-B(L)

11ACE-E (CHUNK)

AVERAGE HERBICIDE RESIDUE, PPM

1 2 3 4 s 6 7 8
WEEKS AFTER TREATMENT

Fig. B4. Release of 2,4-D RRE from biodegradable rubber
formulation, 15ACE-B(L) and 11ACE-E (chunk)
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Release of 2,4-D BEE from biodegradable rubber
formulations, 14ACE-A and 14ACE-B
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Fig. B6. Release of 2,L4-D BEE from biodegradable rubber :
: formulations, 11ACE-L and 11ACE-C 4
% over an 8-week teslting period are indicated in table B5. The 11ACE %
] series (11ACk-C, 11ACE-E, 11ACE-J, and 11ACE-L) released at a slower :
; rate than did the 1L4ACE series (14ACE-A and 1UACE-B) and 15ACE-B(L). ‘ a
o :
§ (3) Results of release rate tests using an encapsulated alkanol-
3 amine salts of 2,4-D formulation are found in fig. B7. Over the S-week
; test period, the lowesi residue detected was 0.1Y ppm, occurring at
: 1 week, and the highest residue was 3.10 ppm at 2 weeks, while the av- ;
} erage over bthe entire test period was 1.64 ppm. ) F
& . . ’
g b. OQutdoor Pool Tests - Residue Analysis.
¢ 3
: (1) Results of residue analysis of pool tests conducted June- 1
August 1970 are found in table BG. Average residues maintained over 3
6 weeks from the 30% 2,4-D BEE PVC Tormulation were G.OW41 ppm for the 1

1-ppm dose rate, 0.078 ppm for the 2-ppm dose rate, and 0.182 for the
Lh-ppm dose rate. Residues measured in 2,4~D attaclay granule treat-
ments average 0.298 ppm for the l-ppm dose rate and 0.708 ppm for the
2-ppm dose rate over 6 weeks. No residues were detected in the control
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Table BS

Average 2,4-D BEE Residues Detected from

Bipdegr&dable Rubber Formulations*

-

8-Week

Minimum Residue Maximum Residue Avg
Observed Observed Residue

Formulation Dpm At ppm At DPM
11ACE-C 0.07 Week 2 2.24 Week 8 1.02
11ACE-E chunk 0.20 Week 2 3.63 Week 8 1.59
11ACE-E ground 0.64 Week 4 3.26 Week 8 1.77
11ACE-J <0.01 Week 7 1.28 Week 8 0.49
11ACE-L <0.01 Week 1 0.70 Week 6 0.37
1LACE-A 0.73 Week 2 h,1h Week 8 2.25
1LACE-B 1.33 Week 2 3.62 Week 4 2.72
15ACE-B(L) 0.16 Week 3 4,16 Week 8 1.77

¥ Sensitivity of method, 0.01 ppm.

4=

AVERAGE HERBICIDE
RESIDUE, PPM
N
A

Fig. B7.
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Table B6 f q
Residue Analysis of Outdoor Pool Tests (Average ppm¥* ) % 1
2,4-D BEE and Attaclay B 3
?{. Dose
3 Formu- Rate ~___Day Week i
3 lation ppm 1 T 1 2 N 6 3 N
é 2,4-D BER 1 0.040 0.066 0.09% 0.06% 0,003 0,001 <0,001 :
y Pve 2 0.079 0.101 0.284 <0.001 <0.001 €.005 <0.001
3 L 0,132 0,356 0.531 0,070 0,001 0.003 <0.001 :
1 2,-D :
g attaclay 1 0.k00 0.421 0.566 0.103 <0.001L 0.002 <0.001 :
3 0.680 0.890 0.850 0.412 <0.001 <0.001 <0.001
f Control -- <0.001 <0,00L <0.001 <0,001L <0.,001 <0.001 <0.001

* Limit of sensitivity of method, 0.001 ppm.

LA

treatments throughout the %est period and no residues were detected in
eny of the samples 8 weeks after treatment. The data indicate that a
30% 2,4-D BEE PVC formulation is nc more effective than a 2,4-D attaclay
granule formulation when evaluated at comparable dose rates.

i B 0L el

bop Lol

(2) Results of residue analysis of pool tests conducted October
1970~-August 1971 are found in tables BY and B8. Residues of Fenac were
detected throughout the L6-week test period. Average residues of Fenac
meintained over the test period were 0.795 ppm for the 2.5-ppm dose rate |
3 and 1.883 ppm for the 5.0-ppm dose rate. Residues from all other formu- 3
lations tested were <0.001 ppm 4-10 weeks after treatment. No residues
were detected in contrel pools. With the exception of the Fenac PVC
formulation, all formulations tested appear to be similar in overall
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: efficacy.
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5 4
g 6. CONCLUSIONS. °
; a. Fenac PVC and 2,4-D BEE PVC formulations were both effective in

3 maintaining residues in water in the laboratory over an 8-week testing
- period. However, due to the potential hazard of polychlorinated bi-
v phenyl (PCB) contamination of the enviromment rcsulting from the use of

= PVC plastisol formulations, an alternative carrier should be found for :
o use with Fenac. i
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Table B7

Residue Analysis of Outdoor Pool Tests (Average ppm*)
11ACE-B, 1l1ACE-E, and Alkanolamine Salts of 2,4-D

Dose Rate - ppm a.i.

Days /Meeks Alkanolamine

Post 11ACE-B 11ACE-E Salts of 2,4-D

E Treatment 2.5 5.0 2.5 5.0 2.5 5.0

? 1 day 0.027 0.149 0.0h2 0.303 0.018 0,051
1 Ly days 0.055  0.385 0.053 0,402 0.02k  0.056
J 1 week 0 OFR 0.23h4 0.291 0.584 0.050 0.157
f 2 0.015 0.423 0.0hiL 0.861 0.003 0.020
* 3 0.017 0.040 <0.001 0.038 0.0C1 0.032
% l 0.029 0.043 <0.001¥% 0,030 <0.001 0.009
] 6 <0.001 <0.001 <0.001 <0.001 <0.001 0.008
3 <0.001 0,024 <0.001  <0.001 0.00k  0.016
j i 10 <0.001  <0.001 <0.001  <.001 0.009 0,007
| 1 14 1 <0.001 t t <0.001  <0.001
E 18 t <0.001  <0.001

: 22 t t

*  Sensitivity of method 0.001 ppm.
*¥ Samples leaked in shipment.
t Sampling terminated.

b. The 2,4-D BEE biodegradable rubber formulations maintained
residues in water in the laboratory over the test veriod. However, the
11ACE series was much less effective than was the 1MACE series of for-
mulations. As a result, no further evaluations should be conducted
using 2,4-D REE PVC formulations or the 11ACE series of biodegradable
rubber formulations against water milfoil. However, the 1MACE series
should be further evaluated apainst a variety of aquatic weeds.

c. In laboratory tests, the encapsulated formuwlation of the alka-

3 nolamine salts of 2,4-D maintained residues throughout the test period
and should be considered for further evaluations in the field.
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Table B8

Residue Analysis of Outdoor Pool Tests (Average ppmk)
LV-4 2,4-D BEE PVC, 89A 2,4-D BEE PVC, aud Fenac PVC

Days/Weeks Dose Rate - ppm a.i.
Post Lv-L 2,4-D BEE PVC 89A 2,4-D BEE PVC Fenac PVC

Treatment 2.5 5.0 10.0 20.0 2.5 5.0
1 day 0.043 0.056 0.365 0.4%02 0.275 1.158
4 days 0.0%0 0.196 0.hh7 1.647 0. Lkl 2.076
1 veek 0.198 0.480 0.509 1.664 0.860 1.680

0.059 0.154 0.235 2.231  0.627 2.591

3 0.015 <0.001 0.002 0.169 0.109 0.726

L <0 .00L¥%* 0.006 0.009 0.080 1414 3,740

! 6 <0.00L <0.001 <0.001 <0.001 0.605 3.650
k 3 <0.001 <0.001 <0.,00L <0.001 0.780 L4.150
j 10 <0.001. <0.001 <0.001 <0.001 1.860 1.74%0
1L + t t t 1.062 2,467
? 18 1.315  1.696
22 1.062 2.630

26 0.721 1.281

30 1.394 1.534

3k 0.524 1.491
38 0.303 0.359

Lo 0.556 0.4sh
Lé 0.380 0.480

* Sengitivity cf method 0.001 ppm.
*¥%  Samples leaked in shipment.
1 t Sampling terminated.

d, In outdoor pool tests, a Fenac PVC formulation was the most
effective in maintaining residues beyond 10 weeks after treatment. The
: encapsulated alkanolemine salts of 2,k-D formualation produced residues
1 through 10 weeks in the outdoor pools. All other formulations evaluated
E outdoors were only effective for periods up to 4 weeks.
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DEVELOPMENT OF SLOW-~RELEASE HERBICIDE MATERTALS
FOR CONTROLLING AQUATIC PLANTS*

by

La)

Suzanne Bille, 8. “achary Mansdorf, and Nalhun F. Cardarelli®*¥

Summary

Slow-release formulations of the butoxyethanol ester of
2,4-dichlorophenoxyacetic acid were prepared and evaluated.
This herbicide was found to have a relastively high solubility"
in natural rubber and only slight solubility in several other
elastomeric substances. Loss rate was adjustable by compound-
ing techniques.

In order to release the control agent in the photozone of
interest, five product designs were develcped. These consisted
of floating and sinking pellets, timed release pellets, and
top-suspending and bottom-suspending ribbons.

Initial indoor and outdoor evaluations were conducted us-
ing four aquatic weeds: water hyacinth, alligator weed, elodea,
and eurasian waber milloll.

Top suspenders applied at a rate of l-ppmw active agent
destroyed water hyacinths within 4 weeks of the treatment date
in outdoor poocl tests. Floating and sinking pellets were in-
effectual, even at higher dosages, against this plant. How-
ever, all forms of the slow-release formulation controlled
milfoil. The butyoxyethanol ester of 2,4-D is not particu-
larly effective against elodea or alligator weed.

The advantage of slow-release formulations lies in their
economy of use. One treatment can conceivably provide weed
control tor several years. Half-lives in excess of 9 months
are predicted. Sinking pellets are shown to release 2,h4-D at
the watercocurse bottom with fairly rapid upward dispersion,
reading near equilbrium (no gradient) in a short time. 1In

# Contract No. DACWT73-70-C-0030, Aquatic Plant Control Pro-
gram, Planning Division, Office, Chief of Engineers, Wash-
ington, D. C.

** Research Assistents and Principal Chemist, Community and
Technical College, Product Development Laboratory, The Uni-
versity of Akron, Akron, Ohio.
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contrast, floating pellets release at the surface with little
downward dispersion of the toxicant.

Formulation 14B, prepared as a suspender, has shown
greatest efficacy against water hyacinth. Small factory lots
have been prepared of the best suspender, sinker, and floater,
and an initial manufacturing aralysis has been performed.
Field test studies have been initiated in Louisiana with sev-
eral of the superior materials.
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PART T: INTRODUCTION

Kl wn s i

1. Control of water weeds is a major world problem. Plant infes-

tations severely hamper agriculture dependent upon irrigation in many

it

areas of the world. In the United States growing and decaying plants
block navigable waterways, interfere with drainage systems, and often 2
serve as foci of pest insects and other undesirable life form:. Yresent '

control methods depend upon mechanical harvesting or the use . herb. -

cides and perhaps, in the future, on biological control. Ipn any case,
conventional treatment methodology is economically unattractive and to
some degree furthers,directly or indirectly, environmental contwnination.
2. The use of slow-release materials may well permit the destruc- : 1
tion of the plant at its youngest stage vhere intoaicatior levels are ’ 3
lowest and thus reduce the overall contamination problem. A complemen-

tary concept advanced by the U. 5. Army Corps of Engineers is to re-

lease the toxicant in the phytozone of attack, i1.e., in the watercourse
bottom strata for rooted weeds, or in the first toot of depih Lfor float- h
iag plants, and so on. This method shouvld likewise reduce the total

amount of toxic agenl needed for a given control problem.
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PART II: BACKGROUND

3. In 1964 the senior author successfully added various orgenotin
toxicants to rubber matrices and, through certain compounding technigques.
caused their slow release into an aquatic euvironment. The release
mechauism is based upon a diffusion-dissolution phenomenon whereby the
toxic molecuies soluble in the specific polymeric base material slowly
migrate toward the pellet surface and then pass. into the elastomer-water
interface. As dissolution occurs, a solution pressure differential
exists, and the natural principle of solution equilibrium sustains the
toxicant diffusion.l

L. The initial use of "biocidsl rubber" lay in marine fouling ccn-

trol.l’2

Here relatively small anowits of toxicant, less than 8%, by
welght, are slowly released fru. i.ootective rubber sheeting, etfectively
preventing fouling over a period of time measured in years.2 Practical
applications followed3 and methods of increasing or decreasing loss

rates were developed.u’5’6

The efficacy of the now commercially avail-
able product has bcen reported in the technical and trade litereture.

5. In 1968 the iso-octyl ester of 2,4-D and other herbicides were
formulated in slow-release chloroprene recipes at The University of
Akron. Laboratory tests against the water hyacinth (malure piant) indi-
cated continuous and effective toricant release over several months. No
definitive experim.ntation was performed, but rather a pilot gqualitative

study to assess the potential of this technique in water weed control.
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PART III: PROJECT GOALS

6. The first-year program encompassed the development of slow-

] % release herbicide materials active in the phytozone of interest. Origi-
\ fi nally, the butoxyethanol ester (BEE) and the dimethylamine (DMA) of
1 ﬁ 2,4-dichlorophenoxyacetic acid were selected as toxicants. Five con-

3 - cepts keyed to phytozone release, sinkers, floaters, suspenders, time-
release floaters, and "bouquets," were advanced.

7. Formulations were to be prepared in accordance with the com-

pounders art, with an eye toward economy in materials and processing

o PNl ol M L

costs, and evaluated under lsboratory conditions against four aguatic

Nkt ot

weeds, emphasizing the water hyacinth (Bichhornia crassipes). Both

Tre—ry

indoor and outdoor tests in small plastic pools were planned. Instru-
mental analysis of herbicide release rates were to be performed to estab-
lish efficacy of the concept and back up bloassay results. Screening

tests would permit the selection of superior candidates (phase I); these

materials would be modified (phase IL) as necessary to achieve maximum
results. The modified materials would then be shipped in appropriate
quantities to laboratory and field test sites selected by the contract-
ing agency.

8. Phase II evaluations were continued through the second year.
Small-scale field test and confiirmance studies at the U. S, Department

of Agriculture laboratcry (Fort Lauderdale, Fla.) were initiated with

B it e e e Lt e i i K~ A S LT ~.'?t“"‘ wmﬁ i T

Plant Development Laboratory supplying guantities of the better

formulations.

v
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Plant Propugation

9. A number of 10-T1 Aiam (2.5-0% dopbh) and 8-114 Aiem (2-1%

iapth) tLanks were sel up in which Lo grow water plants. The tanks

were vinyl "swimming pools” supported within a sheet-metal cylinder. A

o1l rix of locally procurad topsoil (2 parts, and sand (1 part) was
placed to a depth ol & in. or more In each Lank. hkach conuainer was
Tilled to within 6 in. of’ the Lop with either dechlorinated tap waler or
spring water.

10. Tne following planls were used in tnc tests:

Plant source

Wiater hyacinth (Eiehhornia cras:jpes) Local, lFlorida
Alligator weed (Alternanthera

rhiloxercides, louisiana, ¥l rida
Elcdea {klodea Canadensis; lLocal, Florida
Hydrilla (llydrilla verticillata; Jocal, Florida
Burasian water miltfoil (Mzriph[llum

spicatum) lLocal, louisiana
Vallisneria (Vallisneria americana; rlorids,
Cabomba (Cabomba carolinianz) lorida, Louisiana
Water lettuce (Pistia stratiotes; Iouisiana
Southern noind (Hnjns quodelupensis) ¥lorida.
Coontail (Ceratopbylliw: demersun) Louiclana

11. Plants were purchasced or collected locally and in ilorida.
Many plants were furnisihed through the courtes, of lMr, William Thompson

of the U. 3. Army Engineer District, lHew Orleans, ar i lir. Angus Ghoulsorn,

Lake Seminole Reservolir, Cuattahoochie, Florida.
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2,4=D Solubilities in Blastomeric Matrices

12, The two tormulaticns of 7,4-D chosen are insoluvle in plastic

maverials such as poly (vinyl chloride,;, polycthylene, polypropylenc,
ete. « theretore, since rolubllity is cssentlal to the thwetioning of o
dirfusion-dissolution mechunism, a number of elastoners were examined.
some degree of sclubility ls evident in the following common materials:
chloroprene, bulyl rubber, natural rubbeir (NKX,, syntihetic isoprene,

e
U

Tene-buladione (LiR), elhylene-propylene dimers (B, acrylonitrile
rubter ot low acrylic content, and probably oliiers. DBascd upon cost
considerations, X, S8k, and LPPDil were chosen for turtiher study.

13. Simple welght gain (as a function of time); measwemenls made
vy c¢uring the three candidate polywers and immersing them in the toxi-
cant allowed the approximale determination of solubility limitc. fThe

rollowing tabulation is illustrative:

Solubility

Curce Condauviun Butoxycthanol Dimetiiylamine
Compound Bagse  Time, wmin Temp, OF Ssuer (B, o (DMA;,
TACE-A BPLM 20 300 2045 C.oy
TACH -8 It iid ho 300 140 0.8

CACE -A ARV 20 300 36.7 ]

0
AACK -1 X i 300 35.0 L.0
GACH =A St 90 300 11.8 0.

1L, Results were confirmed In later experiments as well as by ob-

servatvion during m aix. Lonseyuenvly, turther cefrort with the di-

meuhylamine was cuspended, It is nol Lo be construed that this form of

-

2,h-D cannot be used in slow-release syctems. However, curricr addi-
tives would have Lo be rowwl and this would constifute considerable of'-

fort therecty sublracting Lrom Lhe general goal.  Livewise, DR

raid,

Vol
discarded as a candidatc busce polysmer diue Lo the relatively low golubil-

ities evidenced.

15, Besoentially natural rubver ic Lhe best cuaoice based 2 cconomy .
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as well as high 2,h-D solvency, tfor the base polymer. Consequently,
formulary work was concentrated on adding the cster (BEL) to HRX.

16. One anomaly does appear. It wes expected. that the "tighter”
cure (longer cure time) "R" materials would be less of a solvent tor
2,h-D. In the case of natural rubber, this is apparently not so. DPer-

haps long-term immersion results in some sort of reversion,

2,4-D Absorption by Carbon Black

17. Previous data indicated that carbon black as an additive would
glow down loss rate. 'rhe higher the BEL absorption, the greatler the
dif'fusion path length, and thus a slower migralion could be expected.
+noorder Lo learn more about such absorption various carbon blacks were

examined. Resulls are depicted in table Cl:

Table C1

BiE Absorption by Carbon Black

Carbon Black BEE Absorption (j
_ Type ASTM Code Particle Size, p  BEE/10 g Carbon Black)
SA¥ 11110 20 8.2
SCr 0Gh 20 6.4
Cr fir g3 o7 6.2
ISAF R o9 6,0
FEF 1950 (¥, 6.0
IGA, 127 2 5.8
104 U219 ) 5.2
A 11320 L b,3
HAL 1330 W 3.3
SKE N7k 160 3.3
SKE RYACS 128 3.2
M W90 héo 2.8
FT 11840 296 200
18. In other words, SAF black will be the most effective I low-

ing down diffusion rate, and hence locs rabe, and M7 the leact elsi- tive,

CLO

e o M e kea
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Rate adjustments are functions of botih the type of carbon black and the §

4

amount used. £
Product Design S
v ; g
T ':‘i i
< B
2 19. The program envisioned five distinct types of slow-release ' ;
L, 4
3 products., :
g 3
. a. YFloaters. Wherein the subject pellet floats on the sur- 3
- face of the water and releases 2,4-D as a surface film. }
: b. JSinkers. The pellets, which are slightly heavier than 3

water, sink to the bottom of the watercourse. Here they
5 lie on the bottom surface, or sink some depth into the

3 bottom soil. 2,k-D is then released in the bottom mud,
3 etc. These may be made in various densitias if a selec-
tive bottom s011 submergence depth is desired.

e b
(4

i P

12

Suspenders. Such materials are shaped as ribbons or rods
of 6- to 8-in. lengths. The rubber, per se, has a density i
of less than one. However, at one end of the major axis a : i
dab of heavy paint, or a metal crimp, is used as a sinker. 5
The material then rides with the light end at or just
above the waber surface and the heavy end down (see
fig. Clj. 2,0-D is thus released in the surface-to-6-in.-
depth phytozone. In practice it was found convenient to
use a heavier rubber at the lower end. Using a little 3
heavier compound at the lower end, "bottom suspenders" 3
that hover just ofi the bottom of the watercourse were ’ =
created. ;
3

AT e N R

4

LAt

N
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12

Bougquets . 2,h--1loaded, tloating, slow-release elastomers
; are extruded; chopped in strands of several feet in length;
é : gabhered in bundles; and weighted at one end. The result

g was a bouguetlike appearance with the union end resting on
, d the watercourse bottom and the strands f'loating upward.

1

Time-capsule release. Here the floating pellets are en- z
capsulated in a slowly exfoliating acrylic binder or a

4 weignted gelatin capsule. The unit capsule sinks to the
3 stream bottom, where it gradually dissolves releasing

1 Tloaters or suspenders that move upward toward the water
1 surface.

s s

20. rig. Cl illustrates these basic design concepts. The thrust,

of course, is to release 2,4-D in the target phytozone.
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WATER SURFACE FLOATING PELLET

T e e e e e,

TOP SUSPENDER

BOUQUET

BOTTOM SUSPENDERS

TIMED F.OATERS

/

*
///,/ .
(1o 7
MU0 ’ I SINKER -
/ i SINKERS 1
I///,//ll'/,///’l/llr ‘

STREAM 80T TOM

Fig. Cl, Basic design concepts

2l. The initial bouquets werec made with latex thread dipped in a
latex-2,-D slurry. Hovever, pickup was poor and only a few weight per-
cent of the herbiclde was coated. Llater floaling strands otf EPDM- and
NitX -based materials were extruded, bundled, and weipghted for examination.

22. Tae release concepts descrived above were examined early in
the program to determine processing methodology and cost. Ii'loating and
sinking pellets represent no factory problems and are easily produced at
LO to 4, cents per pound (not counting the cost of the 2,h-d, as loading
levels are unknown) using standard equipment. A simple mix, extrusion,
cure, and clhopping system using small-scale equapment should allow L00
to 700 lb per hour production from one line, Buspenders arc somewhat

more elaborate, have a processing cost of 70 to 80 cents per pound (sans

cle
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2,4-D), and preduction on a similar line of 300 to 900 1b per hour.

. 23. DBouguets require an additional bundling and weighting step &
&
3 x
that will require somewhat more specialived equipment. llowever, in es- %
i
sence there is no particular difticulty involved in this process. 1L is Q
g
estimated thal bouguet costs would be 7Y Lo YO cents per pound (again .
without the cost or the active agent). The time-rclease capsules are T
b
easily made by hand; however, the actual mass production equipment Aﬁ
needed and assoclaied problems do not allow more than a crude estimate 3 3
of 79 to YO cents per pound, factory costs. Bagging and shipping ex- g ;
. N N i p
penses may add several more cents per pound in all cases. DLstimates are ki 3
¢ A
based upon 24%,000-1b production lots. ,? b
4
H ks
} 3
; ]
;
b i i
3 L
! 3
; :«
: !
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! 3
g o
; 3
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PART V: TIHASE I FORMULATIONS

Bt Lt aliomai: B

24. A number of compounds were prepared based upon 2,4-D solubil-

ity data and past experience, Variations in formulation were to examine
the effects of the additives, cure system, etc. However, phase I com-
pounds were generally aimed at assessing the validity of approach and

determining if there 1s a diffusion-dissolution phenomencn and whether X

the release is efficacious. The possibility of decomposition or chemi-
cal reaction with compounding additives during the cure process was in-
vestigated. Actual matrix adjustments aimed at optimization occupied

phase II work,

LR SR P RTNP 3 SV PP WICOPRY Props )

25. Mill-room operations were performed in-house and at Akron Rub-

maitd

ber Development Laboratory, Inc. Materials were mixed on the mill,

pryeg

sheeted off, and either cured as 6- by 6~ by 0.079-in. sheets or ex-

RS TR PRI
ke

truded as 1/8-in.-diam rods. Rods were cured under steam in an au-
toclave, coocled, and chopped into about l/l6—inn widths. Extrusions
were not as smooth as desirable; however, it is not advisable to intro-
duce silene, clay, ebtc., as smoothing agents, as interference with 2,4-D
t loss rates may occur.

26. Only superior candidates, judged by biocassay results., are

i N Y Al G o iy

listed below in the interest of saving expense and not boring the reader
with many pages of irrelevant data. 2ACE, 3ACE, and 7ACE materials are

nontoxic EPDM compounds for immersion studies and controls., U4ACE and

ean s

YACE materials are SBR based and used as above. OACE compounds are non- 3

T

toxic natural rubber for control and solubility evaluation purposes.

10ACE-ELl, 11ACE~G, 11ACE-H, and 12ACE-6 dimethylamine (DMA), and though

& At Ll

somewhat eff'ective, have very short life times and low active agent con-

centration. All are overloaded and function by a leach mechanisn,
? heir evaluation was discontinued when it became obvious that BEE/NRX

and BEE/EPD offered the best possibilities.

R PY

27. lLikewise, all 12ACE series (7 compounds) were based upon an

SBR matrix. Bioassay showerld poor results due, undoubtedly, to low

T
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concentrations, and this group was eliminated carly in the program.

23, BEE was supplied without charge by AMCHEM Products, Inc.

(Ambler, Ps.) and DMA, without charge, by the Diamond-Shamrcck Co.

249, Table C2 presents those phase I compounds showing some degree

of efficacy and serving as guidelines for phase II formulations:

Table C2

Phase I Compounds

Base BBL Toxi-

Compound Elastomer cant, % Type
10ACE=-A EPDM L.5 Floater

10ACE-R EPDM 6.6 Iloater

10ACE-C EPDM 7.9 Floater

10ACE-D EPDM 2.5 Floater

10ACE-E EPDM 15.9 IFloater

10ACE-F EPDM .5 Sinker

10ACE~G EFDM 20.1 Sinker

10ACE-H EPDM 11.6 Sinker

10ACE=-T FEPDM 13.1 I'loater

11ACE-A NRX bk ¥loater/suspender
11ACE-BR NRX L.y Floater/suspender
11ACE-C NRX 8.6 Floater/suspender
11ACE-D NRX 15.8 I'loater/suspender
11ACE-E NRX 22,0 Sinker

11ACE-F NRX 8.0 Sinker

11ACE-H NRX 4.3 Floater

11ACE-T NRX 7.7 Sinker

11ACE-J NRX 7.5 Sinker

11ACE-K NRX 10.4 Sinker

11IACE-T NRX 9.7 Sinker

1HACE-A NRX 22.2 Floater/suspender

s
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PART V1: DPUHASE 11 FORMULATLIONS i
i
30. Biocassay work, rcported in later sections, indicated that ihe 3
phase I materials shown in table C3 below, were supcrior. Consequently,

phase LI compounds were based upon these formulations with the general

intent to increase toxicant concentration and loss rate.

Fan ki b i, S e R

Table C3
Effective Phase 1 Formulntipns
Base REE Toxi-
Compound Elastomar cant, % Type Eficctive Against
3
11ACE~R NRX 21.8 Sinkex ilyacinth, elodea, §
and milfoil )
11ACE-C NRX 3.5 Floater Hyacinth i
11ACE-D NRX 15.7 Floater Hyacinth
11ACE-R NRX h.u Floater iyacinth ;
10ACE-TR BIDM .5 Floater lyacinth §
10ACE-C EDDM 8.6 I'loater Hyacinth f
10ACE-F BihM 15.8 Floater Hyacinth ;
11ACE-F NRX 7.2 Sinker Hivacinth §
L1ACE-J NRX 11.1 Sinker lyacinth .
1LACE- NRY 22,2 Suspender Iivacinth ]
{
31. Phase I results indicated irom bioassay and other evaluations 3
that: ;
a. 'The buloxyethanol ester is released and does destroy the :
waler hyacinth. ¥
b. Carbon black and various oils can be used to change loss :
rates.
¢. Bblk is the logical choice as the toxic agent,
d. latural rubber is the best choice as the base matrix
material.
e. A simple sulfur-tetramethylthiuram disulfide cure with

zinc oxide is appropriate.

Cl6
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The next step was to optimize a natural rubber, BEE compound,
1o achieve an appropriate loss rate with the maximum amount of herbicide
available for release.

33. A number of test formulations were made:
and sinking.

tloating, suspending,
The best material to date is 15ACE-B (a modified 1lACE-E)
as determined from the following criteria:

a. Economy of materials

lor

Efficacious loss rate

¢. BRasy processibility

d. Maximum BEE content
More "exotic" forms of natural rubber were used to achieve the proper
matrix (i.e., highest possible BEE solubilivy limit). RSS #4* would

hold, in solution equilibrium, about 35%. However, extrusions were

poor with uneven dimensions, some volatilization occurred during cure,

and the extruded rod required special handling due to extensive tacki-

ness. Consequently, accelerated partially precured natural rubber that

climinated these diftficulties was selected. The final formulation of

15ACE-B (sinker) is given below.

Parts by Composition
Weight Cost/pound %
PaA-80t 75.0 $0.405 hh.6
SMR-5T1 25.0 0.320 4.9
7inc oxide 1.0 0.870 0.6
Stearic acid 0.5 0.55%0 0.3
Santocure CBTS 2.0 0.760 1.2
TMTDS 1.0 1.900 0.6
Sulfur 0.5 0.8%0 0.3
BEE 63.0 0.610 37.5

t PA-80 is a crudely coagulated, pale, crepe-type nat-
ural rubber with about an 80} precure.
++ 8MR-% is a refined, rib-smokeu sieet with castor oil
added as a lubricant.

3k. Materials cost of 1ODACE-B appears to be in the $0.46-0.49 per

*¥ Rib-smoked sheet, grade 4 (about 18 cents per pound).
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pound range. Processing costs are estimated to be $0.20 per pound, and

factory bagging, storing, and handling $0.10 per pound. A total cost of
$0.80 per pound in 10,000+ pound quantities is indicated before profit.,
A selling price of $1L.30 to $1.50 per pound is a reascnable guess.

35. ERarly biological test results indicated that 15ACE-B is highly

efficacious and that it may be desirable to slow down the release rate.

36. Optimum cure in air has been established as 270 F for 15 min.

This is rapid enough to permit continuous cure by conventionad wmethods
of continuously extruding stock.
37. A good phase IT floater, 14ACE-A, has likewise been formulated

of the following recipe:

phr
4 PA-80 75.0
] SMR-5 25.0
: BEE 30.0
E Zinc oxide 1.0
§ CBTS 2.0
? Stearic acid 0.5
: TMTDS 1.0
t Sultar 0.5

4 38. An example of one suspender 1MACE-A/B, composed of two sepa-

rate compounds molded together, is indicated below.

—_— ] -
= .
14ACE-A 1LACE-B ;
Parts by Weight Parts by Weight ’
Property Ingredient 1L4ACE-A 14ACE-B ;
]
Base elastomer PA-80 75.0 75.0
Base elastomer SMR-5 25.0 25,0
Active agent BEE 30.0 30.0
Filler AnO 1.0 60.0
y Accelerator CBIS 2.0 2.0
i Processing aid Stearic acid 0.5 0.5
£ Accelerator TMIDS 1.0 1.0
§ Curative Sulfur 0.5 0.5
"
f c18
i
‘l - . —— l‘.- o a - minsaniliolilhiietiimis = i
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Phase II Formulations (NRX Base), Sinker Type

- _ Cure Conditions

_Cormound Bk, b Te.p, OF  Time, min
1HACE-3(L) 37.5 2'0 1Y
19ACE-B(H) 37.5 300 50
10ACE-A 37.5 300 30
L7ACE-B 37.5 290 30
17ACE-C 3.4 290 30
18ACK-B 33.5 290 30
13ACE-D 39.1 290 30
LOACE -1 uii ' 290 30
18ACE~T 27 2950 30
1oACE-G 32.3 240 30
LEACE ~H 25.6 290 30

LO. A numher of lormuintions were prepared in which pellets of Lhe
tloating compowrd 11ACE-D were encapsulated in Carboset.® Theoe candi-
date mateécials were evalunted in water of 7.9 and .o wil.  Formulslions
are shrwn in tuble C5.

Li. Rewlts for supcrior formulationg are shown in table C6.

Those chovin no relcace or r'ast rel: ase are omitted.
hi. 1t is councluded thah Carbescl L2, provides the mure rapid re-

lease and Caz-busel 52€ the slower celeasce.  Likewise clay relards

*  Trademar:, b. I'. Gocdrich Chemical Co. Cleveland, Ohlo.
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39. Phase IIL formulations wiiii NRX base are shown in table Ch, ]

Table Ch :
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Table C5
i Time-Release Formulations
i _Angredjem, A B C D E ¥ ¢ H J X L M N 0 P & R S
Cade 20AC-
i Carboset 9lb 25 8y == =« ee == ae  as = == em en e e am e ea o ,
Curioset 519 == - §  mm e ee me me me e es e ae mm e e es e g
Carboset 920 -- -- 29 20 2y 2% 29 25 25 -- -- -- -- -- -- -- -- --
s Code 2QACE-Masters
sater I R S 1 B L &
Ethanol LR 2 LI L I R R D - - T O - I ¢ B Y
fun o La 5 4 5 010 - 5 5 g 5 5 5 5 5 5 5 5 5
Cuz ve s = 2 -- 2 -- 1 1 2 -- 1 1 1 2 - -- p!
Cls, 5 50 as em es ee == 50 50 -- -~ 25 50 50 25 -~ -= 2y
Care St 6 e me om = me e e e e 2525 25 35 25 25 - e-  a-
YL b= <l 3029 29 2% 25 2% 25 25 25 25 25 29 25 25 29 25 25
Carvoset o, 4i -- -- -- -- -- -- -- -- -- - - -- -- -- -- 25 2% 25 '
* Cluy {btentonite) 1s used L2 increase the snecific gravity of the mix above that of water.
4
1
Tavle €6 '
Yime Zapsule bvaluation
o Tiwe to Heleuse, hry i .
Compounid Fellel Releoce, plh 1LY Pellet Release, vil éﬁ._‘;r ey
. " P w el T TN Y 3 -
OMC - ‘7'7‘) /; ‘_}_(_)_L X 100, {_2‘_, L0 /) (‘gj 100G,
4 :
IN o 4] o 18 2 " 10 17 o
i ' ¥ 3 S 14 2 ¢ 1l 16 £
L F o 5 Y 19 1 3 Y 1h o
b G 1e 1y ! Iy 10 15 20 : i
f i ‘ y Y ) 1 g 9 1h -
J ’ 3 i p) 0.5 0.8 1 2 ‘
0 -- -- -- -~ ho e 6O ‘l 5
] . i i 30 he l & ol 36 e
- e f.
a3 LY
T
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release rate. For short-term (under 1 day) release a typical formula-

tion

would bhe:

Carboset L2H 29 parts

Ethanol 7Y parts

Ammonia 2 paris

Clay (4.s. to increase gravity
to 1.1)

Pellets Under Y05 total weight

Curative None

For l-week release a typical forimlation would be:

tect

Carbosct 526 2% paris

W Ler 75 parts

Amonia, 1 part

Clay 20-140 parts

Pellets Under 50 tolal weight
Curative 0.1 to 1 part

43. The pH variation, between 7. ~ 1 8.5, does not materially af-

release rates of the compositions vested.

Co

TR M

P

e on i e M

e e bkt et o2 5

etz & aeaRarind B i o oSl

PV IR U U

FRSSUWIEI PP TN

T T TAC SN P P PRI

Lo

CPEPVUIT- Y SRR

L ) s atP 2 et . A b s S L




TR RTINS SRR I

AR T N

ATANR T S0 i Sl SN T T TS W VO

A e e e

reatuiaid]

PART VII: BIOASSAY AND TEST PROCHDURES: WAYER HYACLNTH

L, Water hyacinth evaluations were perforued in 5-gal containers.,
Three days after the containers were filled with water, a nunber of
plants were added to each container and a l-week stabilizalion period

was allowed. llerbicidal lformulations werc then added in measured

o P AT ST TN TR ITY

amounts. In indoor testing, water temperature was maintained at 78 to
82 ¥, Relative humidiiy was in the 90 to 98 ronge. Standard growth

lights were used for illumination and a lh~hr—on, 10-hr-ofl cycle wus

i established. Iertilizer in the smount of 2D ¢ was added to each con-

% tainer. Results were recorded on a 0-t0-100 range with "0" ingicating a
% decayed, disintegrating plant that had sunk Lo the botiom, and "100" iu-
? dicating a healthy plaui with all upper leaves, ete.,, green. A 50"

5 rating would show that S07 of the plant wag dead or dying as indicated

%» by leaf color and so on. Obgervations were admitbLedly subjective,

’ L5, OQuldoor tests, established in June 1970, were performed alt the
f liorton test site, under normal climatic conditions. Daytime tempera-

?‘ tures (91, were generally in the middle &0's dropping to the lower 70's
E at night. Hunidity varied from 60, to near 100 during June-July- é
? Auguut-Oaplaenber.
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PART VIII: PHASE I EVALUATION f
Water Hyacinth
46, Results of the indoor water hyacinth tests are shown in
table CT7.
k
Table C7 3
A
Water Hyacinth Indoor Tests E
Destruction, %
Evaluation by Weeks ;
Compound  Dose, g BEE, % Type Wkl Wk2 Wk3 Wkl WkS Wk6  Wk7 _
11ACE-E 1 20.8 Sinker 15 20 38 59 90 100 = 3
11ACE-E 0.9 21.8  Sinker 15 20 30 4 75 100 0 -- z
LIACK=1 0.1 21.8 Sinker 5 8 12 18 30 bs 70 , 3
LGACE-A 5 22.2 Suspender 18 65 100 -- -~ .- --
LLACE~A 1 22.2  Suspender 5 12 15 20 35 Lo 48 i
1LATE-A 0.5 22,2 Suspender 2 5 10 12 20 30 40 3
1LACE=B 2 18.0 Sinker 2 22 55 80 160 - -- 3
1o9ACE-B{L, ° 37.5 Sinker 10 18 50 70 100 -- --
L3ACE-B(L) 2 27.5 Sinker 3 22 4o 65 75 100 -
15ACE-B(L) 1 37.5 Sinker 2 5 10 12 18 25 55 Z
1LATE-BL) 0 37.5 Sinker 2 5 8 15 20 53 100
1ACE-BIL) J.1 37.5 Sinker o] 2 5 10 15 30 €5
1,ACE-B{L, 0.05 37.5 Sinker 0 0 3 5 12 22 65 i
Y 37.5 Sinker 5 10 18 55 90 100 -- i
1 37.5 Sinker 2 8 15 20 70 90 160
0.5 27.% Sinhker o] o 2 7 =5 o5 55 - 4
Vil 1 37.3 Sinker 5 20 30 Lo Ly 70 100 3
17ACE-R .5 37.53 Sinker 0] 3 4 10 20 50 ‘70 :
1TACE-C P e, Sinker 2 12 15 1 10 15 20 '
LAACK=13 ‘ 33.9 Sinker 5 15 65 80 100 -- --
loACk-L 5 9.1 Jinker 5 14 65 100 -~ - --
18ACE-D 1 39,1 Sinker 2 19 35 Lo 60 90 100 3
1EA0E-L 0.0 39.1 3inker 5 15 25 35 75 90 100 4
LOACED 5.1 39.1 Sinker 2 5 ) 5 5 10 15
LEACE -z 5 AN Sinker 2 lu Ty 100 -- -- --
1oAUK-E 1 L,/ Sinker 2 5 5 Y - -- --
1SAC -k 4 2.5 Sinker 2 19 80O 100 -~ -~ --
VEACE =Y 0.5 210y Cinker 2 Y 55 100 - - -
16ACH -1 0.1 2.5 Sinker 2 2 2 2 -- -- -- ]
enen-H ) 26.5 Sinker 2 15 7y 100 .- -~ --
16ac k-1 1 25.6 Sinker 2 ) 5 Y 10 - -- |
S . ]
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L7. A number of controls were run simultaneously with eusch ;roup
of evaluations., In general, indoor hyacinth controls showed 99 4o 10%
destruction over an 8-week evaluation period. Ouldoor controls showed a
0h to 2% destruction. The use of nontoxic rubher at 10, 9, and 1 g per
container showed no departure from naturar control plant destruction,
Insertion of 0.0l and 0.00Y% cc of 90, teclhinical BEE gave a plant locs

of: (average of 4, outdoor tests only)

Week 1 - 27
Week 2 - 4
Week 3 - 7
Week 4 - 15

48, It is conrluded from the data above that compounds 11ACE-K,
15ACE-B(L), 18ACK-B, and 18ACE-F are superior.

49. The 18ACE ceries uses carbon black and phenolic "microballoons
as a means of repgulating loss rates. In general, the higher black con-
tent, or the more structured (finer particle :ize) blacwk, the slower the
BEE release and hence the slower plant kill.

50. Various phase Il planls used in {ne indoor testis were removed
to outdoor contaliners (o assess the deiree ol permanence of e Jbserved
deterioration. Water in the outdoor conitainers wai Loxic free. ke-
covery of these plants is rated in table CO.

Hl. It is helieved that once a plant exhi.nits 90 or more destruc-
tion it does nol recover; at 79} destruction there is ztasis wita, st
mosb, a very slow regrowih. One group of planbs removed ab (L5 to 857
destruction and observed for 10 weeks showed no new observable above-
water growth,.

52. It is known from instrumental data that initial release shows
a rise to a peak and then a rapid decline to a continuous loss rate. It
is believed, based on similar data from antifoulant and insecticide re-
lease, thal thie initial rise occurs during the first flew days as the in-
evitable surface (ilm cf soapstone, dust, dirt, sulfur, bloom, eir.. is

washed away freeins an increasing amount of surt'oce Lo water contact.
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Table C8

Water Hyacinth Recovery

Rating by Weeks¥*

Compound WkO Wkl Wk Wk3 Wik WKS
15ACE-B(L) 0 0 0 0 0 0 -
15ACE-B(L) 0 0 0 0 0 0
154CE-B(L) 2 5 3 0 0 0
19ACE-B(L) 25 5 7 8 5 6
15ACE-B{H) 0 0 o) 0 o) 0
15ACE-B(H) 10 5 5 0] 0 0
15ACE-B(L) 2 3 0 0 o] 0
15ACE-D 0 o 0 0 0 0

* Rating at time of removal. O indicates plant had
sunk, higher numbers indicate the amount (esti-
mats ) of "green"' remaining on the plant at the
time of removal from the treatment container.

Also the facial ¢ ve structure of the specimen in question, although it
contains no higher toxicant concentration than the total sample, the
molecule : are more available and are lost by both diffusion-dissolution
and simple leaching., As this area rapidly depletes, the loss curve
doeullues wublil bhe diffusion rate Ls reached. Consequently, an experi- -
ment was devisel wherein the sample pellets were kepl in water (with
hyacinths) for 1 week and ? weeks, respectively. After this exposure
period the pellets were removed to outdoor containers and cxposed 1.0
new hyacinths. Outdoor results are given in table (9.

3. After removal of the test pellets from the indoor tests thne
plants continued to deteriorate from the 2,4-D concentration in the
water. This is jllustrated in table C10.

5h. IFive outdoor tesl pools complcetely covered with water hya-

cintiis were trealed witn various compounds with rosults as tabulated
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Table CY

Water llyacii 1 OQutdoor Tesis

% Pellet Presoak Destruction, 7

3 Compound Period, weeks Dose, o Wikl Wk2 Wk3 Wikl Wich

3 1hacE-B 1 a ! 15 15 17 DY

& 15ACE-B(L) 1 2 5 23 Iy 70 100

17ACE-C 1 : iy 2 50 5 9
18ACE-B 1 ' 3 32 Lo L3 60

2 14ACE-B > o o I 5 10 1
5

3 14ACE-B(L) o o 2 3 38 60 85
5 17ACE-C A o 2 o 15 18 o5

P MO T DA N

Table Cl0

Water Hyacinth Indoor Tests After
Removal of Pellets

Fxposure Period, wecks, . Dbestruction,
Compound £0 2-p Dosase Wkl Wke Wk3 Wkl VKD Wkb

14ACE-B
15ACE-B
L/ACE-C
18ACE-B

B A LU R S, Daa s S e A RIS HAL S e

[ = S
o
.
o
C .
=
=
-3
3
Yy
=

o 16 2L 36 L 6YH
JAACE-B 2 A 14 Lo 53 D 100
10ACE-B o o 20 30 56 90 10U
L'7ACH-C z 2 1 10 10 10 14

LOACE-B e 4 19 50 Gy 100 --
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Pools 3 and 10 were hyacinth con’ rols and showed no deteriora-
Pools 12 and 13 showed copious blooming;

below.
tion during the test per.iod,
pool 6 had a few ! 'ooms; and yo.” 11 had no blooms. Conirol pools were
in continuous bloom,

Days (Des'vuction, %)

Poo. Water Dose

No. Vol, gal ppm*¥ __ ompound Type E.R.** 10 25 5S¢ 80 99
6 1468 20  10ACE-D(T)t VYloater 7 10 == == -- -
11 752 20  14ACE-A Suspender 2 6 12 1 22 28
12 752 20  15ACE-B Sinker 18 N T
13 752 50  1lACE-D Floater 5 8 am mm oo -

* Based on weight of pellet and not on weight of active ingredient.
*%¥ E.R. = epinastic respons:.
t 10ACE-D was enclosed in an 18-hr time release capsule similar to

fformulation 20ACE-A.

55. The suspenders be wme enmeshed in the hyacinth root system d e
to wind-driven currents, and it is be'leved -amt the close prox oty of

the riovbon to the plant created .ue dramabtic . iTect shown. Botis sinker.
and surface floaters appeared to be inadequate from “'-. stundpoint of a
rapid kil!. Instrumental analysis ¢ the BEE loss rute, from 14ACE-A,
as rerorted in a later section, indicated such loss to be in the same
order as that for sinkers and floaters. Henc», the ac'ual intoxicatio:

of the phytozone appeared to provi e gre ter efficacy. Observation of

sinking pellebs showed little or no settlement intc ottom mud, at teast

in svatic pool Lests, § ce b
ecules, not droplets) as to create a surface film and, apparertly, much
of the act ve agent remains at the wator surface. Consequent. , sus-
penders, which r:lease from the surface down to 6.%-in. depths have

been postulated to be more effective, and pool tests seem to bear itais

oub.

Elodes

Blodes was procurcd locally and propagated in an 8-ft-diam

-
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vinyl pool. Tests were conducted in l-gal wide-mouth jars with plants

potted, three plants

per jar, and completely submerged. All formula-

tions were tesled. Table Cll illustratec results from superior mate-

rials only. OSpring water at pli 7.0 was used.

used in potting.

Table Cll

FThase 1 Elodea Evaluation

Rich orgunic soil was

Compound  Dose, g

Destruction, %

10ACE~B 0.5
10ACE~G 0.5
10ACE~G 1.0
10ACE~H 1.0
11ACE-D 1.0
11ACE-E 1.0
11ACE-K 0.5
11ACE-E 0.1
1LACE-A 1.0
15ACE-B(H) 5.0
15ACE-B(H) 1.0
15ACE-B(H) 0.5
15ACE-RB(H) 0.1
16ACE-A 1.0
16ACE-A 0.5
1AACE-A 0.1
17ACE-RB 1.0
17ACE-B 0.5
17ACE-B 0.1
1BACE-B 1.0
18ACE-H 0.5
18ACE-H 0.1

Type WKl Wk2 Wk3 Wkl WkS Wk6 Wk7
Iloater P 5 15 25 L5 60 70
Sinker 0 8 18 35 55 75 100
Sinker 5 10 18 L5 65 80 100
Sinker 5 10 20 38 50 70 100
Floater 10 50 80 85 100 -- -
Sinker 80 100 - -- .- -- -
Sinker 2 5 20 60 TS 95 100
Sinker 0O z 2 2 2 - -
Suspender 0 2 2 5 15 25 o)
Sinker 2 2 50 95 100 - -——
Sinker 2 2 2 55 100 - -
Sinker 2 2 2 2 50 60 60
Sinker 2 2 2 2 50 50 50
Sinker 2 2 2 95 100 - --
Sinker 2 2 2 Lo 50 50 50
Sinker 2 2 2 20 35 Lo L0
Sinker 2 2 &5 100 - -~ -
Sinker 2 2 60 100 -- - -—-
Sinker 2 2 50 80 5 7S 80
Sinker 2 5 70 80 80 90 90
Sinker 2 2 aC 90 100 - --
Sinker 2 2 15 2G 20 =5 25

57. It was observed that with lower dosages of 11ACE-D, 1l1ACL-Ii,

and 17ACE-B that, wh

foliage, new green shoobts emerged.

P8

g the plant stem darkened and lost all of 1its
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4“8, Bkighteen control jars were run simultaneously. Of this
number, at the end of the T7-week test period, 13 controls had less than
55 deterioration, two had 15}, one 30/, one 35}, and one 50%.

59. Elodea control with formulations prepared to date appears 4dif-
ficult. At this stage of the developmental program only 11ACE-E,
17ACE-B, 15ACE-B(H), and 18ACE-B appear to be effective. BEE is, of
course, not as effective as other nerbicides for elodea control, and it
may well be that the incorporation of mere adequate toxicants into slow-
release matrices should be considered.

60. In outdoor pool tests, tank 1 was treated with 20 ppm of
18ACE-B and tank 2 was used as a control. A thick biomass was present
at time O in each pool. The nontreated pcol showed little loss, many
and continucus blooms, with most plar . rooting in the 6-in. bottom. In
contrdst, the treated pool showed an increasing loss of biomass with
continual plant deterioration, no blooming, and little or no rooting.

In 28 days the number of plants decreased at least 50%. Fifty-four days
afSer treatment, the elodea was estimated to have decreased to 10% of
its former mass. The pool bottom was visible on most areas. Plants
still alive exhibited a black-brown cecloration and little, if any,

leaves save f'or areas of new budding.

Burasian Water Milfoil

6l. Water milfoil tests, shown in table Cl2, were performed in
duplicate or triplicate with three plants potted per jar. Spring water
of pil 7.0 was used in the l-gal test containers. Milfoil propagation
was poor under the laboratory conditions, and adequate numbers of plants
were not available for satistically valid experiments. Results pre-
sented below are averages of two evaluations only. All tests were per-
formed indoors under artificial lighting. 11ACE-E is believed to be

the superior material in terms of milfoil control.
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Table Cl2

Phase 1 Eurasian Water Milfoil Evaluatiop
DesLrucbion. A

Compound  .ose, g _ Type Wkl Wk2 Wk3 Wkbh WkS Wk6  WkT
10ACE-E 1.0 Flioater 10 13 30 62 62 100 --
10ACE-E 0.5 Floater 7 15 20 Lo 50 Lo  30%
11ACE-D 1.0 Floater 2 Lo 55 55 55 55 60
11ACE-D 0.5  Floater 2 kLo 55 55 05 v5 60
11ACE-D 0.1 Floater 2 25 50 55 55 55 60
11ACE-C 1.0 Floater 10 15 30 75 75 100 -~
11ACE-E 1.0 Sinker 10 15 30 57 100 -~ e
11ACE-E 0.5 Sinker 10 15 37 55 100 -~ -
14ACE-A 1.0 Suspender 10 15 30 60 65 100  --
15ACE-B(L) 1.0 Sinker 10 15 35 4o 52 100 --
15ACE-B(L) 0.5 Sinker 7 10 23 38 Lo 100 @ --
15ACE-B(L) 0.1 Sinker 10 15 Lo 53 53 100  --
15ACE-B(L) 0.05 Sinker 5 10 30 35 Lo 100 @ --
17ACE-B 1.0 Sinker 10 15 15 40 L3 100  --
17ACE-R 0.5 Sinker 5 15 25 3 4o 100 -
17ACE-D 0.1 Sinker 10 iz 30 40 50 10y ==
17ACE-C 1.0 Sinker 8 12 33 68 60 100 -
17ACE-C 0.5 Sinker 10 12 15 58 55 100  --
Control 1 0.0 -- 5 5 5 5 ) 5 5
Control 2 0.0 - 5 5 5 5 5 5 5
Control 3 0.0 -- 10 10 10 10 10 5 5
Control 4 0.0 - 2 15 10 10 5 5 5
Control 5 0.0 - 2 2 o 2 2 2 2
rontrol 6 0.0 - 2 2 2 2 2 2 2
Control 7 0.0 - 2 2 2 2 2 2 -

* New choots developed.

Alligator Weed

62. Alligator weed was evaluated both indoors and ocut, in 9-gai

plastic contaivers,

L4 in, of bottom scil.

Five plants were rooted in each container using

A few grams of fertilizer were added,

profuse and rapid with tops 6 in. Lo & fU oul ol the water.

C30

Winat was

Growth was
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considered to be inadequate indoor lighting had no significant effect on

Table Cl13 illustrates test results of

the rapid growth of the planto.

superior forr alati ns.

mat. . lal.

Table Ci3

Phase T Allipator Weed Evalualion

Again 11°CE-E is beli.ved to be the superior

] Destruction, %

Compound _ Dose, Type . Wkl Wk2 Wk3 Wkh WkS Wk6 Wk
11ACE-E 1.0 Ginker 2 17 80 95 100 -- --
11ACE-E 0.5 Sinker 2 11 30 30 30 ~- --
11ACF-E 0.1 Sinker 2 10 10 10 10 20 20
1LACE-A 1.0 Suspender 2 10 10 10 10 10 10
15ACF-B(H) 1.5 Sinker 2 2 2 2 (1)* (1) (1
15ACE-B(L) 1.0 Sinker 2 2 2 19 20 20 25
16ACE-A 5.0 Sinker z 2 (L () @ (v (@
1ACE-B 1.0 Sinker 2 i 2 6 10 25 30
Control (avg of 7) 2 2 2 2 3 3 3

% ] indicates indefinite or undetermined effect,

63. The 18ACE series is presently under test.
alligator weed was treated with 20 ppm of 18ACE-B.

was no noticeable ¢ ffect.

Fool 7 containing
After 4 weeks there

g
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lsolated r'rom the extraction procedure could then be simply dissolved in

ethanol (which absorbs well below the L4 chiromopores).
06, A major concern in using this technigque was in the possibility
of ethylatiorn. In checkinyg for this no chamre was found in the absorp-

tion peaks even atf'ter allowing samples to remain at room temperature tor

et A 8. st i i g

a week. Bkither elhylation does not shitt the peaks, or it does not

occur Lo any signitficant amount.
o™ in

67. Tu establishing this procedure the 2,h-D acid at 1 » )
etbanol was examined over a 20Y- to LOO-u range (Perkin-Elmer spectro-

Twe major vands were observed: 230 u (L6, transmittance)

and 283 . (O1) transmittance). The latter band was used as it was

0L s e st it

puotometer).

vetter Jdetined and relatlvely isclated.
6. A calibration of transmittance at 083 . for various .,h-D con-

centration levels was performed using a Beclman DU-7 spectrophotometer

(slit width 0.065 mm ror 10075 reference bransmittance thirough pure etha-
nol:. The accompanying graph corresponded closely to Beer's Law,

OY. Arter extraction of the water samples, 10 cc of ethancl was

added to the extreactant, solution occurred, and the transmittance was

measured. By asimgg the calibration curve a ;jiven itransmittance wus in-

k- w:.m;..m,.-,..m e b 49,5

terpreted as welight.
0. Data have been obtained on a number of nmaterials which indi-

3 cate that the herbicide was released. However, the only useiul data

3
K

were those from the superior rormulations. Table Clh illustrates the

measurced loss rates ol LHACE-B, the weighted eud of the suspender.
2

‘YL, The 2~¢ 1LACE-B sample had a surface areca of about 13 cr’.

1ts BEY loadingy was approximately 18 or 0.36 ¢ in the subject sample.

Total loss during the first 22 days was 15.90 ng leaving a residual of

0.3k ¢,  Loss appeared to be steady at 0.9 mg or so per day,
an absolute longevity of 0.3Wh/0.00059 = 625 days (2L months, is possi=
1t appears that dissolution at the interfacial
The first

Hence,

ble, bul not likely.
controlling, and not diffusion within the rubber,

1 give a relatively constant loss ratc until internal

RTINS I T i o e o e e
@]
)
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Table Cll f
}
14ACE-B Release Data
Day 2,4-D Loss, X me b
1 0.96 3
2 1.07 H
3 1.08 |
It 1.11 i
) 1.09 2
6 0.96
7 0.88
8 0.76 3
9 0.6l '
10 0.96
11 0,52 1
12 0.6
13 0.60
1l 0.56
15 0.60
16 0,6
17 G.ve
18 0,45% ;
14 0.9%% 3
20 0.6 1
21 .97 3
22 0.58 s
Note: Beckman DU-2 used.
Settings: PT selector
190-700 u
Slit width: 0.064% mm ]
Sensitivity: 5 3
Zero suppression: Off ;
Screen bias: 4 {
* Compubed as ester (2-g
sample). ]
’

depletion is such that the molecular migration boward the surfacc be-
comes slower than the loss rate. When this will occur has yet to be
discovered. Past experience with soluble toxicant diffusion through

natural rubber would indicatce that the constant loss rate observed will

faladl
v oLt
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nold steady tor I to 6 wmonths, barring rubber degradation, and then drop
rapidly to ilear complete depletion by the 12in month.
‘(2. ‘lhe loss rate data jrathered r'or pertinent compounds are shown
in table C15.
Tacle Ol

Loss naute Pabtn trom Supericr-Candidate

Slow-Release Herbicides

Longev-
BEE* Blackt  PTtt PL# El43 ELS ity 3§
Compound )] Tvpe Curexx pphr days mg/da days my/da months
1L4ACF-B 18.0 Suspender u 0 N 1.11 10 0.56 21
19ACE-B(H) 37.5 Sinker N 0 9 3.85 24 Q.90 27
17ACE-B 37.3 Sinker U 20 < 3 31 18 1.10 22
17ACE-C 32.4  Sinker U 50 3 3.78 13 0.80 29
1BACE-A 0.0 Sinker N o} 0 0.00 0 0.00 0
18ACE-B 33.5  Sinker U+ 0 3 3.67 20 2.50 9
18ACE-D 39.1  Sinker U+ 0 2 6.40 -- -- -
18ACE-E L4,7  Sinker U 50 13 3.78 -- - -_—
18ACE-H 25.6 Sinker U 0 6 3.83 -- -- -
* BEE calculated as the ester.
*#* fyre conditions: U = undercured, Ul - very uwadercured, N = normal cure.

t Carbon black content in parts per hundred rubber, Black serves as a loss rate
modulator.

tt+ PT = time to initial peak release.

+ PL - loss per day of BEE (calculated as the ester,; at the peak time for a 2-g sam-
ple (13 em@).

#+ ET = time to equilibrium and constant loss.

§ EL = loss per dey of BEE for a 2-g (13-cm2 surface sres) sample at the equilibrium
plateau.

%3 Longevity is estimated by use of the formula:

4 BEE X 2 g e
(Loss/day in mg) (30 days/month) lifetime

73. This assumes a continuous loss at the equilibrium level until
depletion which cannot occur. Eventually the diffusion rate will fall
velow the dissolution rate and the curve will drop rapidly to some
threshold release below the phytotoxic level for bLhe dosage used.

74. The phytozone treatment concept involves the release of the
controlling agent in the living space of' the plant, and presumes that

the 2,h-b concentration .s and wiil remain greatest in that area.
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Floating pellebs and Lop suspenders were created in order to more of-

fectlively release the grent in the wator hyacinth phylozone., 0,4-D
{BEB > has a specific pravily of L.00Y at 30 ¢ which mighl swrprest that
Lhis material will rapidly sink to the botlom o1 the treautment water.

Dr. Kerry Steward (UBDA, Fort lauderdale) and Dr. Bdward Gangstad

(Corpa ot kngineers, Washington) surpested thatl the vertical distribu-
tion ot 2,4-D released in the upper water levels be chiecked.

. A Pleviglas Lube with O.h-in,-thick walls, 6 1t high, and h in.
in diameter was stopped with a Plexiplas plug at one end. kntry portals,
l/ﬁ in, in diameter, were drilled at 0G-in. intervals alongs its length.
This unit was erected on a metal ctand, and a larce rubber band (l/? in.
wide) wuas placed over each orifice. By puncturing the self-sealing
band, aliquols could be withdrawn from the center of each level. Washed
Yloaving pellets were placed in the water-filled tube {(pl of 6.9 to 7.0)
and allowed to stand overnight bet'ore any water smmples were taken.

Atter & hr, 20-ml aliguots were taken trrom each level and extracted Tor

] oLl-D content. The extracts were analyzed on a Coleman 101 UV spectlro-
photometer for 2,4k-D content. Tue procedure above was repeated periodi-
cally and tiie data plotted. The resulis oblained for sinkers and

4 Uleaters are illustrated in t'ig. C2. Larly data from the limited tests

lndicated the actlive agrent becomes guickly dispersed with the greatest

concentratlon in the topmost L0V, of ilhe water area. 0ddly enough i*,4-D

seems to concentrate 6 to 1 in. below the surface. Since ithese formu-

lations release their active agent slowly, and thus from early indica-

tions ol zone concenbration the 0,h-D remains near tane surlace, bolh Lhe

T'loater and suspender may enjoy an advantage over other time-release

preparations. In the case ol ithe sinxers, the actlve agent is dispersed
upward rather than remaining at the stream boltom level,
‘(6. Release rate data were calculaled on the most elfective Lormu-

lations by following the precedures described below. A known size and

¥ (Base &9, Amchem ProduclLs Inc., Ambler, Pa.)
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ment of an equilibrium condition, The 2
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Fig. C2. Release rate of 1LACE-B (2,4-D BEE suspender pellets)

vieight of specimen was suspended in 1000 mdl of Jdistilled water. The
medium was changed every Ob hr by removing the sample Crowm one container
and lmmersing it in a container or iresh water Lo preclude the develop-

,-D was isolated by extraction.

E Water samples were frozen to allow analysis al a later date. The 1ol-
: lowing extraction procedure was used.
to
i 77. Graphs of 2,k-D losses are included as fips. €3 Lthrough C4H.
, The percentapes, by weighl, of the butoxyethanol ester of 2,4-D tor
e
] four carrier systems are shown below:
K\
\ ; Bl (Basc &5, &
i 4 System Ly Weisrht
'
S 4 11ACE-E 21,09
: ' 11ACK-C 2.3k
E Ly LOACE-B(L) 37.50
; 1LUACE-A/B suspenders AN
. Bouquets oLl.oy
% 8., The half-lives of the rormulabions can be estimated trom l-g
Y N .
- = samples used in the 1035 rabte situdiza:
o
L 1 oy
E‘ C37
5
r
K
3
b
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The haltr-lives above can be varied by the use of additives or by the al-
teration of surface area (L'ig. €6), Fig. C7 shows the vertical distri-
bution under static conditions of Bkl as a function of time.

7. The dosage rates needed to control regrowth and/or existiug
growbh are not yet xnown., The current practice of' using 1-2 1b of the
I'ree acid equivalent per acre provbably does not apply to the rubber
carvier systems. lor example, consider the suspenders. This compound
contains approximately 2275, by weight, of the buxtoxyethancol ester ol
2,4-D (wnich 797 of the 225 is the equivalent tree acid). Using 17.3%
(percent, by weight, of the free acid} of 4O lb rubber/acre yields
6.921 lb/a“re free acid which would be equally dispersed over a 1life of
perhaps 400 days, and tnus the daily average would be quite small.

80. In the Plexiglas test chamber the water cclumn was held static
in so far as possible. Each orifice was closed by an encircling tight
rubber ring. Aliquots were withdrawn by hypodermic puncturing of the
ring. The rubber was self sealing so that no leakage occurred alter the
needle was withdrawn.

81L. Total 2,Lk-D analysis (as the ester) from a 20-cc aliquot of

the compound 11ACE-k, sinker (30 g). is as rollows:

Total 2,i-D Analysis, mg

Water Depth 11 days 18 days 2). days
1.0 lu. 0.90 2.63 1.69
0.y ft 0.99 3,0l -
1.0 't 3.0k 3.6Y 1.b9
1.5 Tt .38 3.29 -
2.0 ft 3.0h 1.30 --
2.5 £t 2,69 1.1k 1.75
3.0 ft 0.7h 1.51 -
3.5 It 0.33 1.39 --
4.0 ft 1.0lL 1.78 1.3
h.h £t 1.4 1.48 -

CB/'\
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2. The total releascd appecared Lo peak al 18 days with depgrada-
tion being as great or preater than release after this time, Arter
several weehs of sinkers releasing 2,4-D at the chamber bottom the dis-
persion appeared Lo be fairly unitorm. Prior to equilibrium, 2,4-D
seemed to rise rapidly, rirst saturaling lhe surface layecrs and then
gradually extending downward.

83. A 30-g sinker of 11ACE-E contains 6.6 ¢ of BEE. The {otal
water volume in the test chamber was 3L X 103 ce.

84, Total rclease at ilhe maximum point was 21.17 mg in 200 cc, or
3.6 ¢ in the total column. 11ACE-E appeared to release the herbicide
very'rapidly during the firsi few weeks, This may well account for the
promising toxic action observed with several aquatic weeds., Il is also
noted that this material is the manut'actured formulalion prepared in
quantity as a coarse powder. Release is much faster than with the
larger pellets.

85, Total 2,k-D analysis (as the ester) from a 20-cc aliguot of

the compound 11ACE-C, floater (30 g), is as follows:

Total 2,4-D Analysis, mg

Water Depth 2 days 9 days 1) days
1.0 in. 0.169 - 0.63
0.5 ft -- 1.72 0.58
1.0 ft 2.130 -- 0.4
1.5 ft -- 1.61 0.98
2.0 ft - —- .
2.5 ft 1.690 -~ --
3.0 ft - 0.49 -
3.5 ft -~ - -
L.0 Tt 0.096 -- --
L,5 ft -- 0.he .-

This test is still in progress; however, it does appear that herbicide
released from floating pellets tends to remain in the upper layers with

very slow downward diffusion.
86. Several other pertinent malerials have becen examined and the

releage vete par saunsre centimeter ver day on a gliven day after immer-

sion is shown below:
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Release Rate (in mg¥) per
ceme per day on day
5 10 1l 31

Material Type 1

1LACE-A Suspender 0.40
18ACE~11 Sinker 0.60
183ACE-Y Sinker 0.70 .
. LIACK-E Floater Q.15 -

02 0.03 0.0 --

0.07 0.03 --
1« 0.07 -- 0,02
- - 0.17 0.15
11ACE-C Sinker 0.15 0.16 -- 0.03 _
14ACE-A/B Suspender  0.3H%  0.27 - 0.22 §
15ACE-B Sinker 0.27 0.42 -- 0.16 .
14ACE-B Sinker 0.21 0.31 -- 0.22

D=t bl
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* Calculated as the ester. Multiply by 0.79 to compute Lhe
acid equivalent.
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PART X DilASEH LL BVATUATLONS

&7, Phase 1L studies were initiated indoors under growth Ligshts.

@
%

Inivially. the worik desceribed proviously was repeated but with more

e T s, At Ao A B 5 T

£ sophisticated pellets processed by Tuclory cquipment al Akron Rubber
i )
2 Developrent Laboratorics. Tables Clo, ¢17, and €18 are evaluations of
i allipator weod, clodea, and water wilioil, respectively, adfter treat-
5, ment.  only LIACEK-} showed any short-Lers o)teets against allipator :
S d
& woead, and even then atu pellat concentrations Jar above the vractical. i
\
£ 11IACE-D, a floating pellet, docs not appear Lo ve nearly as eftfective as
3 H
i suspenders or sinkers apainst waser @ilrodl,
” Table C16
. Phase 1l Alligator Weed Evaluation
! Dose* 7 Mortality™™
: Compound 3_2,4-D a/gal _Type Wi Wik Wk6
; 15ACE-B 76 0.1 Sinker ) o 2 ]
: 15ACE-B 27.6 0.9 Sinker 2 o 70 ]
. LDAUE-B 37.6 1,5 Sinher 2 10 70

17ACE-C 30.6 0.1 Sinker z h 5 }
" LTACKE-C 32.6 0.5 Sinker 2 0 Y §
B L7ACE-C 32.6 1.5 Sinker 2 2 5
; Control Q.0 0.0 -—- 2 2 2
. 11ACE-D 15.8 0.1 Floater 2 5 5
§ 11ACE-D 15.8 0.5 Floater 2 25 uo
N L1ACE-D 15.8 1.0 Floater 20 32 ks
i control 0.0 0.0 -- 5 5 15
N )
¥ 1IACE-E 22,0 0.1 Sinker 8 12 15
? 11ACE-E n2.0 0.5 Sinker 30 30 65
¥ 1IACE-E 22,0 1.0 Sinker 95 100 100
4 LHACE-A 22,0 0.1 Suspender 1 > )
& ibACE-A 27,2 0.5 Suspender 1 2 2
B LHACE-A 22,2 1.0 Suspender 10 10 5
EW control 0.0 0.0 -- 1 2 2 i
g 17ACFE-B 37.3 1.0 Sinker 8 Lo Lo I
v 1TACE-C 32.4 1.0 Sinker " 15 20 \
L, 1OACE-E 15.9 1.0 Floater 2 2 b
i‘; Cuntrol 0.0 0.0 -- 5 10 10
X 16ACE D! 39.1 1.0 Sinker 6 10 10
: Control 0.0 0.0 Sinker 5 Y 5
A
1 10ACK-E 15.9 0.4 Floater 5 5 5 3
r - 4
; * Grams of pellets. 1
] #* Average OFf Two Or mure replicabes. !
i{ !
b‘ o
% chh
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Table C17

Phase IX Elodea Evaluation

-~ -

R s p PR T

Tiose 4, Mortality
_System 4 2,4-D Zlpai WK WEZ W3 Wkh WS WkE  WK]
11ACE-D,

z tloater 15.8 Q.1 2 25 50 95 55 95 55
3 6.5 2 55 9% 5% 595 55 60
'i 1.6 2 40 295 55 55 S 60
i Controls
¥ tAvy of 0.0 U,0 o] I L N L 5 8
H three,
¥
S‘;

e
}
¥ Table C18
© Phase 11 Water Milroil Evaluation
L
’ Dose 7 Mortality

¢ Compoun 1 % 2,50 gfael Type Wkl Wk2 Wk3 Wkh Wk5 WkE

g 1lACE-C 8.6 0.1 Floater 2 5 10 60 57 55

- 11ACE~C 2.6 0.5 Floater 2 2 2 10 50 80

TIACE~C 3.6 1.0 Floater 2 z 15 20 65 9

LIACE-D 158 0.1 Floaler 10 30 85 e am -

11ACE-D 15.6 0.9 Floater 0V 50 85 ee e -

H I LACE-D 15.58 1.0 Floater 56 B0 85 97 100 100

N 11ACE=E 22,9 0.1 Sinker 2 z 2 12 11 13

11ACE-E 22.0 1.0 3inker 2 2 25 25 90 1w

A}

H 19ACE-E ¥1.6 5.0 Sinker 2 50 95 100 100 100

. 15ACE-B 37.6 1.0 Sinker 2 2 55 95 100 100

4 19ACE-D 3.6 0.5 Ginker 2 3 3 50 W8 -

i 15ACE-B 37.6 G.1 Sinker 2 2 2 50 kb5 a-

g

. LEACK=A 379 1.0 Sinker 2 2 95 yh 100 100

i 16ACHK=A 37.9 0.5 Sinker 2 2 4 50 .- .

i 160E-A 37.5 0.1 Sinker 2 2 20 50 e= -~

E 37.3 5.6 Sinker 2 2 95 106 100 --

. 7.3 1.0 Sinker 2 2 9, 95 92 --

VTACE-E 573 0.5 Sinker 2 2 8B 7 70 --

L/ACE~B 7.8 Ul Sinker 2 2 2 2 2 .-

t

17HCE-C 32 1.0 Sinker 22 20 50 --  a-

b 174CE~C 55 b 0.5 Sinker 2 2 20 18 -4 e

! 1TACE-C 3. 0.1 Sinker 2 2 15 1 ee -

controls (3) .0 0.0 - 2 2 5 25 2 20

¢ LHACE=H 33,4 1.0 Sinker 5 5 % 95 98 100

; 184CE-B 33.9 0.9 Sinker 2 2 20 50 hy ke

‘ 1BACE-~B 33.5 0.1 Sinker 2 2 15 1% 135 50

; LBACE-D 39.1 1.0 Sinker 2 10 20 B0 90 92

i 0.% Sinker 2 16 20 W 50 B0

: 0.1 Sinker 2 19 20 16 12 2
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88, OQutdoor pool tests were begun in May 1970. Results are shown
in table C19.

Table C19

Qutdoor Pool Tests

Pool Dose 4 Mortality

No. Plant Compound ppmw Wkl Wk2 Wk3 Wkh WkS Wk6 WKT
1 Flodea 18ACE-B 1 0 7 20 %0 %0 50 Lo
2 Klolea (0] (6] 0] 0] V] 0 0 0 0
3 Hyacinth e} 0 0] 0 4] Q0 0 0] 0
L Alligator weed o) Y Q o] 9] 0 0 0 Q
5  Alligator weed 0] 0 0 0 0 0 0 0 0
£ ilyacinth 1CACE-D 1 0 2 2 2 2 2 2
7 Alligator weed/elodea  18ACE-B 1 0 2 2 2 5 5 5
8 Hyacinth 1LACE-B 1 0 0 2 2 2 2 2
9 llodea o} 0 2 2 2 2 5 5 5
10 Hyacinth 0 0 0 2 2 0 2 1 2
11  Hyacinth 1LACE-A 1 10 30 75 95 98 98 g8
12 ilyacinth 15ACE-B 1 2 n 2 2 2 2 2
13 lyvacinth 11ACE-D 1 5 10 10 10 10 12 12

The Aramatic comparison between pools 3 (conurol), 11 (suspender), 12
(sinker). and 13 (floater) illustratc the value of treating the phylo-
zone. Suspenders release 2,k-D uat approximately the water surface down
to the f.5~in. deplh.

89, All pools received a second treatment after the initial round
reported in table Cl1l9 with the following observations as shown in
table C20. Compounds remained in the respective pools over the winter.
Plant regeneration, 2,l4-D water content, and continued efficacy of the
formulations were checked in the spring and no regrowth was found.

Y0. The following data, based on experience ahd present work at
Akron Rubber Development laboratories, Inc., allows the prescntation
of the rollowing estimates. IFipures are based upon 10,000-1b lots with

a constant 35% REE active agent.
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. 7
3 Table C2C !
i Secon i ool Treatment 1
3 :
3 Pool Dose 4 Mortality
3 No. Plant Compound Type pmw Wkl Wk2 Wk3 Wkl Wky ;
f - 3
% 1 Elodea 11ACE-C  Bouguet¥ 1.2 2 2 2 2 2 j
i 2 Flodea 0 ] 0.0 0 ¢] 0 0 0
& 3 Hyacinth 11ACE-E  Sinker 1.0 5 5 15 20 32
S N Alligator weed 11ACE-C Bouquet 1.2 2 2 2 5 12
% 5 Alligator weed 11ACE-E  E&inker 1.6 5 5 5 5 15 3
i 6 Hyacinth 11ACE=C  Bouquet 1.3 5 10 15 20 32 i
® 7 Alligator weed/elodea 1LACE-A  Suspender 1.0 2 2 2 2 8 }
b 8 Hyacinth 1LACE-A  Suspender 1.0 5 5 5 i5 30
¥ 9  Hyacinth/elodea 11ACE-E  Sinker 1.0 9 5 8 12 24 1
3 10 Hyacinth 11ACE-C  Floater 1.0 5 5 5 5 35 ?
¥ H
£ 11 Hyacinth 1LACE-A  Suspender 1.0 {1004 mortality) %
E 12 Hyacinth 11ACE-E  Sinker 1.0 5 S 5 10 35 3
4 13 Hyacinth 11ACE-D  Floater 1.0 (30% mortality) i
i 14 Alligator/hyacinth 11ACE-C  Bouguet 1.3 5 5 5 5 Lo 1
3 ;
: * FEach bouquet contains 6 strands, 1.5 ft in length. 1
i |

|4 91l. Raw materials costs are as follows: 1
f A
¢ per_1lb :
% Sinking pellet $0.480 ]
2 Floating pellet 0.49%

] Suspender 0.520

, Time release 0.680 ;

: Bougquet 0.49y é

¥

? 92, The following processing costs (per pound of stock) for each !
; step have been estimated based on a factory cost of $8.00 per man-hour. '

i

i

t

!

Costs
B Time

Step Sinker Yloater Suspender Kelease Bouguet
1. Raw materials handling $0.03 $0.,03 $0.03 $0.05 $0.03
2. Mixing of materials 0.0k 0.04 0.07 0.0k 0.04
3. Distribution 0.01 0.01 0.01 0.01 Q.01
L, Extrusion 0.01L 0.01 -- 0.0L 0.02
5. Cure (preparation) 0.09 0.05 0.06 0.0% 0.05
6. Cure {continuous) 0.01 0.01 0.02 0.01 0.01
7. Pelletizing 0.02 Q.02 0.03 0.02 0.09
8. Binding -- -- - 0.0k4 0.02

{Continued)
cly
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Time
Step Jinker Floater Suspender Release  Bouguel
9, Bagging 0.01 0.01 0.2 0.03 0.0
10. Storage and
transportation 2,01 0.01 0.1 Q.00 O.U0
11. Factory materials 0.00 V.00 Q.U 0,01 V.00
Total ractory labor and .
overhead $0.21 $0.21 FOL7 50,29 $0.0Y
Raw materials $0.48 $0.50 $0.52 $0.608 $0.50
General and administrative
(H5) o.01 0.0 $0.01 0.0 $0.01
Mfe cost (per pound or
bagsed stock) STV $UT2 0,50 $0.98 30

93, Add to tLhese figurecs, setup charges, prorit, warehousin, , and
shipping, and an ultimate purchasingg price of £1.30 to 1.50 per pound is
envislioned.

94, rloating and sinking pellets are easily manurfactured on equip-
ment routinely available with any manufacturer ot rubver goods. nssen-
tially these materials can be nixed by mill or Bunbury, extruded tirough
a ' to €0 hole {1/1G-in., die, into a soapstone/water emulsion, cured on
a continucus line through an air oven (300 i for 3 to 6 min should be
adequate usin; partially precured rubber), chopped, and bagged as a con-
tinuous semlaubomatic process.

95, Bouquets are chopped in 3- to 6-1't lengths of extruded vod,
rather than l/& in. or go for pellets; af'ter chopping bouquevs are
placed in a clamp-binder machine that unites one end of 12 or more
strands with a metal clamp.

96. Suspenders present much greater difficulty in that two uncured
stocks must be matel together prior to cure. This can be done by a con-
tinuous press cure line with two stock feeds, bul it is expensive.
Whereas @& whirling knif'e or horizontal knife chopper can be used with
pellets, suspenders require precublting of 6-in. and l-in. widths of the

two stocks, and then trimming after cure.
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97. Time release Lloaters, as envislioned, do nol lend themselves

)

s bom e it ma

to simple manuractuving processes. Carboeset preparations can be cost

dried from water or wat,er/alconol solutiona: however, this g costly.

Hot~-melt preparations are reasivle, but special cquipment s needed.

A The manutacturing methodelory will Lurn with the envisioned use. 11 the
purpose ot a time release capsule is LO break roligge, this can be sim-

3 ply done by rackaging the r'loating pellets in a large velpnted gelatin

. i e Lozt

capsule, This will release in u tfew minutes to g lew hours. lilowever,

oz eaaicog

if a slow release of pellets is

*y

1eCCssaly Over a few days to a Levw g

months period, the more difricult, and »re expensive, encapsulatlon

will be necessary.

98.  PH2TL2-H, a compound of 100 BEr in a liguid SBi-iype rubber,

was used to itreat water hyacinth. At 1 g/gal an &0 kill was observed

" 53 e VRIS S SRRV

by the third week in indoor tests; 1007 kill was

achiieved in tue 1it'un

R ST TP ] R

week. Lower dosapges were not overly crt'ective. Tests are cerntinuing,
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PART XI: MANUFACTURING ANALYSIS

99. A production line flow is being planned. Preliminary figures
indicate the following rough manufacturing costs, excluding storage,

shippinfg, overhead, and profit.

Compound Type 100 1b 2000 1b 10,000 1b 100,000 1b
1LACE-A/B  Suspender  $5.00/1b  $3.50/1b $2.50/1b $1.50/1b
11ACE-C Floater /$3.00/1b  $2.50/1b  $1.75/1b  $1.25/1b
11ACE-C Bouguet $3.50/1b  $2.75/1b $2.00/1b $1.35/1b
11ACE-E Sinker $3.00/1b  $2.25/1b  $1.60/1b  $1.10/1b

100. The following compounds have been manufactured on a pilot

scale by the Akron Rubber Development Company. 1lACE-C bouquets have

Gompound Quantity, 1lb Type
11ACE-C 100 Floater
11ACE=-E 100 Sinker
14ACE-A/B 115 Suspender

A 11ACE-C 25 Bouguet,

been sent to various interested collaborators. 11ACE~E has been pre-
pared as several grades of rough powder. At 1 g/gal- and 0.2 g/gal—
level, water hyacinth destruction was 80% by the third week (indoor

] bench tests).
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PART XII: ©PHASE II TIME-RELEASl: CAPSULLS

101, The Carboset tfamily of acrylics were utilized as binders in
the erfort Lo formulate a variable time-release capsule, The addition
of various clays to the Carbosets enhanced release time and adjusted the
specific gravity. The addition of varying cure levels lncreased the

lifetime of' the capsule. The following compounds were formulated:

Ingredicnt 21ACE=-A 21ACE-B 21ACE-C 21ACE-D
Carboset 514 50 Lo Lo Lo
Water 25 35 30 35
NHLOH (28%) 5 5 5 5
Bentonite (clay) 18 18 25 --
Attaclay - - - 18
Suspenders

(active agent) 30 15 15 15
Zn0 complex 2 2 -- 2
21ACK~E 21ACLE-F 21ACE-G 21 ACE-H 21ACE-1
Carbosct 531 15 15 - - _
Carboset 526 -- -- 15 15 19
Ethanol 60 60 L5 L5 50
NH,0H (28%) 5 5 5 5 5
7Zn0 complex 2 2 2 2 2
Suspenders 15 15 15 15 15
Bentonite 18 -- 33 -- 33
Attaclay -- 18 -- 33 --
21ACE-J 21ACE-K 21ACE-L 21 ACE-M
Carboset 526 20 30 30 30
NioH (28%) 5 5 5 5
Ethanol 30 ho - 40 Lo
ZnQ complex 5 H 2 i
Suspenders 15 15 15 15
Bentonite Lo 20 20 20

(Continued)
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Tngredient (cont'd) 21ACE-N 21ACE-0 21ACE-P 21ACE-Q
Carboset 526 10 20 20 20
N OH (284%) 5 5 IS 5
Ethanol 35 Lo Lo Lo

21ACE-N 21ACE-0O 21ACE-T 2JACE-Q

Zn0 complex 5 5 2 1
Suspenders 20 20 20 25
Bentonite (clay) L0 30 20 e

The above-listed materials were poured into molds and baked at 150 I

until dry. The solid time-release pellets were then placed in 1000-ml

beakers containing watcr at pl's of 6.5 and 7.5. respectively.
102. karliy indications from the tests established release rates
for two of the encapsulated compounds under static water conditions:

21ACE-A 16-18 days
21ACE-C 30-32 days

The test results will not be directly applicable to field situations due
to their static condition, but will serve as initial guldelines for
further development.

103. The compounding of envelopes Lhat dissolve in 1 to 00 days

with specific gravities from 1.0 to 2.5 may have the following advantapes:

a. lage of dispcrsal.

L. Can be used as elther a pretreatment or postireatment.
c. Applied in slow growth montlis (winter) and rceleascd in
the spring, thus better utilivation ot labor.

104,  The slow release of aguatic herbicides from elaslomeric

matrices offers substantial promise as an cconvmle means off conbrolling
unwanted aquatic growthi. DLaboratory ceiiicacy has demongtrabed the

feasibility of the method, The scope of the past program has encom-

pasged only one form ol 2,4=D which does noi possess a high degree of
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effectiveness against many aquabtic weceds, Counsequently, the program . ?
has been cxpanded to include those agerits having high efficacy arainst ; j
the various plants in question. IMurthermore, slow relcose, to achieve : ;
maximum economy, must act through the ciwonic phytotoxicity rather than ;
the acute. TPresent conventional treatment utilizes massive dosing to ’ ]
rapidly destroy the vest--and requires repeal application within o fow 3
4 weeks or few months. In contrast, the continuous presence of a low ; 3
; level ol phytotoxicity over months cor years will, it is hypothesized, | %
% destroy the game growths. Probably of even greater importance, most . %
3 plants are much nore susceptible when seedlings or ilumature--and re- : 1
; growth can be, it is believed, elfectively prevented by persistent low
gl dosayre. That is, destruction or retardalbion through chronic effects Y ;
g will occur, ;
] i
h 3
y '?.
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PART XI1L: CHRONIC DOSE STUDILS

105, DBrierly, it was the intent of Lﬁe chironie dose study to apply

‘
a continuous low Jdoosc of a nunber of known in-use aquatic herbicides to

&

major aquatic pest plants. Various chronic dosapre rates were Lo be
used against mature and immatwre plants. Exposure time was likewisce 1o
be varied ranging from two weeks to fowr months. Ilants werc Lo be
continuously obscerved and effects recorded.

10C. A number of L-gal jars and 5S-gal baskets were set up contain-
ing three or more mature plunts. Two dislinet cxperiments were under way
(outdoors): (u) accunulative dose effects by adding a measured amount
of herbicide each day; and (b) adding a daily hesbicide dose, but with
the water changed cach day. In the latter case dose was held Tairly
constant..

10¢7. ‘'Poxicant levels of 0.1 ppmw, 0.0l ppmw, and O0.C0OL ppmw were
used. Also run in parallel were control plants (no dose) and 1. ppmw
as a typical, though low, conventional dose rate.

108. The following cvaluations were under way:

lHerbicide rlant
Dichlobenil Flodea, naiad, milfoil
2,4-D bulylester klodea, hyacinth, milfoil
Fenuron Elodea
Silvex llyacinth, milfoil, alligsator weed
2,4-D dimethylamine Hyacinth
Fenac Milfoil, vallisneria, allipator
weed, naiad, cabomba
2,4-D butoxyethanol ester Vallisneria, miltoil
2,4-D oleylamine Hyacinth, milfoil
2,4-D acid Hyacinth, allipgator weed

109. It was also plamned to initiate the following when herbicides

were received:
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Herbiedde __Plants
Endothal acid Elodeg, miliifoil, cabomba
Acrolein Elodea
Indothal amine Elodea, hyacinth
: Diquat Blodea, hyacinth, wmilfoil,
3 naiad, water letiuce ki
& liydrothol Blodea
A
E Endothal (disodium) Cabomba ¥
% 1
é 110. Tests were initiated in June. However, rurther work on ¥
E this study will not be reported on the subject contract as it has been 5
g terminated. All studies were performed in duplicate.
¥ 111. Tables €21, C22, and (23 show the initial results.
3
3
g
£
E
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Table C21
3
Chronicity Study: Accumulated Dose
] Dose No. Days to 4 Plant Deterioration
. rlant agent mmv 55 10% 501 10f 0 50 60 70 B 90 100 ;
Naiad Yenac 1.0 2 N L
Naiand Fanac 0.1 3 b
daiad _ ¥enac 0.01 i
Naled Dichlobenil 1.0 3 I 5 5 5 6 2
Naiad Dichlobenil 0.1 6 6 6 :
tiniad Dichlobenil 0.01_ & |
Elodea Dichlobenil 1.0 2 3 3 3 L 5 55 )
Elodea Dichlobenil 0,1 3 3 5 6 6 6 6 6 ]
Flodea Dichlobenil 0.01 4 5 ]
Blodea Feuac ) 1.0 3
Flodea Fenac 0.1
Elodan Fenac 0.01
Vallisneria  Fenac 1.0 2 2 2 3 R %
Vallisneria  Fenac 0.1 ped 2 3 3 3 :
Vsllisneria  Fenac 0.01 5 ;
Vallisneriz  BER - 1.0 L5 i
Vallisneria  REE 0.1 5 3
Vallisneria _RBEE 0.01 — <
Milfolil 2,1-D butyl 1.0 1 ? 2 3 TR -
}Milroil 2,hD butyl 0.1 1 2 2 3
i Milfoll 2,4-D butyl 0.01 5
3 Miifoil Fenac 1.0 1 2 3 L NN
Milfoil Fenac 0.1 1 2 2 b
Milfoil Fenac 0,01 L 3
Milfoil REE 1.0 1 2 2 2 3 3 3 3
4 Milfoil BEE 0.1 2 3 3 1
3 Milfoil BEE 0.01 3 ) 3
] Mi1foil 2,b-D oleylamire 1.0 1 1 2 2 3 3 3 3
3 Milfoil 2,4-D oleylamine 0.1 1 2 3 3 3 i
; Milfoil 2,4-D oleylamine 0.01 3 3 1
Milfoil ~ Silvex 1.0 1 2 2 2 2 2 2 3 3 3 3 ;!
! MilfToil Silvex 0.1 1 2 2 2 2 3 3 "
Milfoil Silvex 001 2 3 3 3
Cabomba Fenac 1.0 3 3 3
: Cabomba Fenac 0.1 3 b 5 :
; Cabomba Fenac 0.01 ?
{
. E
A ;
f ]
k- B
3
C56
!
¥
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Table €22 1]
Chronicity Study: Rasket Tests
Ixperiment 1
Weckly Readings, %
Dose _Deteriorated
Mlant Agent , omw Wkl Wk2 Wk3 Wkl
Hyacinth 2,%-D butyl 0.1 2 o 2 5
Hyacinth Silvex 0.1 2 2 10 50
liyacinth 2,h-D oleylamine 0.1 2 b 15 -
{ - ,
, Table C2-
3
Chronicity Study: Constant Toxicant Level
Lxperiment 2
}_‘ Dose No. Days to % Plant Deterioration
: Plant Agent _ ppne 5% 10F 20% 30 10 50 60 70 80 90
Cabomba ¥Yenac 1.0 2 3 3 oo
Cabomba Fenac 0.1 3 3 h
Cabomba Fenac 0.01 4
Milfoil 2,4-D butyl 1.0 101 2 2~ 3 3 3
Milfoil 2,-D butyl 0.1 1] 4! 2 2 3 L W 4
Miltoil 2,h-D butyl 0.01 3 3 4 oo g
Milfoil Fenac 1.0 1 1 2 2 2 3 3
Milfoil Fenac 0.1 203 4 i
Milfoil Fenac 0.0} 2 2 k
Milfoil 2,h-D B 1.0 1] 1 2 2 2 2 3 3
Milfoil 2,4-D BEL 0.1 1 2 2 3 :
Milfoil 2,h-D REE ol
Vallisneria Fenac 1.0 2 2 2 303 4 b Kk
Vallisneria Fenac 0.1 2 03 h ook ¥
Vallisneria Fenac 0.0l p)
Elodea Dichlobenil 1.0 2 2 3 5 b b5 5 5
Elodea Dichlobenil 0.1 Lok 5
¥lodea Dichlobenil 0.01 3
Elodea 2,4D butyl 1.0 ] 1 ] 303 03
Blodea 2,h-D butyl 0.1 13
Elodea 2,h-D butyl 0.01 .
Naiad Dichlobenil 1.6 54 L T T i
Naiad Dichlebenil 0.1 Loy Y A
: Naiad Dichlobenil 0.01 % %
i .
i 1
cs7 ;




112,
densities,
herbicides

113.
slowing of

the amount

PART XIV: CONCLUSIONS AND DISCUSSION

Since rubber can be manufactured in a variety o shapes,
etce,, its use as a regulating membrance for the relcease of
allows the evaluation of the phytovone intoxication concept.
Carbon black, as an additive, will retard loss rate. Such
internal diffusion is probably proportional, to & limiti, to

of black used and inversely proportional to the particle

size. Both black and phenolic "microballoons" can bLe used as an arti-

ficial means of exceeding the solubility limit of BEE in naturzl rubber.

1i4. Naiural rubber, because of its Low cost, high biodegradation
potential, and high solvency for BiE is the proper matrix choice.
115. The superior candidate formulations are listed in table €2k,
Table Coh
Superior Candidate :jlow-Release lierbicides
(Ranked in Order of Efticacy)
Release Rate longeviiy
Target Formulations % BEE mg/cmg-d&y Tyve months
Water hyacinth  1LACE-A,B 22/18 0.03 Suspenders 21
11ACE~FE 22 -2 Sinkers --
18ACE-RB 3l 0.19 Sinkers Q
1BACE-F 28 -- Sinkers -~
Elodea 11ACE-E a2 -- Sinkers -~
(potted) 17ACE-B 37 0.08 Sinkers 22
15ACE-B(H) 38 0.07 Sinkers 27
Water milfoil 11ACE-E 22 - Sinkers --
(potted) 14ACE-A,B 22/18 0.03 Suspenders 21
15ACE-B(?) 38 -- Sinkers -
17ACE-B 37 0.08 Sinkers 22
Alligator -reed 11ACE-E 22 ~- Sinkere --
(potted)
116, The inferiority of floating pellets is marked in the

S e Tl e e e
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3 13 laboratory. However, field conditions may be such as to allow mixing of 3
' 9 . . R . . 3
; 4 the 2,4-D surface-film release with possible adequacy in the natural
.. 3 enviroament. B §
3 3 N p
: ] 117. The first year's effort demonstrated that (a) the :
' i butoxyethanol ester of 2,4~D can be incorporated in simple, inexpengive, g E
£ . |
% elastomeric matrices and will (b) release into a surrounding water :
§ environment via a diftusion dissolution mechanism, and will (c) destroy N 3
1 k water hyacinth, water milfoil, and probably elodea, |
H . c1 s . : ;
P { 118. During the second year the feasibility of manufacturing pel- ] X
3 E lets and suspenders was shown, although costs were high. Future costs :
% will, of course, depend upon demand. High demand will encourage full- :
: scale manufacturing and prices of around $1.5C per pound. i
% 119. Lifetimes in excess of 9 months have been estimated from 3
. R L]
: loss rate analysis. i
] -
} ;
]
i
}
i :
i 1
| g
1 . !
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APPENDIX D

DISSIPATION OF 2,4-D RESIDUES
IN PONDS, LAKES, BAYOUS,AND OTHER

QUIESCENT OR SLGWLY MOVING BODIES OF WATER

University of Southwestern Loulsians
Lafayette, Louisiana
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wessional approvriation for that purpose in 1897.
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DISSIPATION OF 2,4-D RESIDULS IN 1'ONDS, LAKES, BAYOUS,
AND OTHER QUIESCENT OR SLOWLY MOVING BODIES OF WATKRX*

by

Fdward 0. Gangstad and William K., Averitix®

Abstract

This ctudy was made Lo determine 2,4-D residues and their

dissipation rates in surface waler atf'ter treatment to control

aquatic vegetation. Parameters tound to affect residue levels
are: rate of treatment ror 1-, h-, and 10-1b acid equivalent

per surface acre; dilution in water for 1-, 3-, 9=, and 7-{L
depthss mecan temperature for April, May, July, September,
November, and December treatments; anl elapse time tor 1, '/,
14, and 28 days atter treatment. Partial correlation analy-
ses indicated that all ractors contributed {¢ the rate ot
dicsipation, and s partial regression eguation vas Jeveloped
for prediction of residues af'ter herbiside treatment. For
the standard level of ireatment, i.e. 4-1b =acid equivalent
per acre, the dicsipation rates are:  $8-ppb decrease in
residue for each 2-It increase in Jdepth of watcr treated;
115-ppb decrease in recidue for each 10 I increase in iem-
perature above 6O F mean tenperasture; and 53-ppb decrease in
resifue for ecach 7-day interval of time after trcatment.

Introduction

1. The U. 8. Army Corps of bnginecvrs has been actively enpaged in

the control and eradication of obpnoxious plants since the {irst Con-

Water hyacinth

Research Conlrivution of the Office, Chief of knginecrs, Washington,
D. C., and the University of Southwestern Touisiana. Tafayette,

Ta., under contract DACW-68-C-0006. Taper presented at the Naitional
Meetings of Weed 3cience Socliety of America, February 9-11, 1971,

Dallas, Tex.

Chief’, Agquatic Plant Control, Office, Chiel ot Ingincers, Washingtlon,
D. C., and Asgociate Professor, Department of Chemlcal Fnpineering:,

University of Southwestern Louisiana, respectively.

Preceding page blank ,
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Bichhornia crassipes (Mart) Solms) and alligaler weea (Alternanthera

philoxeroids (Mart) Grieb) have been the most serious plant problems in
Louisiana and other stales of the Atlantic and Gulf coasts. Mechanical
methods were originally used for uguatic plant control, but these
methods have been largely replaced by chemical and blological methods
which are more economical and more effective. Because data on the rate
of dissipation of 2,4-D residues in the aguatic environment are gquite
limited, the purpose of this study was to Jdetermine the amounts of
2,4-D residue in surface water after treatment tc control aqualic vepe-
tation and the time required tor these residues to be dissipated,

Parameters affecting residue levels

2. The concentration ol detectable amounts of the herbicide 2,4-D
in surface water is Jnown to be determined by such abiotic (nonliving)
factors as the rate of treatment and the extent of dilution as affected
by depth, flow, cr addition of waler to the gystem. Photodegradationl
and absorption of the hydrosoil2 are not found to be major routes lfor
reduction of 2,1-D residues, but biodegradation vy miornorganisms3 and
metabolism hy plantsh are round to be major routes ot hierbicide decom-
pocition. Temperature and time are important parameters affecting the
rate of dissipation because they arce known Fo influence biological
processes to a large degree,

Foological effects of herbicide treatment

3. Direct effects of repeated usce of herbicides such as 2,4-D on
the aquatic enviromment are relaiively wminor if the herbicides are used
properily. lndirect effeeis may conceivably resulii in pecticular changes
in the envirommental cysiem over a period of time. These changes,

however, are nol necessarily detrimeuntal, for single orpganisms are notb
indispensible to an ecological commuaity and many different organisms
compete for the game niche, The wosl obvious ecological effect of
herbicide application is the reduction of the plant population to an
earlier pcint in the succession. This again is not a serious or

lasting problem because many different organisms are Known to be able

DL

RO S e |

OO S YN G T IR I et R VGNP ST PSP ee) §

afada Db m . i o

ol b ik

i b e S




B, TV A T A R T AL YT 5, kR ¥y, P AR S BT B

SYNEpIp———— AR N R AL TSR AR ‘}
1

weed around the outside perimeter which was made available for testing
in September 1966.

[P

Chemical control at this location had not been ;
previously attempted. The dimethylamine salt of 2,4-D wus applied by i
boat as a coarse spray at the rate ot I 1b EE/A for plots approximately %
one-hundredth ot an acre in size. Samples were taken at regular in- %
tervals within each plot, and analyred for 2,4-D. i
11 Additional fieid studies on the residues of 2,4-D in surface i %
water were initiated at Spanish Lake, New Iberia, La., in May 1968. %
¢ Two test zites were selected in a small canal which was closed al one %
; end and was adjacent to the lake. Test plots were 50 by 4 1t in area %
; in a solid mat of alligator weed. The water depth was approximately %
§ 5 ft. DPlots were treated in the usual manner at a rate of 1 and 10 1b %
E _gg/A on 23 May and 29 June. Within each test plot, four arcas were %
% sampled about 6 in. below the surtace. The data are reported at the i
% level of treatment and computed at a level of 4 1b gg/A for comparison i
g with other treatments.,
E
g Resulls and Discussion

12. Laboratory and field data are summarized in tables Dl and D2,

respectively, for test site, month of treatment, rate of treatment,

e - 2 NG WA A * S Fasa T e

ARG B

long-range temperature, and residue levels of 2,4-D in partis per billion

for 1, 7, 14, and 28 dayvs after treatment. Substantial difTerences

for particular conlitions are observed within each study.
Laboratory tests

el b B SN, BN

13. Results of plastic pool tests for 2,4-D dimethylamine and the

W (T g er )

propylene glycol bulyl cster tor November and May treatments indicate

gt

the relative differences due to {ormulation and month of application.
At 28 days after treatment, residues of 279 and 527 ppb were observed
for November with an aversp;e temperature of 61 I as

compared with

34 and Ok ppb in May with an average temperature of 75 . The 2,4-D

amine was dissipated more rapldly in both November and May treatments.
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Reeldues of 2,h=0 {(in parts per billion) ;
in Surinee Wiler, Laborstory Testas .
) i
App tization Water Long=han.re 3
FUERER Menti Tl Depth Mean Temp Duys Arter Treatment {
Site Trontet _ ]!/;.\ UL e}.“ 1 ¥4 -'jl ’8 3
Plustis Sov L ) BN 356 hur L82 2%u i
poolsy Lov 3 1 ) 307 HU6G 62 291 i
i
; Mean 330 g 00 2y i
i R . _ , 3
Pruatd iiov i 1 €L L50 L7 752 W3 ;
‘ P00 oK Lov h 1 ] 37 386 OBl 603 ,
% , s - !
Ment A120 381 YT 527 3
1
P~ N - El
X Plactic Moy 4 H (5 (359 31 11 i
ool sk Hay ' 1 75 G657 13 53 ]
3
: Menn LT 530 20 3 i
1
. Placti- May 8 1 h TR T S0 he :
: 1001 ¥ My Iy 1 (s B 1260 Koo 29 :
, Mean A3 8y 52 64 i
Suwirndnge Moy h 3 o 520020k 168 0 32 j
£ ' - - ) y
j 1ooiat Muy i 3 75 150 ALy 2h% 0 24
i
! PR o ~
1 . Meon 106 283 2030 28
H
F_ : S i Juizy i 3 302 L3 2k W8 53
¢ roulst Juiy IR 3 B Beo 200 38y 25
; Mean 6L 220 166 B i
{ :
J tiay 1 3 7Y 13 66 k2 16 ;
: Jui; 1 3 B2 97 w8 33 :
j y
Mean 21 72 %0 25 £
) . .
! Swirizing: SE 10 3 5 108 51 371 133 3
. roulst July 1w 3 o 109 S0 B33 107 E
Mennh 15 511 Lo2 120
o
Teast sirnificant, difference o = 09 17% 3 3 o
Jeest sipnificant, difference ¥ = 01 2h7 Wy 5 8y E
i ¥ ouldoor pools, coverced Lo kegp out rainfall, b £L by 2 1t by 1 £1, Lalayette, ;
Lea.. Lreate: with 2,0=D amine sadt,
4 ¥%  Qut lour jools, coverct Lo kecp out rainfall, & L by 3 ft by 1 1't, Lafayette, :
Irie, treated with 2,0-D enter,
3 t  Qutioor pools, not coverci to keer out rainfall but oijuctea Lo a constant 1
level, lew lberia, La., trested with 2,01 amine calt. i
j i
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weed around the outside perimeter which was made available for testing
in September 1966.  Chemical control at this location had not been

previously Qttempted. The dimethylamine salt of 2,4-D was applied by

boat as a coarse spray al the rate ot 4 lb EE/A Tor plots approximatlely

one-hundredth of an acre in size. Samples were taken at regular in-

:

tervals within each plot, and anailyved for 2,4-D.

- K
é 11. Additional {ield studies on the residues of 2,4-D in surface %
é water were initiated at Spanish Lake, New Tberia, La., in May 1968. 3
: Two test sites were selected in a small canal which was closed at one

E end and was adjacent to the lake. Test plots were 50 by i £t in area

é in a solid mat of alligator weed. The water depth was approximately

5 ft. Plots were treated in the usual manner at a rate of 1 and 10 1b

gg/h on 23 May and 29 June. Within each test plot, four areas were

sampled about 6 in. below the surt'ace. The data are reported at the

level of treatment and computed at a level of 4 1b gg/A for comparison

with other treatments.
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Results and Discussion

(L TE ST

E 12. Laboratory and field dala are summarized in tables D1 and D2,
regpectively, for test site, month of treatment, rate of treatment,
long-range temperature, and regidue levels of 2,L4-D in parts per billion

for 1, 7, 14, and 28 days after treatment. Substantial differences

for particular conditions are observed within each study.

Laboratory testo ;

13. Results of plastic pool tests for 2,4-D dimethylamine and the
propylene glycol butyl ester for November and May treatments indicate
the relative differences due to formulation and month of application.
At 28 days after treatment, residues of 279 and 927 ppb were observed

for November with an average temperature of 6L I as compared with

ot ot il 2

34 and 64 ppb in May with an averape temperalure of 7% F. The 2,4-D

amine was dissipated more rapidly in bolh November and May treatments.
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Table D1 ;‘
)
Resdiues of 2,4-D (dun parts per billion) ;
in Surtuce Waler, Taboratory Tesls
— - 3
Application Wator Long =han,je E
Yest, Month 3 Depth Mean Temp Days Arter Treatment
Site Treatet Tt oK 1 7 RIS 1
Prasti. Hov i 3 1 356 huo o w82 259
poolss Hov i 1 el 37 506 62 29l 3
) i 4
Mean 331 Loy GO 2rn 5
M
Tinsuie liov ) 1, i1 hso et ve3 N 1
OO A% liov h 1 ¢ 37h 3560 68k 63 i
Mo 41> RN 50 '
Moan 412 381 717 527 i
Pla-ti: My ‘f' il ) ‘.59‘ 50 31 11 %
poolsk May b 1 75 G657 13 oY ]
Moan L7 03 22 3h -
Pluctin May L 1 ) 739 2 560 ko
DOOT s¥¥ May L 1 ) S 126 Hs] 89 3
Mean 331 &y 52 Oh
k.
Swirming May I 3 74 H2 206k 168 32 ;
nool ot Max L 3 75 166 312 288 2k ;
Mean 30k 283 »oc3 0 28
Swdraning July h 3 3o B3 2h0 WS 53 ‘
roolst July b 3 R Beoo2uu 185 28 A
Mean 6L 220 166 bl
wirmin, - riay 1 3 T 13 66 Lo 16
reolat July 1. 3 82 290078 v 33
Mean 21 72 50 25
Svedanmin,- May 1.0 3 7H 108 51y 371 1334
poulst July 10 3 &2 199 S0k 433 107
Mean 150 511 W02 120 i
least sicsnificant 4ifference I = 05 175 3¢ 39 60 :
Teast significant di‘fevence P = 01 2h7 L3 55 35
¥ Quidoor pools, covered to keep oubt rainlall, h 't by 2 t't by 1 rt, Latayette, }
Ta,. treatei with 2,4-D amine calt. )
#%  Qut-loor pools, coverei to kecp out rainfall, ) 1't by 2 £ by 1 £, Lafayctte,
La., treated with 2,5-D ester.
t Qut ioor jools, not covered to keer out raint'all but aijusted to a conetant,
level, Hew Iberia, La., treabes with 2,0h-D amine salt.
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Results of swimming pool tests at 4 1b ae/A al the 28ih day did not dif- :
fer significantiy from plastic pool itests, but are substantially lower '

for the first dates of sampling.

1%. Results of field sludies as listed in table D2 for residues
of 2,L4-D show the samc genersl trend to decrease willi time as days after
application, and were reduced to about 100 ppb, 1k Jdays after trealment
when applied at a level of 4 1b gg/Ao At the initial stapes after
treatment, relatively large differences in residue were observed, re-
lated to test site. Residues in Mouten Pond, Rogers Pond, and the Park
Lagoons were relatively high on the first date of sampling bul tended
to decrease rapidly thereafter. Residues at Bayou Teche and Spanish
Lake were low during the first date of sampling, tended to increase up
to the 7th day after treatment and decreased rapidly after this point.
It is assumed that these discrepancies are due to absorption on the
vegetation and hydrosoll and later released to the surface water. Water
hyacinths treated in December in Bayou Teche were killed completely by
the tenth week after treatment as compared with the tourtlh week atter
treatment in Rogers Pond, treated in April. It is assumed that this
difference in rate of activity is due to temperature. Ditferences in
the regidue level are apparent for depth of water and rates of appli-
cation in the City Park Lagoons snd in Spanish Lake treatments.

Partial correlatlion analysis

15. The parameters observed in tables D1 and D2 are the most
obvious effects rclatcd to ifield applicabtions that is, the rate in
pounds acid equivalent per acre, depth of the water treated, mean tem-
perature of the aguatic environment, and time lapse in days after
treatment. liowever, direci inspection of the data does not lead to
definite conclusions as to which of thece funclions has the pgreatest
effect on the dissipation of 2,li-D residues, nor to which conditions

are most critical for rapid dissipation.

16. TFor further evaluation, the data were processed for partial
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correlation analysis and the results are swmmarizcd in table D3 for the

input summary and the correlation matrix.

most of the variability is in parts per billion residue of 2,4-D.

The input summary shows that

The

standard deviation and the coefticients of varistion in percent ot the

mean are also greatest in parts per billion 2,4-D.

a number of unmeasured factors contribute Lo this variability.

Table D3

It is assumed that

Input Summary and Correlation Matrix of Partial Correlation

Analysis of Rate, Depth, Temperature, Time, and Residue

Input Summary

Variable Mean Variance Std Dev CV% M
Rate, lb/surrace
: area. X1 L. 375000 5.518868 2.34g227 53
‘ Depth, ft X2 3.475000 3.798113 1.948875 55
. Temp, F X3 73.687500 59.713050 7.727H22 1k
; Time, days after
; treatment Xk 1k.243750 92.81046 9.63h024 68
¢ Residue, ppb
i 2,4-D X5  177.356250  50729.513793  225.232133 128
i
| Correlation Matrix
| Rate, 1b/surface
area X1 1.000000
Depth, ft X2 0.042272  1.000000
Temp, F X3  0.092763 0.091773  1.000000
Time, days after
treatment X4 -0.000729 0.003894 -0.002772  1.000000
Residue, ppb
2,4-p X5 0.159427 -0.278733 -0.396324 -0.325054 1.000000
17. The correlation matrix chows a positive relation belween the
rate ol application and the rcsidue level and nepative relations to
: D1l
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other variables. Thus, the increase in the rate of treatment increases
the residue concentration, the increase in depth reduces the residue
concentration, the increase in temperature rcduces the vesidus concen-
tration, and the increase in time after treatment reduces residue con-
centration. These relations conform to generally observed rates of
herbicide action in field operation.

Multiple repression equation

18. PFor further study of these different functions, the multiple
correlation coefficients were calculated, using the TYMSHARE STEPREG-1
program, holding each variatle constant with forced exclusion of esach
variable. The index of dependent variable X5 (ppb residue) and analysis
of variance are given in table D4. The highest multiple index of de-
termination was obtained with X5 as the dependent variable, including
all variables measured. The partial correlation is highly significant
(r2 = 0.36433 R = 0.60), accounting for 36 percent of the total varia-
tion. The greatest slope is obtained for X2 (depth) and the least for
X, (time). The multiple regression cqguation is: XS = 11k, el
- 11.U66K, ~ T.5989K), - 28.9349K, + 19.7998X, -

Practical applicatioq

19. The dissipation of 2,4-D residues as stated above depends upon
a number of partially dependent variables, namely, rate of application,
dilution, temperature, time after application, etc. While it is desir-
able to determine these factors individually for scilentitic evaluation,
from a practical point of view it is sufficiept to know the combined
rate at which these changes take place and the level at which they have
a negligible effect. Table DY has been prepared to give the predicted
values likely to be encountered in field practice. From the generalized
equation as discussed above, we obgserve for the gstandard level of ireat-
ment, i-e., 4 1b gg/A, the dissipation rates are: 58 ppb decrease in
residue for each 2-ft interval increase in depth of water treated;
115 ppb decrease in residue for each 10 F increase in temperalure above

60 F mean temperaturc; and 53 ppb decrease in residue for each T-day

D12
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Table Dh

Index of Dependent Variable 5 and Analysis of Variance

P Mo by s cad s cmcn N,y

_Index of Dependent Variable 5

Step 1 variable 3 added, index = 0.157073
Step 2 variable 4 added, index = 0.263449
Step 3 variable 2 added, index = 0.322061
Step 4 variable 1 added, index = 0.364291

Multiple index of determination = 0,36L291
F ratio U.1HH:22.2056%

Analysis of Variance

Variable Coefficient Variance T-Test Beta
Yonstant. 11k, b6l 19,956.3180 8.101h*
3 -11. %666 3.5ho2 ~6.0926% -334.2193
4 -7.5980 2.0y -5.0752% =17 (. 6924
2 -28.9349 55.3139 -3, 8905%% -33Lh.0151
1 19.7998 38.0737 3.2088%% 1898.30u49

*  Highly sipgnificant, P = 01.
*¥%  Significant, P = 05,

interval of time after treatment. Because ¢f the generalized nature of
this study, the predicted values are likely to apply Lu most arcag of
the Atlantic and Gulf coast.
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Table DY
Predicted Residue Levels (in parts per billion)
Aprlication
Rate Depth Days After Treatment
1b/acre £t Temp, °F 1 7 14 28
2 3 o Lo2 356 303 196
70 287 2kl 188 81
80 172 126 72 --
5 60 3k 208 2Ls 139
" 229 182 1306 24
80 ik b6 16 --
7 GO 286 ~ho 187 &
¥(® 171 125 72 --
80 511 =~ --
i 3 £ Lhz 396 3ha 236
7O 307 281 28 121
30 212 16 113 ‘v
5 6o 38k 337 28h 178
0 269 223 170 64
3 154 108 55 --
7 6u 326 279 227 120
0 210 165 112 6
80 96 51 -- --
8 3 60 520 b7h holo 31y
70 Loy 360 307 200
30 291 26 192 86
5 (0 UG3 k17 30h 257
70 shE 202 2h9 143
GO 233 197 13k 28
7 60 hoos 359 306 199
70 290 2 191 8h
8o 7Y 18 760 --
DL
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