US Army Corps
of Engineers

ALFRED COFRANCESCO

AQUATIC PLANT CONTR
RESEARCH PROGRAM

TECHNICAL REPORT A-88-9

AQUATIC PLANT IDENTIFICATION AND
HERBICIDE USE GUIDE

VOLUME |: AQUATIC HERBICIDES
AND APPLICATION EQUIPMENT

by
Howard E. Westerdahl and Kurt D. Getsinger, Editors

Environmental Laboratory

DEPARTMENT OF THE ARMY
Waterways Experiment Station, Corps of Engineers
PO Box 631, Vicksburg, Mississippi 39180-0631

November 1988
Final Report

Approved For Public Release, Distribution Unlimited

Prepared tor DEPARTMENT OF THE ARMY
US Army Corps of Engineers
Washington, DC 20314-1000



Destroy this report when no longer needed. Do not return
it to the originator.

The findings in this report are not to be construed as an official
Department of the Army position unless so designated
by other authorized documents.

The contents of this report are not to be used for

advertising, publication, or promotional purposes.

Citation of trade names does not constitute an

official endorsement or approval of the use of
such commercial products,



ALFRED COFRANCESCO

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE

Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Exp Date: Jun 30, 1986

1a. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
Unclassified
2a SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION / AVAILABILITY OF REPORT

Approved for public release; distribution

2b. DECLASSIFICATION / DOWNGRADING SCHEDULE N
unlimited.

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
Technical Report A-88-9

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
USAEWES (If applicable)
Environmental Laboratory
6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
PO Box 631
Vicksburg, MS 39180-0631
8a. NAME OF FUNDING /SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)
US Army Corps of Engineers
8c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
- PROGRAM PROJECT TASK WORK UNIT
Washdngton, DU 20315-1040 ELEMENT NO. | NO. NO. ACCESSION NO.

11. TITLE (Include Securig Classification)
Aquatic Plant Identification and Herbicide Use Guide; Vol I: Aquatic Herbicides and

Application Equipment

12. PERSONAL AUTHOR(S)
Westerdahl, Howard E.; Getsinger, Kurt D.; Editors

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) |15. PAGE COUNT
Final report in 2 vols| from T0 November 1988 222

16. SUPPLEMENTARY NOTATION
Available from National Technical Information Service, 5285 Port Royal Road, Springfield,

VA 22161. Volume II identifies priority nuisance aquatic plants and registered herbicides.

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP

See reverse.

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

Volume I provides information on the use and fate of US Environmental Protection
Agency-approved and registered herbicides for managing nuisance aquatic vegetation in US Army|
Corps of Engineer projects and navigable waterways. These herbicides include acrolein,
copper, 2,4-D, dicamba, dichlobenil, diquat, endothall, fluridone, glyphosate, and simazine.
Information on adjuvant classification and use is provided. Site factors affecting herbicide
selection, such as water body uses and constraints, water quality, and hydology, are dis-
cussed. The selection and calibration of herbicide application equipment, for use with
liquid and granular formulations, is examined.

Volume II 1s a plant identification and herbicide susceptibility guide for nuisance
floating, emersed, and submersed aquatic plants. Color plates, line drawings, plant and
habitat descriptions, and distribution for over 50 species are included.

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
& uncLassIFIED/UNLIMITED  [] SAME AS RPT. [ DTIC USERS
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) | 22c. OFFICE SYMBOL
DD FORM 1473, 84 MAR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete Unclassified



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE

18. SUBJECT TERMS (Continued).
Adjuvants Aquatic plant control Herbicide fate
Application equipment Aquatic plant management Macrophytes
Aquatic herbicides Aquatic plants
Unclagssifdied

SECURITY CILASSIFICATION OF THIS PAGE



PREFACE

The work reported herein was conducted as part of the Aquatic Plant Con-
trol Research Program (APCRP) (Appropriation No. 96X3122, Construction Gen-
eral). The APCRP is sponsored by the US Army Corps of Engineers (USACE) and
is assigned to the US Army Engineer Waterways Experiment Station (WES) under
the purview of the Environmental Laboratory (EL). The USACE Technical Monitor
for APCRP is Mr, E. Carl Brown.

The purpose of this document (presented in two volumes) is to provide
guidance to Corps District and Project personnel on aquatic plant identifica-
tion, herbicide susceptibility of selected aquatic plants, registered herbi-
cide selection, herbicide use, and pertinent environmental considerations in
the use of herbicides.

This volume of the guide provides information on the use and fate of
US Environmental Protection Agency (USEPA)-approved and registered herbicides
for managing nuisance aquatic vegetation in USACE projects and navigable
waterways. Also discussed are site factors that affect herbicide selection,
fate processes of herbicides in aquatic environments, and adjuvant selection,
including application equipment and calibration procedures.

Volume IT is a plant identification and herbicide susceptibility guide
for nuisance floating, emersed, and submersed aquatic plants. A synopsis of
each registered herbicide's label and toxicity to nontarget organisms is pro-
vided to assist in the selection process.

Dr. John Rodgers, Institute of Applied Science, North Texas State Uni-
versity, Denton, TX, prepared the sections on site factors affecting herbicide
selection and fate in aquatic environments, Mr. Ron Hoeppel (formerly of WES,
now with Naval Facilities Engineering Command in Point Hueneme, CA) provided
assistance to Dr. Howard E. Westerdahl, WES, in compiling the summary label
information on each herbicide and the reference materials listed in the appen-
dixes. Dr. Kurt Getsinger, WES, prepared the adjuvant section. Mr. Richard
Cromwell, University of Florida, Gainesville, FL, compiled the section on
equipment selection and calibration. Apprecilation 1s expressed for the
assistance of the USEPA's Registration Division in providing copies of
Section 18 and 24c permits (Appendix D) and the US Army Engineer District,

Jacksonville, for information given in Appendixes E, F, and G.



The aquatic plant identification section was partially completed by
Dr. Robert Mohlenbrock of Biotic Consultants, Inc. Supplemental photographs
and amended plant descriptions were provided by Dr. Getsinger and
Mr. W. Reed Green, WES, and the State of Florida Department of Natural
Resources, Tallahassee, FL. The herbicide susceptibility section was prepared
by Dr. Westerdahl.

The Principal Investigator for this study was Dr. Westerdahl, Aquatic
Processes and Effects Group (APEG), Ecosystem Research and Simulation Divi-
sion (ERSD), EL, under the direct supervision of Dr. Thomas L. Hart, Chief,
APEG, and under the general supervision of Mr. Donald L. Robey, Chief, ERSD,
and Dr. John Harrison, Chief, EL, Mr. J. Lewis Decell was Program Manager of
APCRP. The report was edited by Ms. Jessica S. Ruff of the WES Information
Technology Laboratory (ITL). Copy layout was accomplished by Ms. Betty
Watson, ITL.

This document was reviewed for technical accuracy by the parent chemical
companies of aquatic herbicides discussed herein. Appreciation is also
expressed to the many experts in aquatic plant management operations and
research who reviewed and provided comments on improving this guide.

COL Dwayne G, Lee, CE, was the Commander and Director of WES.

Dr. Robert W. Whalin was Technical Director.

This report should be cited as follows:

Westerdahl, Howard E., and Getsinger, Kurt D., eds. 1988. '"Aquatic
Plant Identification and Herbicide Use Guide; Volume I: Aquatic
Herbicides and Application Equipment," Technical Report A-88-9, US Army
Engineer Waterways Experiment Station, Vicksburg, MS.
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INTRODUCTION

This volume was prepared to provide Corps of Engineers personnel with
information on the use of currently registered aquatic herbicides, including
site factors, environmental fate, adjuvants, and application equipment. This
volume should be used as a desk reference and is a companion to Volume II,
"Aquatic Plants and Susceptibility to Herbicides."

Several other guides for herbicide use are available which may supplement

information found in this guide:

e Herbicide Manual, by Gary W. Hansen, Floyd E. Oliver, and N. E. Otto,
1983 (1st ed.) (available from: US Department of the Interior Bureau
of Reclamation, Denver, CO 80202).

e Herbicide Handbook, 1983 (5th ed.) (available from: Weed Science
Society of America, 309 West Clark Street, Champaign, IL 61820)
(updated at 5-year intervals).

® Weed Control Manual, published annually (available from: Ag
Consultants, Inc., 37841 Euclid Avenue, Willoughby, OH 44094).




PART I: AQUATIC HERBICIDES
AND ADJUVANTS

AQUATIC HERBICIDES AND ADJUVANTS
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REGISTERED HERBICIDES - AQUATIC PLANTS
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EMERSED PLANTS
Alligatorweed G|G|F G|G
Alternanthera
philoxeroides
American lotus E|E E G|G|F G
Nelumbo lutea
Buirush E|E G| F E
Scirpus spp.
Cattail G|G|F|G|G G|E
Typha spp.
Common reed G
Phragmites australis
Cutgrass G
Leersia hexandra
Fragrant waterlily E|G|G|E G|G|F|G|E
Nymphaea odorata
Giant cutgrass G|E
Zizaniopsis miliacea
Giant foxtail G
Setaria magna
Maidencane F F|E
Panicum hemitomon
Paragrass G|E
Panicum purpurascens
Pickerelweeds G|IG|G F
Pontederia spp.
Sawgrass G
Cladium jamaicense

NOTE: F = Fair. G = Good. and E = Excellent



HERBICIDE

AQUATIC
PLANT

ACROLEIN

COMPLEXED COPPER

2,4-D BUTOXYETHYL ESTER
2,4-D DIMETHYLAMINE (DMA)

DICAMBA

DICHLOBENIL
DIQUAT

DIQUAT + COMPLEXED COPPER

ENDOTHALL DIPOTASSIUM SALT (K,)

ENDOTHALL K, + COMPLEXED COPPER

ENDOTHALL DIMETHYLALKYLAMINE SALTS

FLURIDONE
GLYPHOSATE

SIMAZINE

EMERSED PLANTS (Cont.)

Smartweeds
Polygonum spp.

Southern watergrass
Hydrochloa
caroliniensis

Spatterdock
Nuphar luteum

Torpedograss
Panicum repens

Waterchestnut
Trapa natans

Water paspalum
Paspalum fluitans

Water pennywort
Hydrocotyle umbellata

Water primrose
Ludwigia uruguayensis

Watershieid
Brasenia schreberi

Waterwillow
Justicia americana

FLOATING PLANTS

Duckweed
Lemna minor

Giant duckweed
Spirodela polyrhiza

Mosquito fern
Azolla caroliniana

o

m
(0]

o
o

-n

mn

NOTE: F = Fair, G = Good, and E = Excellent
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FLOATING PLANTS (Cont.)
Salvinia E|E|F G
Salvinia rotundifolia
Slender duckweed G G G
Wolltielia floridana
Waterhyacinth E|E E|E|F|F|F F
Eichhornia crassipes
Waterlettuce F E|E|G G
Pistia stratiotes
Watermeal G F G
Wolftia columbiana
SUBMERSED PLANTS
Bladderworts G G|G G
Utricularia spp.
Coontail G F|F E|E|E|E|E|E|G G
Ceratophylium demersum
Egeria G G(G|E|E|E|E]G
Egeria densa
Elodea G E|E|E FIG|G
Elodea canadensis
Eurasian watermiltoil E|E G|E|E|le|e|e|a G
Myriophyllum spicatum
Fanwort F|F G|E|E|E|E|G G
Cabomba caroliniana
Horned pondweed G F|F E E|E|E|F F
Zannichellia palustris
Hydrilla F|G FIGIE{G|IG|G|G
Hydrilla verticillata

NOTE: F = Fair. G = Good, and E = Excellent
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Vallisneria americana
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SUBMERSED PLANT (Cont.)
Naiads G F E|E|E|E|E|E|G E
Najas spp.
Parrotteather F E|E|E|F|E|E|E|E|E F
Myriophyllum aquaticum
Pondweeds G E|IG|G|E|E|E|G E
Potamogeton spp.
Water buttercup F E|E |E F
Ranunculus aquatilis
Widgeongrass F E{G|E|F|F|F
Ruppta maritima
Wildcelery G FIFI|F F G

NOTE: F = Fair, G = Good. and E = Excellent
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AQUATIC PLANT SUSCEPTIBILITY TO HERBICIDES

Acrolein

Chemical Name and Formulation:
Chemical name: 2-propenal
Formulation: MAGNACIDE HERBICIDE

Mode of Action: Acrolein is a contact herbicide. It causes plant cell
disruption through destruction of vital enzyme systems in the plant
cells.

Application: Dosage rates should be from 0.6 to 11 %£/cu m/sec (0.16 to
3 gal/cu ft/sec). Application time range is 0.5 to 48 hr. Repeated
applications may be necessary at 2- to 3-week intervals. The acrolein
must be injected beneath the water surface, using polyethylene tubing,
to maintain it in a liquid state. Only nitrogen gas completely free of
oxygen should be used. NOTE: Application equipment may be purchased
from the herbicide manufacturer.*

Timing of Application: Apply when the target plants are no more than
15 cm (6 in.) long and the water temperature is greater than 20° C
(68° F). Application may be made at lower temperatures; however,
reaction time may be longer.

Application Rates: Acrolein should be applied at full strength, i.e., 927
acrolein, 0.78 kg active ingredient/% (6.5 1b ai/gal).

Maximum Water Concentration: No tolerance has been established for acro-
lein in potable water. Treated irrigation water reaching crops must not
exceed 15 mg/% (ppm).

Use Restrictions: Acrolein must not be used where treated water flows or
transfers to suspected sources of drinking water.

Waiting Period: Treated water should not be released to any fish-bearing
waters, or where it will drain into them until 6 days after application.

Toxicological Data: Fish are killed when exposed to acrolein concentra-
tions greater than 1 mg/4% (ppm).

Precautions:

e Acrolein must not be used where a fish kill cannot be tolerated.

e Acrolein volatilization causes eye irritation and tearing; therefore,
care must be exercised to ensure its release below the water
surface.

e Swimming should not be allowed in treated water until acrolein resi-
dues are nondetectable.

Field Instructions:

e A preventive maintenance program is recommended, consisting of a
series of acrolein applications throughout the growing season so
that aquatic plants are never allowed to exceed 15 cm (6 in.) in
length.

*

A listing of herbicide manufacturers is provided as Appendix A.
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L. Adjuvant Use: Use of adjuvants is not specified.

M. Application Techniques:

e Subsurface, uniform injection of acrolein into quiescent water
throughout the infested area or an irrigation/drainage canal is
required, following instructions provided by Magna Corporation.

e Subsequent retreatment should occur based upon rate of plant
regrowth.

N. Antidote Information:

CALL A PHYSICIAN IMMEDIATELY!

e Internal: If the material has been swallowed, give two glasses of
water and induce vomiting immediately by introducing finger into
the throat. If inhaled, get victim into fresh air immediately and
give artificial respiration if breathing has stopped.

e External: If spilled on the skin, remove all contaminated clothing
and wash skin with soap and running water. If material gets into
eyes, wash immediately with water for 15 minutes.

14



H.

Copper Complexes

Chemical Name and Formulations:

Chemical name: Copper chelates

Formulations:

e CUTRINE-PLUS (9% Cu, ethanolamine complex, liquid)
Also, CUTRINE-PLUS granular (3.77% Cu)

e KOMEEN (8% Cu, ethylenediamine complex, liquid)
e KOPLEX Same as above
e K-TEA (8% Cu, triethanolamine complex, liquid)

Mode of Action: Copper complexes act as cell toxicants and are not sub-
ject to photolysis or volatilization.

Application: Liquid formulations are applied using a hand or power
sprayer and a drip system. From a boat, liquids are injected below the
water surface or through weighted hoses dragging along the bottom.
Invert emulsions of KOMEEN should be injected below the water surface.
Granular formulations are applied using a hand-operated or boat-mounted
Gandy-type broadcast spreader.

Timing of Application: To obtain most effective results, apply before
plants reach the water surface, preferably on a sunny day when the water
temperature is above 15° C (60° F).

Application Rates: CUTRINE-PLUS should be applied at 0.4 to 1.0 mg/f& Cu
(1.2-3.0 gal/acre-ft) (ppm) to control Hydrilla (3-hr contact time is
required in lotic environments). KOMEEN, KOPLEX, and K-TEA are applied
at 57 to 150 &/ha (6 to 16 gal/acre) to control Hydrilla. (Recommended
dose is based on site-specific water volume, not surface area.)

Maximum Water Concentration: Copper concentration should not exceed
1 mg/% (potable water) by weight copper.

Use Restrictions:

e Do not apply when water temperature is below 15° C (60° F); (Copper
ions form insoluble copper hydroxides, phosphates, and carbonates
in water with pH > 7.) (This does not apply when using chelated
copper.)

e Currently, there are no restrictions on the use of treated water
immediately following treatment.

e Some states require a permit when CUTRINE~PLUS is used in public
water. This would apply to any copper product or herbicide.

Waiting Period: Effect on target species can be observed in 7 to 10 days
after treatment (CUTRINE-PLUS); 3 to 6 days, with full effects mani-
fested in 4 to 6 weeks (KOMEEN/KOPLEX).
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I. Toxicological Data:
Hardness#* A
(mg/% as P Acute Toxicity
Caco.,,) EErnon LC. ., mg/%
Species Chemical 3 hr 50’
Cutthroat trout Copper 18-205 96 15.7-367
chloride
Rainbow trout Copper 42-194 96 57-574
chloride
White perch Copper 53 96 6,200
nitrate
Striped bass Copper 53-55 96 4,000-4,300
nitrate
Bluegill sunfish Copper 43 96 1,250
chloride
Largemouth bass Copper 100 96 6,970
nitrate
* In soft or acid water, trout and certain other species of fish may be

killed at recommended treatment rates.

Precautions:

e Water hardness must be considered prior to treatments.

e Should not be used where pH of water or spray environment is below 6,
because of copper ion formation and subsequent toxicity to fish.

e Contact with skin and eyes may be irritating.

Field Instructions:

e Effect of treatment will be observed within 4 to 6 weeks. In heavily
infested areas, a second application after 12 weeks may be
necessary.

Adjuvant Use:

e For spraying Hydrilla, Nalquatic polymer is a recommended adjuvant
with KOMEEN. (Both KOMEEN and KOPLEX can be inverted with an adju-
vant or used in combination with diquat.)

e When KOMEEN is applied as an invert emulsion, xylene and an emulsify-
ing agent are normally used.

Application Techniques:
e Apply chemical uniformly over the surface area of infested area.
e Treat from shoreline outward toward the center of the water body,
preventing entrapment of fish within the treated area.
e In heavily infested, smaller water bodies, treat only one third to
one half of the area at a time; allow 1 to 2 weeks between succes-
sive treatments.
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e Apply with hand or power sprayer, drip system, or any other method to
provide even distribution over the treatment area. (See label
recommendations.)

N. Antidote Information:
e Thoroughly wash contaminated skin and eyes.
e If swallowed, call a doctor.
e Since KOMEEN, K~TEA, and CUTRINE-PLUS have no appreciable vapor pres-
sure, there is no hazard from inhalation.
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2,4-D

A. Chemical Name and Formulations:
Chemical name: (2,4-dichlorophenoxy) acetic acid

Formulations:
o AQUA-KLEEN (197 acid equivalent (ae), butoxethyl ester of
2,4-D, granular)
e WEEDAR 64 (38.97 ae, dimethylamine or n-alkylamine salt

of 2,4-D, liquid)

e WEED-RHAP A-6D (57.47% ae, dimethylamine or n-alkylamine salt
of 2,4-D liquid)

e VISKO-RHAP A-3D (33.927 ae, dimethylamine or n-alkylamine salt
of 2,4-D, liquid)

e WEEDTRINE TII (18.87 ae, isooctyl or 2-ethylhexyl ester of
2,4-D, liquid)

e WEED-RHAP LV-4D (46.37 ae, isooctyl or 2-ethylhexyl ester of
2,4-D, liquid)

e VEGATROL LV-~6D (62.57 ae, isooctyl or 2-ethylhexyl ester of
2,4-D, liquid)

e ESTERON 99 (43.4% ae, isooctyl or 2-ethylhexyl ester of
2,4-D, liquid)
e SEE 2,4D (40.97 ae, isooctyl or 2-ethylhexyl ester of

2,4-D, liquid)

B. Mode of Action: Somewhat selective, systemic growth regulator with
hormonelike activity; readily translocated throughout plant, especially
from foliage to roots; inhibits cell division of new tissue and stimu-
lates cell division of some mature plant tissues, resulting in growth
inhibition, necrosis of apical growth, and eventually, total cell dis-
ruption and plant death; low concentrations may stimulate growth.

C. Application:
e Liquid formulations:

Surface or aerial applications; subsurface application for sub-
mersed vegetation.

Surface applications with dilute or concentrated product, using
conventional spray equipment from boat or shore.

Aerial spraying with dilute product; do not exceed 40 psi at the
nozzles.

Subsurface applications using weighted trailing hoses from boat.

e Granular formulations:

Surface or aerial applications using conventional mechanical
spreaders or comparable equipment for large areas or a portable
spreader for spot treatments,

e Ester formulations are volatile, and care should be exercised when
considering their use, particularly in aerial applicationms.

D. Timing of Application: For best results, apply in spring or early summer
when young vegetation is actively growing.
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E. Application Rates: Follow herbicide label directions for specific rates.
e Liquid formulation:
Waterhyacinth and emersed vegetation control:
2 to 4 kg ae per hectare (2 to 4 1lb ae/acre) (2 to 3.8 & of 38.97
ae formulation per hectare) (2 to 4 pints/acre).
e Canal bank vegetation control: 1 to 2 kg ae per hectare (1 to 2 1b
ae/acre)
e Watermilfoil control (TVA system): 9.5 to 38 kg ae per hectare
(10 to 40 1b ae/acre); 23 to 93 & of WEEDAR 64 per hectare) (2.5 to
10 gal/acre); use concentrate for more dilute formulations (e.g.,
38.97% ae) or diluted mixture for more concentrated formulations;
use higher rate for areas with heavier infestatioms.
e Granular formulation:
Submersed vegetation control: 20 to 40 kg ae per hectare (20 to
40 1b ae/acre); use higher rate for areas with heavier
infestations.

F. Maximum Water Concentration: Should not exceed 0.1 mg/f (ppm); delay use
of treated water for irrigation for 3 weeks posttreatment unless an
approved assay shows water does not contain more than 0.1 mg/2 (ppm)
2,4-D acid. Low persistence in water, with half-life less than 2 weeks.

G. Use Restrictions:

e Liquid formulations registered for use solely for floating (e.g.,
waterhyacinth) and emergent vegetation control; AQUA-KLEEN and
WEEDAR 64 allowed for Eurasian watermilfoil control in TVA lake
systems only.

e Special Local Needs (Section 24c) and Emergency Exemption
(Section 18) lables may exist in some states.

e Do not use treated water for irrigation, agricultural sprays, live-
stock watering, or domestic water supplies for 3 weeks after appli-
cation or unless approved assay shows water does not contain more
than 0.1 mg/2 (ppm) 2,4-D acid. Amine formulations may be tested
at concentrations as low as 0.001 mg/% (ppm).

® Do not spray liquid during high wind conditions, to minimize spray
drift to nontarget vegetation.

e Can be used in slow-moving water bodies and turbid water.

e Liquid formulations registered for treating canal and ditchbank emer-
gent vegetation in 17 Western States (see label).

e Contact state or local fish and game agency for specific restrictions
on fishing, swimming, or domestic use.

H. Waiting Period: Approximately 2 weeks for control of most vegetation;
tissue damage evident within 2 to 4 days with liquid and a week with
granular formulations. Regrowth evident within 4 to 5 weeks if roots
are not killed.

I. Toxicological Data:

Acute Toxicity

2,4-D Formulation¥* Exposure LC me /4
Species (% ae) Conditions Period, hr 50° "8
Lake trout 2,4-D acid (100%) Static 96 35-56
Bluegill sunfish 2,4-D BEE (65.27%) Static 96 1,1-1.3

* BEE = butoxyethyl ester; DMA = dimethylamine salt; IOE = isooctyl ester.
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Acute Toxicity

2,4-D Formulation Exposure LC ng /L
Species (% ae) Conditions Period, hr 50° T8
Fathead minnow 2,4-D BEE (65.27%) Static 96 2.5-4.,2
Rainbow trout 2,4-D DMA (497) Static 96 >100
Bluegill sunfish  2,4-D DMA (49%) Static 96 123-230
Fathead minnow 2,4-D DMA (49%) Static 96 245-458
Amphipod 2,4-D BEE (62.5%) Static 96 4,5-8.3
(Gammarus
fasciatus)
Cladoceran 2,4-D BEE (62.5%) Static 96 4.5-9.1
(Daphnia
magna)
Amphipod 2,4-D I0E (677) Static 96 1.9-3.0
(G. fasciatus)
Amphipod 2,4-D DMA (49%) Static 96 >100

(G. fasciatus)

e Ester formulations of 2,4-D are 50 to 200 times more toxic to fish
than amine formulations, but toxic effects are rarely observed
under field conditions.

e Ester and amine formulations of 2,4-D appear more toxic at low pH
(e.g., 6.5) versus higher pH.

J. Precautions:

e To prevent low dissolved oxygen, do not retreat water until killed
vegetation decomposes, about 4 to 5 weeks after initial applica-
tion. Do not treat entire water body at one time; treat in strips
separated by buffer zones.

® Avoid spray drift outside treatment area; do not conduct aerial
spraying if wind speed is above 8 km per hour (5 mph); use drift
control agents.

e Do not treat areas of water lacking aquatic vegetation.

® Follow directions carefully if using oil-soluble amine formulations,
requiring a two-fluid spray system.

e Avoid application of liquid formulations during high wind or flow
conditions.

K. Field Instructions:

e Use spray drift-control agents (e.g., thickeners, invert emulsions)
with liquid formulations; use coarse sprays.

e Apply liquid and granular formulations in strips separated by buffer
zones,

® Delay follow-up treatment for 4 to 5 weeks after initial application
to allow for vegetation decomposition.

e Use higher treatment rate for heavily infested areas or if water is
unusually high in pH and alkalinity.

e Use proper equipment and recommended mixtures when applying oil-
soluble amine formulations.

e Do not enter treated area without protective clothing until spray has
dried.
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L. Adjuvant Use:

e Polymeric thickeners or invert emulsions are recommended with liquid
formulations, especially when sprayed on floating or emersed
vegetation.

e 0il-soluble amine formulations (e.g., VISKO-RHAP A-3D) require pre-
mixing with kerosene or related oil-soluble solvent; use required
mixing equipment.

M. Application Techniques:

e When applying by boat, divide formulation so as to provide material
for application in a crisscross pattern; apply back and forth, with
sharp turns, followed by an equivalent application at right angles
to the first set,

e Recommend placing markers at corners of treatment area to use as
directional guides and to avoid excessive overlap of treatments.

e Recommend use of 15- to 30-m (50- to 100-ft) treatment lanes
separated by equivalent-sized buffer zones; treatment immediately
adjacent to shore 1is not recommended or needed.

N. Antidote Information:
e Internal: If swallowed, induce vomiting by touching back of throat
or give strong salt water to drink; repeat until vomit is clear.
Call a physician immediately and the following emergency number,
collect (24 hr a day): (304) 744-3487 (Rhone-Poulenc).
e External: Wash skin with soap and water. Flush eyes with water for
at least 15 minutes and get medical attention.
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Dicamba

A. Chemical Name and Formulation:
Chemical name: 3,6-dichloro-o-anisic acid
Formulation: BANVEL 720 (10.67% dicamba + 20.47 2,4-D,
dicamba dimethylamine, liquid)

B. Mode of Action: Selective herbicide absorbed and translocated from both
leaves and roots with major accumulation in apical meristems and other
areas with high metabolic activity; growth hormonelike properties;
causes epilnasty, defoliation, swelling of stems, and destruction of con-
ductive tissues, death of growing points, loss of apical dominance, and
ultimately, necrosis.

C. Application: Water-soluble liquid is applied as a surface spray from
shoreline, boat, or helicopter; mixed with water, plus emulsifiers, sur-
factants, or drift control agents., Completely wet emergent foliage to
runoff with dilute spray mix.

D. Timing of Application: Do not apply prior to emergence of vegetation
above or to surface of water. Plants are most sensitive during their
active growing stage.

D. Application Rates:

e Ground or boat application: use 2 to 6 kg active ingredient (al)
(2 to 6 qt liquid/surface acre) in 50 to 100 gal spray mix, as
directed on label. Aerial application: wuse 1.5 to 5 kg ai per
hectare (1.5 to 5 qt liquid/surface acre) in 8 to 20 gal spray mix,
as directed on label.

e (Cattaill treatment requires 4 to 6 kg al per hectare (4 to 6 1b/
surface acre) plus 6 kg dalapon 857 per hectare (6 1lb dalapon
857% per surface acre).

F. Maximum Water Concentration: Not specified; not for direct application to
water bodies. Half-life is 2 to 6 weeks in most water bodies.

G. Use Restrictions:
e Treated water should not be used for irrigation purposes within
14 days of application.
e Do not graze dairy animals on treated area for 7 days after
treatment.
e Direct application to water is not permitted.
Do not contaminate water used for domestic purposes.
® Registration for aquatic use is presently limited to 10 States (Ala-
bama, Florida, Georgia, Indiana, Louisiana, Mississippi, South
Carolina, Tennessee, Texas, and Virginia).

H. Waiting Period: None specified.
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I. Toxicological Data:*
Exposure Acute Toxicity
Period LC gl d
Species Condition hr 50° ™8
Rainbow trout Static, 12° C (54° F) 96 28
Bluegill sunfish Static, 12° C 96 >50
Amphipod (Gammarus
faseiatus) Static, 15° C (59° F) 96 >100
Cladoceran (Daphnia
magna) Static, 21° C (70° F) 48 >100**

* Data are for 887 technical dicamba; the dimethylamine salt formulations
may show slightly greater toxicity.

k%

EC-50 was evaluated.
® Herbicide formulation shows low order of toxicity to fish, other
aquatic organisms, and wildlife.
Precautions:
o Harmful i1f swallowed; shows extreme irritation to eyes and mild irri-
tation to skin; not readily absorbed through skin.
® Avoid excess spraying of soil as herbicide is readily leached from
soil,
e Do not use aerial application if sensitive crops or nontarget plants
are growing in immediate vicinity.
e Do not apply during periods of gusty wind or if wind exceeds 24 km
per hour (15 mph).
e Do not spray submersed vegetation in water, only emergent growth.

Field Instructions:

Avoid heavy application to soil or excessive runoff from vegetation;
wet vegetation thoroughly, however.

Avoid spray drift; use drift-reducing additives.

Do not use aerial equipment in areas adjacent to sensitive crops or
desirable vegetation.

Follow label instructions for proper cleaning of equipment.

Adjuvant Use: Recommend use of oil-water emulsions, including invert

systems, or other spray drift-reducing agent.

Application Techniques:

Use coarse-spray nozzles and spray drift retardants (foams or invert
system) to avoid drift to nontarget vegetation.

Avoid spraying across areas of water lacking emergent vegetation.

Avoid application during high or gusty wind conditions.

Prior to large-scale mixing, perform a compatibility test, using all
spray mix components in small quantities; if herbicide does not
form a gel, precipitate, or stratification, the spray mix is
compatible,
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N. Antidote Information:
e Internal: If swallowed, drink 1 to 2 glasses of water and induce
vomiting by sticking finger down back of throat (or other means).
Do not induce vomiting if victim is unconscious. Call a physician,
e External: Flush eyes with plenty of water for at least 15 minutes
and get medical attention., Wash exposed skin thoroughly with soap
and water; wash contaminated clothing before reuse.
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Dichlobenil

A. Chemical Name and Formulations:
Chemical name: 2,6-dichlorobenzonitrile
Formulations:

e CASORON 10G (10% ai, dichlobenil, granular)

e NOROSAC 10G (10% ai, dichlobenil, granular)

e CASORON G-SR (20% ai, dichlobenil, slow-release, granular)
e CASORON G Forte (207 ai, granular)

B. Mode of Action: Nonselective herbicide that is absorbed mainly by roots
but also by submersed leaves and stems upon being released from granules
in water column; causes disruption of plant cell division, resulting in
plant deterioration. Major route of action seems to be through the soil
to the roots.

C. Application:

e Granular formulations can be applied from boat or shoreline to water
surface.

e Uniform distribution is essential since each granule is active only
in its immediate surroundings.

e Applied to nonflowing waters and to dry bottoms and shorelines of
ponds, reservoirs, and lakes.

e Dichlobenil can be applied to flowing water at 1.5 times the recom-
mended dosage rate for slow-moving water.

D. Timing of Application: Application immediately before initiation of new
growth provides the best results, such as in early spring.

E. Application Rates:
Water surface:

Water Depth Granules 10G
m (ft) kg/ha (lb/acre)
<0.6 (<2) 111 (100)
0.6-1.5 (2-5) 139 (125
>1.5 (>5) 166 (150)

Exposed bottom: Evenly spread 70 to 100 kg/ha (1b/acre); use the lower
rate if the soil is wet at time of application or if the water is
<1 ft deep. Ponds or reservoirs with drawdown should be refilled
promptly after treatment.

F. Maximum Water Concentration: No values are given, but 3 mg/% (ppm) is
recommended. Herbicide tends to be readily absorbed to sediment and
rapidly and completely broken down in water within 2 weeks. Effective
dose of active ingredient is 2 to 3 mg/% (ppm).
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G. Use Restrictions:
e Treated water should not be used for livestock or human consumption
or crop irrigation.
e A 90-day waiting period is required prior to use of fish from treated
water for food or feed.
e Not recommended for use in commercial fish or shellfish waters.

H. Waiting Period: Existing revegetation is controlled very slowly. There-
fore, dichlobenil should be applied in early spring before weed growth
begins. This produces a season-long weed control period. Algae are not
controlled.

I. Toxicological Data: Recommended dosages provide dichlobenil concentra-
tions well below the danger levels to spawning fish, phytoplankton, and
other food chailn organisms.

Exposure Actike
P Toxicity
Period LC _—
Species Condition hr 50° ™8
Rainbow trout Static, 13° C (55° F) 96 6.3
Bluegill sunfish Static, 18° C (64° F) 96 8.3
Crustacea (Daphnia Static, lst instar, 15° C (59° F) 96 3.7
pulex)
Crustacea (Gammarus Static, mature, 21° C (70° F) 96 11.0
lacustris)

Variations in water hardness have little effect on fish toxicity.
Toxicity of the principal metabolite, 2,6-dichlorobenzamide, 1s much
less than dichlobenil.

J. Precautions:
e Dichlobenil is not selective in action and may kill all types of
vegetation in contact with the active ingredient.
e Store in tightly closed containers in a dry place.
e Do not treat water needed for crop irrigation within a 4~-week period.
e Avold breathing dust from product.

K. Field Instructions:

e Even application of granules 1s required for effective control since
each granule is active mainly in its immediate surroundings.

e The herbicide 1s directly absorbed by plants, especially by roots
through the sediment.

® Avoid application near desirable vegetation as this herbicide is
nonselective.

e If applied to drained surfaces, refill with water as soon as possible
to avold volatilization of active ingredient.

e Dispose of empty bags in a sanitary landfill or by incineration if
allowed by state or local authorities.

L. Adjuvant Use: Use of adjuvants 1s not specified.
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M. Application Techniques:

e Good results are obtained by motorized knapsack applicators, used
from a boat or shore.

e Long stretches of canals and ditches can be treated with tractor-
mounted equipment.

o Application should be made during periods of calm, when wave action
or water flow rate is minimal.

e Avoild excessive propeller turbulence if using a motorboat.

N. Antidote Information:
e Internal: 1Induce vomiting by drinking water and touching back of
throat with finger (or other means). Call a physician immediately.
e External: Flush eyes with water for 15 minutes., Wash skin
thoroughly with soap and water. If inhaled, remove individual to
fresh air.
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E.

Diquat

Chemical Name and Formulations:

Chemical name: 6,7-dihydrodipyrido(l,2-«:2',1"'~c) pyrazinediium

dibromide

Formulations:

Ortho DIQUAT - H/A (35.3% ail, diquat dibromide)
WEEDTRINE-D (8.53% al, diquat dibromide)

Mode of Action: Contact type, nonselective, absorbed by foliage but not

by buried roots due to rapid inactivation by clay minerals; causes rapid
inactivation of cells and cellular functions through release of strong
oxidants; only local translocation.

Application:

Water-soluble liquid; surface or aerial spray for floating vegeta-
tion; surface or bottom application with trailing hoses for sub-
mersed vegetation.

Herbicide concentrate or up to 20:1 dilution with water 1is recom-
mended for subsurface injection; aerial sprays should be diluted
15- to 400-fold with water, depending on plant species or growth
stage (see label).

Efficacy is greatly reduced in muddy water or with mud-coated
vegetation,

Can be used in quiescent or flowing water (Ortho DIQUAT only).

Mixture with complexed copper formulations often provides improved
efficacy.

Timing of Application: Throughout the entire growing season; recommend

control of early growth. One application per growing season
anticipated.

Application Rates:

Submersed vegetation: 9.4 to 18.7 %/ha (8 to 16 pt/surface acre)
(add 3.4 to 5.6 kg/ha (3 to 5 1lb/acre) copper ion complex for
hydrilla, coontail, and bladderwort).

Floating vegetation: 4.7 to 7.0 %/ha (4 to 6 pt/surface acre)
(except duckweed: 9.4 to 18.7 #%/ha (8 to 16 pt/surface acre)).

Marginal emersed vegetation: 9.4 & (8 pt/surface acre).

Filamentous algae: 3.5 to 9.4 #&/ha (3 to 8 pt/surface acre) (average
water depth).

Maximum Water Concentration: Do not exceed 2 mg/%.

Use Restrictions:

Do not use water for animal or human consumption, swimming, or spray-
ing within 14 days of treatment unless approved analysis shows that
water does not contain more than 0.0l mg/f% diquat ion.

Do not use herbicide in muddy water or on vegetation coated with mud.

Treat only one third to one half of densely vegetated areas at a time
and wait 10 to 14 days between treatments.

Waiting Period: Plants absorb diquat rapidly; plant decline 1is usually

within less than 7 days posttreatment.
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I. Toxicological Data:

Acute Toxicity,

Species Condition Pzigngr;r LCSO’ mg/ 4
Channel catfish Static 96 10
Largemouth bass Static 96 7.8-10
Bluegill sunfish Static 96 10-140
Rainbow trout Static 96 5-11.2
Fathead minnow Static 96 14.0
Cladoceran

(Daphnia pulex) Static 192 1.0
Midge larvae Static 96 >100

J. Precautions:

e Avoild spray drift to food, forage, or desirable vegetation; do not
store or transport near feed or food.

e Do not get diquat on skin, eyes, or clothing; may be fatal if
ingested, inhaled, or absorbed through skin; symptoms of injury may
be delayed; strong skin irritant.

e Use facemask, gloves, and waterproof clothing and footwear while
spraying or when reentering treated areas.

K. Field Instructions:

e Recommend use of nonionic surfactant (e.g., Ortho X-77 spreader) or
thickener (e.g., Nalquatic) when spraying floating or emersed
vegetation.

e Do not treat muddy water or vegetation coated with mud; use clean
water for making herbicide dilutions.

® Avoid creating muddy water during application.

e Do not apply under conditions of high wind or wave action.

e Treat heavy plant infestations in sections; subsequent treatment
should be after a 10-day waiting period to avoid low dissolved
oxygen levels,

e Subsurface injections should be done in strips, 12.2 m (40 ft) apart
with early growth and not more than 6.1 (20 ft) apart in thick
mature growth.

e Treat with complexed copper.

L. Adjuvant Use:

e For aerial application, use nonionic surfactant (e.g., Ortho X-77
Spreader) at rate of 0.47 2 (1 pt) surfactant per 568 to 757 %
(150 to 200 gal) spray mixture.

o Use of a polymeric thickener (e.g., Nalquatic) is recommended for
submersed growth at rate of 3.79 & (8 pt) per 379 to 568 ¢ (100 to
150 gal) mixture.

e Complexed copper ion in combination with diquat is recommended for
improved efficacy for some macrophytes (hydrilla, coontail, blad-
derwort) and algae control.
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M. Application Techniques:
Use water carrier, thickener, or invert emulsion carrier for best
results.
e Submersed vegetation:

Boat with weighted trailing hoses, apply dilute concentrate 7.6 to
15 cm (3 to 6 in.) below water surface or (for firm sediments)
31 to 61 cm (1 to 2 ft) off bottom.

Boat with sprayer, use concentrate poured directly from original
containers; apply in strips with widths of 6.1 m (20 ft) (new
growth) to 12.2 m (40 ft) (topped-out mature growth).

e Floating or emergent vegetation:

Use conventional spray equipment from boat, shore, or helicopter,
using techniques for minimizing spray drift.

Use nonlonic surfactant with dilute tank mix.

N. Antidote Information:

e Internal: If conscious, give large amount of water to drink and
force vomiting by placing finger at back of throat (or by other
method). Call a physician immediately and the following emergency
numbers: (800) 845-7633 (South Carolina: (800) 922-0193) for
National Agricultural Chemical Assoclation Medical Hotline or
(415) 233-3737 for Valent USA Corporation (formerly Chevron Chemi-
cal Company) emergency information.

e External: Flush eyes and skin immediately with water for at least
15 minutes. For eyes, get medical attention. Remove and wash con-
taminated clothing before reuse and daily during treatment period.

30



Endothall

Chemical Name and Formulations:

Chemical name: 7-oxabicyclo[2,2,1]heptane-2,3-dicarboxylic acid

Formulations:
e AQUATHOL K

e AQUATHOL Granular
e HYDROTHOL 191

o HYDROTHOL 191

(40.37 ai,
liquid)
(10.1% ai,
granular)
(53.07% ai,
endothall,
(11.27 ai,
endothall,

dipotassium salt of endothall,
dipotassium salt of endothall,

mono (N,N-dimethylalkylamine) salt of
liquid)

mono (N,N-dimethylalkylamine) salt of
granular)

Mode of Action: Contact type, membrane-active herbicide that inhibits

protein synthesis upon plant metabolism; limited translocation through-

out plant tissues.

Application:

Liquid suspension:

total water column treatment, bottom water treat-

ment treatment, invert and polymer additions.
Granules: surface application of water body.

General information:

e Formulations can be used in quiescent and flowing water (irrigation
and drainage canals); canal treatment not allowed in California.

e Dimethylalkylamine salt of endothall (granular form) for use in rice
paddies in California only.

Timing of Application:

application.
Application Rates:

Apply soon after emergence of new vegetative
growth, Water temperature should be at least 65° F (18° C) prior to

e Dipotassium salt of endothall:

Quiescent water -
(Average depth):

72 to 119 #/ha (62-102 pt/acre) liquid;

374 to 631 &/ha (320-540 lb/acre) granules.
Irrigation and drainage canals - Not for use in canals in

California.

Herbicide contact time with target plants should be at least

2 hr.

Recommended water concentrations for target plants are given in the
tabulation that follows.
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Sectional or

Entire Pond or Large Lake Margin
Plant Area Treatment, mg/% Treatment, mg/%
Hydrilla 2-3 3-4
Watermilfoil 2-3 3-4
Waterstargrass 2-3 3-4
Pondweeds 1-3 2-4
Coontail 1-2 2-3
Horned pondweed 1-2 2-3
Naiads 0.5-1.5 2-3

e Mono(N,N-dimethylalkylamine) salt of endothall:

Quiescent water -

Formulation recommended only for sectional or marginal treatment
of water bodies stocked with fish, due to relatively high fish
toxicity.

Irrigation and drainage canals -

Herbicide contact time with target plants should be at least
2 hr.

o Recommended water concentrations for target plants:

Quiescent water - 0.5 to 2.5 mg/%. Use dosages over 1 mg/% only
on very narrow margins or in areas where some fish kill is not
objectionable. Do not treat more than 10 percent of water body
at one time with more than 1 mg/%.

Canals -

Heavy infestations: 3-5 mg/%.

Moderate to light infestations: 1-2 mg/4%.

F. Maximum Water Concentration:
Dipotassium salt of endothall: Do not exceed 5 mg/%, although low
toxicity to fish is indicated.
Mono(N,N-dimethylalkylamine) salt of endothall: Do not exceed 2.5 mg/%;
only small sectional or marginal areas of water bodies containing fish
should exceed water concentrations greater than 1 mg/%.
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G. Use Restrictions:

Usage

Swimming

Drinking water
(humans and
livestock)

Fish consumption
(from treated
water)

Irrigation of
nonfood crops

Release of water
from rice
fields (Cali-
fornia only)

In muddy water
water

In slow-flowing
water

H., Waiting Period:

Dipotassium Endothall

Dimethylalkylamine Endothall

24 hr
7-14 days

3 days

7 days

Not applicable

Yes

Yes

24 hr
<0.3 mg/%, 7 days
0.3-3.0 mg/%, l4 days
3.0-5.0 mg/%, 25 days
3 days
7 days

10 days (granular
only)

Yes

Yes

Target plants show initial signs of tissue damage

(necrosis) within 1 to 3 days; control of vegetation is usually obtained

in 7 to 14 days.
I. Toxicological Data:

Dipotassium endothall:

Acute Toxicity

Species Conditions E;giiﬁge Lap mg /4
Largemouth bass Static 48 hr 200-320
Largemouth bass Flowthrough 96 hr >135
Largemouth bass Repeat exposure 7 days 95-115%
Chinook salmon Static 96 hr 82
Chinook salmon Repeat exposure 14 days 62.5
Bluegill sunfish Static 96 hr 125
Bluegill sunfish Repeat exposure 21 days 100*
Rainbow trout Repeat exposure 21 days 10%
Crustacea Static 96 hr >320

(Gammarus

lacustris)
Midge larvae Static 72 hr 120
* Concentration producing minimal or no mortality.
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Dimethylalkylamine endothall:
Acute Toxicity

Species Conditions Pgigngrﬁr LC50’ mg/4
Largemouth bass Static 96 0.1-0.3%
Bluegill sunfish Static 48 0.8
Bluegill sunfish Static 96 0.06-0.2%
Redear sunfish Static 96 0.1-0.2%
Golden shiner Flowthrough 120 0.32-1.6

* Diamine salt.

e Dimethylalkylamine salt of endothall is more toxic than the
dipotassium salt to fish and other nontarget organisms.

e Increasing water temperature causes a slight increase in toxicity
of this formulation.

e Rapild microbial decomposition of endothall precludes its
bioaccumulation.

e No hazardous metabolites have been noted to form.

J. Precautions:

® Do not use fish from treated water for food or feed within 3 days
of treatment.

e Do not use water for domestic purposes until 7 to 14 days after
treatment (see Use Restrictions).

e Fish will be killed by dosages of dimethylalkylamine endothall in
excess of 0.3 mg/%.

e Do not use dimethylalkylamine formulation in marine or estuarine
environments due to high toxicity to estuarine organisms.

e Avoild breathing spray mist. Potentially harmful skin absorption
is possible if bathing and change of clothing are not initiated
daily during use.

e Causes severe eye and skin irritation; wear goggles and rubber
gloves while handling concentrate. Harmful or fatal if swallowed.

K. Field Instructions:

e Necessary approval and/or permits should be obtained.

e Small infested areas best treated with granular products.

e Adjuvant polymers aid in application of liquid products and may
allow lower application rates.

e Dimethylalkylamine formulation should be applied by professional
applicator.

e Most algae can be effectively treated with dimethylalkylamine
endothall or dipotassium endothall in combination with complexed
copper.,

e Treat water containing heavy vegetation in sections to prevent
low dissolved oxygen levels caused by vegetation decay.
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e Treat surface vegetation with undiluted liquid formulations.
e Apply liquid herbicide when wind and water flow rate are minimal
to prevent rapid dispersal from treatment area.

L. Adjuvant Use: Polymeric adjuvants (e.g., Nalquatic) with dipotassium salt
formulations and Nalcotrol II for mono(N,N-dimethylalkylamine) salt
formulations or invert emulsions for liquid formulations.

M. Application Techniques:
e Liquid formulationms:
Aerial, surface application by boat or from shore, and bottom
placement of liquids by boat with trailing hoses.
Recommend use with adjuvants, especially for surface water
application.
Low-dilution applications are recommended for partly emersed
plants.
Bottom placement is recommended for bottom growth.
Metering devices are recommended for applications to flowing
water (ditches and canals).
e Granular formulations:
Aerial and surface application from boat or shore, by blowers or
mechanical spreaders.

N. Antidote Information:

e Internal: Promptly drink large quantities of milk, egg whites, or
gelatin solution, or if these are not available, large quantities
of water. Avoid alcohol. Measures against circulatory shock,
respiratory depression, and convulsion may be needed. Call a
physician immediately and the following emergency numbers: (800)
845-7633 (South Carolina: (800) 922-0193) for National Agri-
cultural Chemical Association Medical Hotline or (206) 627-9101,
ext. 250, for Pennwalt Corporation emergency information.

e External: Flush eyes or skin for at least 15 minutes with plenty of
water. For eyes, call a physician. Remove and wash contaminated
clothing before reuse. Bathe and wash clothing daily during treat-
ment period.
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Fluridone

A. Chemical Name and Formulations:

Chemical name: l-methyl-3-phenyl-5-[-3(trifluoromethyl)phenyl]

-4 (1H)-pyridinone

Formulations:

® SONAR 4AS (43.2% ai, fluridone, liquid emulsion)

e SONAR 5P (5% ai, fluridone, pellet)

e SONAR SRP (5% ai, fluridone, slow-release pellet)

B. Mode of Action: Systemic, from submersed foliage to roots or emersed
foliage; also absorbed from sediment. Inhibits carotenoid synthesis and
thus affects photosynthesis.

C. Application:

Liquid suspension: to water surface, subsurface, or along bottom of
water body.

Pellets: surface application of water body. Use only in quiescent
lakes and ponds, with little water movement, to avoid rapid dilution;
for control of both submersed and emersed vegetation.

Ponds: treat entire water body.

Lakes and reservoirs: establish plots no less than 10 surface acres.

Do not treat areas with a large linear aspect, e.g.,‘boat lanes and
shorelines.

D. Timing of Application: During spring or summer when weeds are visible and
actively growing.

E. Application Rates:

Treatment Area

Water Depth, m Liquid, &/ha Pellets, kg/ha

Ponds 0.9 1.17-2,34%* 11.2-22.4
0.9-1.5 2.34-3,5 22.4-33.6
Lakes/reservoirs 1.5 0.88-1.75 0.56-0.84
0.9-1.5 1.75-3.5 0.84-1,12
1.5-3.1 3.5-4,7 1.12-1.68
3.1 1.75-3.5 16.8-33.6
1.8-3.7 3.5-7.0 33.6-67.2
3.7 4.7-9.4 44 ,8-89.6
* The higher rate should be used with dense growth or greater water depth

Fl

G.

through treatment area.

Maximum Water Concentration: Not specified; initial water concentration
of approximately 0.1 mg/% is recommended.

Do not apply within 0.25 mile (0.4 km) of any potable
See "Irrigation Precautions" on label.

Use Restrictions:
water intake.
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H. Waiting Period: Visible herbicidal effects should be noticed on target
plants within 7 to 10 days after application, by the appearance of pink
or chlorotic growing points. Sixty to 90 days may be required to deter-
mine the effectiveness of the herbicide on the target vegetation.

I. Toxicological Data:

Acute Toxicity

Species Conditions Exgzzzre LCso: mg/4

Rainbow trout Static 96 hr 7.6~-11.7
Bluegill sunfish Static 96 hr 9.0-12.5
Channel catfish Static 96 hr 22
Cladoceran (Daphnia magna) Static 48 hr 4.4-6.3
Catfish eggs/larvae Repeat exposure Chronic >0.5
Fathead minnow Repeat exposure Chronic >0.5
Daphnia reproduction Repeat exposure Chronic >0.2

e NOTE: Fluridone was not found to cause genetic mutations or cancer
in tested lab animals.

J. Precautions: Avoid contact with eyes, skin, or clothing. Harmful if
swallowed, inhaled, or absorbed through skin.

K. Field Instructions:

e Avold application during high-flow conditions (e.g., after heavy rain
or high wind conditions).

e Suspended particulates or muddy water should not greatly affect
herbicidal action.

e Avoid application near desirable shoreline trees or shrubs having
roots extending into water.

o Herbicide is not effective against algae and, thus, an algicide may
be required.

e Emptied container should be rinsed three times with rinse water
from the spray tank. Dispose of container by burying, offer for
recycling or reconditioning, or puncture and dispose in a sanitary
landfill.

L. Adjuvant Use: None specified.

M. Application Techniques:
e May be applied with any available (liquid or pellet) application
equipment; uniform application 1s desirable but not necessary.
e Application of spray or pellets may be from shore or boat.
e No information concerning aerial application or spray drift problems.

N. Antidote Information:
e Internal: No specific information; get medical help immediately.
Call physician and emergency telephone number (317) 276-3342
(Elanco).
e External: For eyes and skin, flush with plenty of water; get medical
attention if irritation persists,
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Glyphosate

Chemical Name and Formulation:
Chemical name: N-(phosphonomethyl)glycine
Formulation: RODEO (53.57% ai, isopropylamine salt of glyphosate,
liquid)

Mode of Action: Not definite. However, investigators have postulated
that biosynthesis of phenylalanine is interrupted through repression of
chorismatic acid.

Application: To aerial foliage, water soluble; do not apply to submersed
or mostly submersed vegetation.

Timing of Application: When plants are actively growing.

Application Rates:

e Alligatorweed: 7.9 %/ha (6 pt/acre) as broadcast spray; 1.257 solu-
tion with hand~held equipment.

e Cattail, maidencane, paragrass, spatterdock: 7.0 %/ha (6 pt/acre) as
broadcast spray; 0.757 solution with hand-held equipment.

e Gilant cutgrass, waterhyacinth: 7.0 &/ha (6 pt/acre) as broadcast
spray; l7Z solution with hand-held equipment.

e Torpedograss: 7.0 to 8.8 &/ha (6 to 7.5 pt/acre) as broadcast spray;
0.75 to 1.5% solution with hand-held equipment.

e Other listed perennials: 5.3 to 8.8 #&/ha (4.5 to 7.5 pt/acre) as
broadcast spray; 0.75 to 1.57 solution with hand-held equipment.

Maximum Water Concentration: None 1s specified; approved for use at all
aquatic sites. Recommended concentration is 0.2 mg/%.

Use Restrictions:
e No restriction on use of treated water for irrigation, recreation, or
domestic purposes.
e Do not apply within 0.8 km (0.5 mile) upstream of potable water
intakes.
e Do not exceed 8.8 &/ha (7.5 pt/acre) for each treatment.
e Do not retreat within 24 hr.

Waiting Period: Visible effects on most annual plants occur within 2 to
4 days, but perennial plants may not show effects for 7 days or more.
Visible effects are gradual wilting and yellowing of plant, advancing to
total browning and deterioration. In fact, effects may not appear for
up to 4 weeks depending on physiological state of the plants.

Toxicological Data:

Acute Toxicity

Exposure LC50’ mg/ L%

Species Conditions#* Period, hr

Rainbow trout Static 96 7.0-11.0
Bluegill sunfish Static 96 4,2-14.0
Channel catfish Static 96 11.0-16.0
Cladoceran (Daphnia magna) Static 48 543

*
k%

Toxicity increased with increasing temperature and alkalinity.
41% liquid (ROUNDUP).
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J. Precautions:

e Do not mix or store this product in galvanized or unlined steel
(except stainless steel) due to production of combustible gas
(hydrogen).

e Avold contact with eyes, skin, or clothing.

e Avoild spray drift.

K. Field Instructions:

e Long-term exposure causes corrosion of most exposed metal equipment,
unless thoroughly washed after use.

e Rainfall or washing of plants within 6 hr of application can reduce
herbicide effectiveness.

e Use of an approved nonionic surfactant is required with this
herbicide.

e This product does not provide residual weed control.

e Do not use muddy water for diluting spray solutions due to herbicide
inactivation following particulate sorption.

L. Adjuvant Use: Surfactant use is required. Use 0.25 to 0.57 surfactant by
total spray volume (950 to 1,892 ml/379 & (1 to 2 qt/100 gal) spray
solution). Trademark surfactants: Agri-Dex, CIDE-KICK, Induce,
Liqua-wet, Ortho X-77, Passage, R-11, Spreader Sticker, Super
Spread 200, and Widespread.

M. Application Techniques: Aerial (except in California), high volume, or
hand-held equipment. Drift control additives may be used. Spray to wet
foliage without runoff. Use the least amount of water, as possible, to
provide adequate foliar wetting.

N. Antidote Information:
e Internal: Call physician and emergency number: (314) 694-4000
(Monsanto) .
e External: Eyes should be flushed with plenty of water for at least
15 minutes; skin should be flushed with water; and clothing should
be washed before reuse.
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Simazine

Chemical Name and Formulation:

Chemical name: 2-chloro-4,6-bis(ethylamino)-s-triazine
Formulation: AQUAZINE (807% ai, simazine, wettable powder)

Mode of Action:

e Relatively selective, systemic herbicide with species-specific trans-
location properties.

e Primary action is by blockage of photosynthesis (electron transport
pathways), but rapid action implies other phytotoxic effects,
including increased photooxidation through pigment destruction
reactions.

e Uptake results in rapid foliar chlorosis followed by necrosis and
destruction of all cellular tissues and organelles.

e Low concentrations cause leaf greening and stimulate growth.

Application: Using water as the carrier, apply wettable powder as paste
or slurry to surface of water at several points from shoreline, or spray
dilute slurry suspension over surface of pond. Conventional spray
equipment can be used.

Timing of Application: Early spring applications are best, i.e., after
emergence and before heavy plant growth occurs. Application before
water temperature exceeds 24° C (75° F) allows for slower vegetation
decay and decreased oxygen stress on aquatic organisms.

Application Rates:

e Submersed and floating vegetation:
1.16 to 2.33 kg/ha (3.4 to 6.8 lb/acre-ft)
[(0.92 to 1.85 kg ai/ha) (2.7 to 5.4 1b ai/acre-ft)],
giving concentration of 1 to 2 ppm. For watermeal control, split
application and apply half 3 to 4 weeks after first treatment. Use
higher rate for heavy infestations. For fanwort, use:
2.91 kg/hm (8.5 lb/acre ft) [(2.33 kg ai/ha) (6.8 1b ai/acre-ft)].

e Sensitive algae are usually controlled at doses half those for
aquatic macrophytes,

Maximum Water Concentration: None specified; should not exceed maximum
recommended application of 2.5 mg ai/%.

Use Restrictions:
e Water from treated ponds may not be used for irrigation, spraying
of nontarget vegetation, watering of domestic animals, or for human
consumption until 12 months following treatment.
e Fish from treated ponds may be used for human consumption.
e Treated ponds may be used immediately for swimming.

Waiting Period:
e Control of submersed plants, except coontail, occurs in 4 to 6 weeks;

coontail, in 10 weeks.
e Control of duckweeds occurs in 1 to 5 weeks; watermeal, in 5 to

9 weeks,
e Most algae are controlled within 1 week; bluegreen algae are most
rapidly controlled.

Toxicological Data: (Technical material, 98.17%, except as stated.)
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Acute Toxicity

Species Conditions Pgtgzg?rﬁr LC50’ g/ %
Rainbow trout Static, 12° C 96 >100
Fathead minnow Static, 25° C 96 6.4 - >100
Bluegill sunfish Static 96 16.0
Bluegill sunfish Static, 24° C 96 90 - 110%
Amphipod (Gammarus fasciatus) Static, 15° C 96 >100
Cladoceran (Daphnia magna) Static, 21° C 48 0.56 — 2.2%%

* Wettable powder, 807.
*% EC50 values,
J. Precautions:

e Do not treat ponds with bordering trees having roots that extend into
water; do not spray or spill herbicide on desirable vegetation.

e Avoid contact with skin, eyes, or clothing; wear gloves and
long-sleeved shirts and pants. Wash thoroughly after handling and
before eating. Use dust aspirator and goggles if inhalation and
eye contact with powder is likely.

e Clean equipment with water and discard into treated water; do not use
water for irrigation or domestic use within a 12-month period.

® Avoid storage of herbicide at high temperature or in moist areas;
normal shelf life is more than 5 years.

K. Field Instructions:
e Approved for farm and recreational ponds, including those containing
edible fish,
e Do not use herbicide for spot treatments, due to its slow rate of
action.
e Although formulation can be applied as a powder, it is best to use as
a slurry or spray by mixing with water over the water surface.

L. Adjuvant Use: None.

M. Application Techniques: Mix convenient quantity of wettable powder (e.g.,
2.26 to 4.5 kg (5 to 10 1b)) with water to form thin paste or slurry.
Pastes can be applied to several evenly spaced locations along pond
shoreline, or uniformly applied as a dilute slurry over pond surface
with spray equipment.

N. Antidote Information:
Internal: If large dose is ingested, induce vomiting by placing
finger at back of throat; due to its low oral toxicity, special
action is not required if insignificant quantities are ingested.
Call a physician immediately if a large dose is ingested.
External:
e Flush eyes with plenty of water for at least 15 minutes; get medical
attention if irritation persists.
e Wash exposed skin surfaces vigorously with soap and water.
If inhaled, move to fresh air; give artificial respiration 1if needed.
e Wash contaminated clothing before reuse.

41



SITE FACTORS AFFECTING HERBICIDE SELECTION

The purpose of this section 1s to examine factors that are specific to a
particular site and may affect herbicide selection. The material presented is
organized into three parts as outlined below:

Water body uses and constraints.

a.
b. Water quality.

e}

. Hydrology.

Water body uses may greatly affect the choice of a herbicide for a par-
ticular situation. For example, the list of candidate herbicides is greatly
reduced when a body of water is used as a potable (drinking) water supply.
Water quality may influence the effectiveness of certain herbicides. The
hydrology of the water body also must be considered in the process of herbi-
cide selection. 1In many cases, political considerations will influence or
limit the list of candidate herbicides. The last section, a review of the
fate and persistence of aquatic herbicides, provides a detailed summary of the
expected duration of a herbicide in an aquatic system and the partitioning of
that herbicide to water, sediments, plants, and animals. This information is
very useful because target plant speciles respond to the concentration of
herbicide to which they are exposed, the duration of exposure, and the amount
and location of herbicide accumulated in the plant tissues. An aquatic plant
manager can use herbicide biodegradation and dilution rates to estimate the
duration of exposure. The initial herbicide concentration can then be

selected based on the expected persistence.

Water Body Uses and Constraints

The various demands that are placed on water bodies or resources often
influence choices of herbicides for aquatic plant control. It is frequently
necessary to consider the uses that are made of an aquatic system during the
planning stages of a control program so that appropriate decisions regarding
some of the uses can be implemented prior to actual treatment. In some cases,
uses can be shifted to alternative water bodies with prior planning.

Whether a herbicide is appropriate for a water body or aquatic system,

with a particular water use, 1s clearly specified on the product label. Most
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importantly, instructions on the current product label must be followed. For
convenience and information, a listing of water uses 1s provided below.

Water Use Definitions

Consumptive uses.

a. Municipal water supply. Municipal water supply includes water
diverted to water treatment plants for general public distribution.
Part of this use may go to industrial users, but so long as a munici-
pal treatment and distribution system is the medium, this is usually
considered a municipal water supply.

b. Domestic water supply. Domestic uses are defined as those by indi-
viduals for domestic-home use, including ingestion, plumbing, small-
scale landscape and gardens, pet-recreational animals (e.g., the
family riding horse), and fire control.

c. Industrial water supply. Commercial uses in thils category are
restricted to partial or complete consumptive use and to those supply
media outside the municipal supply system. Examples include power
generation evaporation towers, mining dust-control and flushing sys-
tems, and chemical manufacturing industries.

d. Irrigation/agriculture. Included in irrigation supply use is all
agricultural watering, such as spraying, irrigation, and pesticide
(e.g., herbicide) dilution for application. Not included are
livestock-related uses as described below.

e. Livestock. Besldes ingestion by all livestock (poultry, hogs, goats,
sheep, cattle, horses, and other farm or ranch animals), this water
use category Includes other livestock-related consumptive uses such
as washing and cleaning of enclosures, dips and sprays, and cooling-
wallowing areas. '

Recreation uses.

a. Fishing. Recreational fishing use refers to sport fishing, including

public or commercial "pay-for-fishing'" barges, as well as water
bodies managed for fish spawning and nursery areas necessary for the
sport fishery. Not included are commercial fisheriles, commercial
aquaculture, or hatcheries.

b. Hunting. Included is all sport hunting for water- or wetland-
associated game birds and animals. Also included in the recreational
hunting category are hunting and trapping solely for domestic use.

¢. Swimming. Swimming use includes swimming areas, as well as scuba and
skin diving and waterskiing.

Water Use Restrictions

Herbicides registered for aquatic use in the United States are reviewed
and regulated by the US Environmental Protection Agency (USEPA) under the
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA 1974; 7 U.S.C. 135
et seq., Public Laws 92-516, 94-140, and 95-356) and recent amendments (see

Appendix B). The instructions on the label associated with a herbicide are
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considered a part of compliance with FIFRA and other Federal regulations, and
failure to comply with herbicide label restrictions can lead to severe penal-
ties. An important part of herbicide label restrictions is consideration of
water use or uses in selection of an appropriate herbicide. This considera-
tion of their use in an aquatic system provides for a balance between the

risks involved in use of the herbicide and the benefits that may be realized
from its use., Restrictions are listed when there may be unnecessary risk to

nontarget species such as people, livestock, or wildlife.

Herbicide Compatibility

This section identifies those herbicides that are not compatible with
specific water body uses. You are cautioned that the labels from which this
information was abstracted are constantly changing, and you should review the
most current label for the most recent conditions or restrictions. Some of
the use restrictions may be only temporary, ranging from 24 hr to a year. If
your water body is used for the noted purpose, then due to label restrictionms,
the herbicide(s) noted cannot be used. The only alternatives are to (a) alter
the uses of the water body either temporarily or long term or (b) to apply to
the USEPA for a variance or special permission to use the herbicide for your
particular problem (see Appendix C for national and regional USEPA office
addresses). The latter is an involved process that requires considerable time
and economic resources with no assurance that the variance will be granted;
however, this may be the only alternative available to you. You will need to
resolve these restrictions prior to accepting a herbicide for a desired use.
Herbicide tank mixes are regulated based on the most restrictive herbicide in
the mixture.

The herbicides listed below are not compatible with the listed water body
uses; however, several states have included some of these chemicals under a
Special Local Need permit (Sect. 24c, FIFRA, see Appendix D) issued by the
USEPA. Verification should be obtained from the appropriate state agency.

a. Municipal/domestic water supply. Dicamba + 2,4-D, dichlobenil,
2,4-D, diquat dibromide, endothall, glyphosate (can be used 1f
greater than 1 mile from water supply intake), and simazine, Cur-
rently, only copper may be widely used in municipal water supplies.

jo

Industrial water supply. Dicamba + 2,4-D, dichlobenil, glyphosate,
and simazine.
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c. Irrigation/agriculture, Dicamba + 2,4-D, dichlobenil, diquat
dibromide (temporary water use loss), endothall (temporary water use
loss), fluridone, and simazine.

d. Livestock. Dichlobenil, diquat dibromide (temporary water use loss),
endothall (temporary water use loss), and simazine.

e. Fishing. Dichlobenil and endothall (temporary water use loss).

Water Quality

Selection of an aquatic herbicide may be strongly influenced by water
quality, Chemical and physical characteristics of an aquatic system may not
be compatible with some herbicides. The decision to use a herbicide in a
particular situation may require some prior information on water quality as
well as some routine monitoring immediately prior to treatment and during the
treatment period. The following water quality definitions are provided for
your information and are water quality parameters that usually affect herbi-
cide selection.

Some water quality restrictions are specifically stated on the label that
accompanies each registered aquatic herbicide. Other water quality character-
istics may strongly influence the persistence and fate of a herbicide in an
aquatic system, The following general guidance on water quality restrictions

is abstracted principally from label or manufacturer's information.

Water Temperature

Some herbicides are ineffective at low temperatures. For others, concen-
trations must be significantly increased to achieve control of aquatic plants
at low water temperatures. At some latitudes in the United States, water tem-
peratures may rarely be in the optimal range for activity of some herbicides.
In other cases, you may need to wait for seasonal changes in water temperature
to achieve herbicide efficacy. For example, the labels for copper complexes
and endothall recommend that water temperatures be greater than 16° to 18° C
(60° to 65° F) before applying the herbicide.

Water pH

The hydrogen ion content, or the water pH, may impact the effectiveness
of some aquatic herbicides. For example, the 2,4-D herbicides exhibit
increased effectiveness at pH less than 6.0 and decreased effectiveness at pH

greater than 8.0. At high pH (>8.0), the highest allowable 2,4-D herbicide

45



concentration may be required to achieve control of the undesirable aquatic

plants. You may wish to consider this factor in cost calculations.

Water Hardness

In some situations, water hardness may restrict selection of an aquatic
herbicide. For example, copper-based herbicides must not be used (according
to the label) in water containing trout, if the carbonate hardness of the
water does not exceed 50 mg/% (as CaCO3). If your aquatic system contains
trout and the carbonate hardness is less than 50 mg/% (as CaCOB), you should
not consider using copper-containing herbicides because some fish mortality
may occur. Trout and other aquatic organisms are more sensitive to copper in
soft (low-hardness) water. Labels of copper herbicides carry this

recommendation.

Dissolved Oxygen

For aquatic systems that have important fisheries, dissolved oxygen may
be a concern in application of herbicides or other approaches that allow veg-
etation to decay (consume oxygen) in the aquatic system. The dissolved oxygen
content of an aquatic system may vary considerably as a function of time of
day, cloud cover, and water temperature. Cooler water contains more dissolved
oxygen when all other factors are constant. If dissolved oxygen concentra-
tions approaching 2 mg/% or less are anticipated in your aquatic system, treat
small sections over a long period of time (several weeks) or use control
methods involving removal of vegetation. This will diminish the risk of
oxygen depletion, by reducing the amount of decaying organic material, while
allowing fish to move to untreated areas. Below concentrations of 2 mg/% dis-
solved oxygen, there 1is some risk of a fish kill that may be an indirect con-
sequence of herbicide application.

Suspended Solids and Turbidity
According to manufacturer's recommendations and label information, diquat

dibromide must not be used in "muddy" water, because the herbicide will be
inactivated. Muddy water could be measured as suspended solids in excess of
approximately 250 mg/%, and secondarily by turbidity in excess of

50 NTU (nephelometric turbidity units). Subjective estimates can also be
used. If you think you have muddy water, delete diquat dibromide from consid-

eration or attempt to get further information or advice.
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Hydrology of Water Body

The hydrology and type of aquatic system must be considered when select-
ing a herbicide for aquatic plants. Some herbicides are appropriate for cer-
tain water bodies and inappropriate for others. For example, lotic (flowing
water) systems may require consideration of a different herbicide than lentic
(quiescent water) systems. Factors such as flow rate or retention time may
prevent sufficient plant/herbicide contact time to achieve the desired level
of control. Aquatic herbicide label restrictions may specifically prohibit
use of a herbicide in flowing waters. Some aquatic systems may encompass both
flowing and static waters. For these systems, the specific water management
units (i.e., aquatic environment containing the nuisance plants) must be con-

sidered, and appropriate herbicides selected.
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HERBICIDE FATE

Herbicides can control the majority of aquatic and ditchbank vegetation
and are the most effective choilce in aquatic plant control (Bottrell 1979).
However, herbicide effectiveness can be offset by concerns relating to poten-
tial risks due to the toxicity or persistence of the herbicide and the inci-
dental or secondary effects it produces (e.g., lowered dissolved oxygen due to
macrophyte decomposition). Consequently, the number of chemicals registered
by the USEPA for aquatic use 1s limited and, when they are registered,
restrictions are usually imposed (Way and Chancellor 1976) to minimize adverse
environmental impact.

Once a herbicide has been applied to an aquatic environment, it becomes
distributed among various compartments of that environment, e.g., water, sedi-
ment, plants, and other biota. This distribution, when coupled with the per-
sistence or relative residence time of the herbicide in each particular
compartment, produces the environmental exposure concentration. It is the
exposure concentration of the herbicide in an aquatic environment that pro-
duces effects on the target plant specles (primary effects), the nontarget
plant species, and overall water quality (secondary effects) (Brooker and
Edwards 1975). This section examines the aquatic fate and persistence of
aquatic herbicides registered in the United States.

Various fate processes are responsible for the eventual removal of a her-
bicide from aquatic environments. The fate or ultimate residence (where the
herbicide and its degradation products will be found) and the time required
for the herbicide removal are Intimately tied with these processes (Mill
et al. 1980; Dickson, Rodgers, and Saleh 1981). The magnitude, and conse-
quently the significance, of each process in overall herbicide degradation and
persistence 1s determined by the rate coefficient, K , with a magnitude
directly proportional to the importance of the process in the overall herbi-
clde degradation (Mill et al. 1980). Rate coefficlent K 1s expressed in
units of time.

Water solubility of a herbicide is one of the most important chemical
properties. Environmental fate and persistence of a herbicide are strongly
influenced by water solubility and the tendency to partition between the var-
ious environmental compartments such as water, sediment, and fish (Mackay

1980). In conjunction with the herbicide water solubility, octanol-water
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partition coefficients (Kow) are very useful in predicting the tendency of the
herbicide to concentrate in liquids present in aquatic organisms (Mackay 1980)
or the capacity to sorb on sediments. Variable Kow is defined by the equa-

tion

_ Herbicide concentration in octanol
ow Herbicide concentration in water

and is inversely proportional to the water solubility of the herbicide (Mackay
1980). Numerous correlations between Kow and bioconcentration factors (BCF)
in aquatic organisms have been observed (Chiou et al. 1977, Mackay 1980,
Briggs 1981). The larger the Kow ,» the greater the tendency of the herbicide
to concentrate in living tissue (bioconcentration).

Bioconcentration is a partitioning process, and the potential of a com-

pound to bioconcentrate within an organism is defined as follows:

Concentration in living tissue
Concentration in water

BCF =

The higher the BCF, the greater the potential for bioconcentration and long-
term harm to aquatic organisms and aquatic environments (Neely, Branson, and
Blau 1974). BCF values may either be determined experimentally, by measuring
the concentration of the chemical in water and the organisms, or by employing
empirically-derived linear regression equations (Neely, Branson, and Blau
1974; Chiou et al. 1977; Briggs 1981).

Sorption of the herbicide onto the sediment and suspended solids removes
the herbicide from aqueous environments (Dickson, Rodgers, and Saleh 1981).
Sorption is a dynamic process in which the herbicide is physically and/or
chemically bound to and released from sediment particles (Mill et al. 1980).
Two types of sorption coefficients are observed in the literature, Kp and

Koc . The sorption partition coefficient (KP) is defined by the equation

- Concentration in sediment
P Concentration in water

The adsorption coefficient, KOC » 1s defined as the Kp normalized or

corrected for the organic content of the sediment (Mill et al. 1980) where
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Koc = (Kp/percent organic carbon) x 100 . Both Kp and Koc can be deter-
mined experimentally or derived empirically using linear regression equations
developed from observations of sorption in relation to water solubility
(Karickhoff, Brown, and Scott 1979) and Kow . The higher the Kp (and

Koc ), the greater the role sorption will assume in the removal of the herbi-
cide from water (Dickson, Rodgers, and Saleh 1981). The sorbed herbicide may
be released to the water (desorbed) with changing environmental conditioms,
providing an additional source of the herbicide after system treatment.

A herbicide may move from the water to the atmosphere via volatilization.
Volatilization, the gaseous transfer of a compound, is a function of the solu-
bility in water and the vapor pressure of the compound (Mackay 1980, Mill
et al. 1980). The tendency for a compound to volatilize is measured by H ,

the Henry's Law Coefficient, which is calculated by the equation

Compound vapor pressure
Compound water solubility

The H 1s reported for a few herbicides; however, the vapor pressure or a
qualitative description (e.g., volatile, not volatile) 1s reported in many
cases, The larger the H , the greater the potential for volatilization, but
a direct proportion between volatilization and vapor pressure does not exist
due to the solubility factor involved in this transfer process (Mackay 1980).
For example, a herbicide with a high vapor pressure and high solubility would
tend to volatilize less than a herbicide with a high vapor pressure and rela-
tively low water solubility. Therefore, one should use caution when ranking
herbicide volatility on the basls of vapor pressure alone.

Sunlight affects the physical, chemical, and biological components of the
aquatic ecosystem. Photolysis, the light-mediated degradation or transforma-
tion of a herbicide, is usually represented as a rate coefficient, Kph » OT
as the percent loss of herbicide per unit time. This degradation can be due
to direct sunlight interaction with the herbicide, or indirect, wherein the
sunlight sensitizes another compound resulting in herbicide degradation
through energy transfer. However, with most herbicides, herbicide photolysis
rates are not determined or are insignificant.

Oxidation of a herbicide in an aquatic ecosystem may also occur wherein

an oxidant (e.g., O -0H, KMnOA) introduces oxygen or oxidizes the herbicide,

2’
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causing degradation and loss of the phytotoxic properties of the herbicide
(Mill et al. 1980). However, herbicide oxidation has rarely been reported.

Very few aquatic herbicides are reported to undergo hydrolysis, wherein
water is Inserted into sensitive regions of the herbicide structure; this
causes the sensitive herbicide molecules to become unstable and fragment.
Hydrolysis may occur at acidic, basic, and/or neutral pH values. The specific
rates are reported as KA , KB , and KN , respectively (Mill et al. 1980).
The overall hydrolysis rate constant, KH , 1s calculated by the equation

K, = KA[H+] + Ky + KB[OH—]

where [H+] and [OH ] are the concentrations of hydrogen and hydroxide
ions, respectively (Mill et al. 1980).

Biotransformation and blodegradation are two of the most important fate
processes affecting chemicals once they enter aquatic environments (Mill
et al, 1980, Scow 1982). Bilotransformation occurs when the original compound
is changed by microorganisms to a different compound, whereas bilodegradation
is the microbially mediated change in the parent compound producing carbon
dioxide and water (Scow 1982). Although biotransformation may have occurred,
the resulting compound may be only slightly less toxic or even more toxic than
the parent compound. Bilotransformation data are usually presented as a
pseudo-first-order rate coefficient, Kl (Mill et al. 1980). Also, biode-
gradation or ultimate degradation rates are usually not determined.

An overall or total decay rate coefficient, KT , can be calculated for
each herbicide by adding the individual first-order fate process decay rate

coefficients or K values (Mill et al. 1980). The half-1life (t ), or the

1/2
time required for the loss of one half of the herbicide concentration, is
another method used to represent the overall persistence of a herbicide. This
is the method employed in this review to represent each fate process. The

t is derived from the equation

1/2

¢ . 0.693
1/2 7 K

where the t1/2 is given in time units., Herbicides with small KT values

will persist longer in the aquatic environment (large t1/2 ) than herbicides
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with a larger KT . Also, the relative importance of each fate process for a
particular herbicide may be observed using half-lives.

In many cases, information on specific herbicide properties and rate pro-
cesses is not or cannot be determined. In these instances, Structure Activity
Relationships (SAR) or chemical property estimation methods are employed to
obtain estimates. Such methods are commonly used when data gaps in physical,
chemical, and biological properties are observed (Lyman, Reehl, and Rosenblatt
1982; Kaiser 1984). The Quantitative Structure Activity Relationships (QSAR)
System, developed by Hunter et al. (1984) at Montana State University, was
employed in this review for SAR estimations.

This system 1s a structure activity-based chemical modeling and informa-
tion system. The QSAR serves as a computer-based interactive chemical data
base and environmental fate and effects assessment system designed to provide
information concerning the fate and effects of chemicals in various environ-
ments. It consists of a serles of data bases containing measured property and
process values obtalned from literature sources and a state—of-the-art QSAR
model library. This model is capable of estimating chemical properties, envi-
ronmental behavior, and toxicity from chemical structure when measured values
are not avallable. Throughout this review, information obtained from QSAR is
so indicated.

Each herbicide formulation is discussed below in alphabetical order.

Each discussion includes a table that summarizes the structure, fate pro-
cesses, and concomitant half-lives of the herbicide. Table 1 compares the

persistence of herbicides in the aquatic environment.

Table 1

Herbicide Persistence in Aquatic Environments*

<l Month 3-12 Months >12 Months
Acrolein Dicamba Copper
2,4-D Dichlobenil
Diquat Fluridone
Endothall Simazine
Glyphosate

* Adapted from Audus (1976) with several additions.
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Acrolein

Acrolein (2-propenal) 1is an aquatic herbicide that controls many sub-
mersed weeds (Klingman, Aston, and Noordhoff 1975). Acrolein causes eye
irritation and tearing and is extremely volatile, flammable, and explosive.
Acrolein 1s primarily used in irrigation canals and drainage ditches
(Klingman, Aston, and Noordhoff 1975; Bowmer and Higgins 1976). This herbi-
cide will kill fish and other aquatic wildlife at treatment concentrations
(Crafts 1975); therefore, acrolein should be used only in aquatic systems
where such resources are not considered important.

Acrolein is soluble in water to 280 g/f% at 20° C and has a low octanol
water partition coefficient of 0.81 (Callahan et al. 1979) (Table 2).
Acrolein 1s relatively nonpersistent in aquatic environments, with half-lives
ranging from less than 1 day (Hiltibran 1962, Callahan et al. 1979) to
approximately 2 days (Bowmer and Higgins 1976). The primary fate process,
hydration, produces B-hydroxypropionaldehyde, which is then easily biotrans-
formed. A pseudo-first-order rate coefficient for acrolein hydration of
0.032/day, coupled with a biotransformation-decay rate coefficient of
7.8 x 10_3/day (<1l percent per day), produces a calculated aqueous half-life
of 17.4 days (Bowmer and Higgins 1976, Callahan et al. 1979). However, since
acrolein is a volatile herbicide when placed in water (Bowmer and Higgins
1976) and 1is easily biotransformed, its persistence is greatly reduced in
aquatic environments.

Although acrolein is a relatively water-soluble aquatic herbicide with a
small Kow , fish BCF values ranging from 215 to 344 have been observed for
bluegill sunfish (Lepomis macrochirus) tissue (USEPA 1980a). Photolysis,
hydrolysis, oxidation, and sorption are not considered significant acrolein
fate processes (Callahan et al. 1979, Mabey et al. 1981). A sediment adsorp-
tion coefficient (Koc) of 0.49 from Mabey et al. (1981) is not considered a

significant fate process.

Copper Sulfate and Complexes

Copper sulfate (CuSO4) and complexed coppers have been used for many
years in mixtures with endothall and diquat for aquatic macrophyte control

(Crafts 1975). However, the copper ion is very persistent in aquatic
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Table 2

Structure and Environmental Properties of Acrolein#*

Structure or Property Value
H H
Structure HC=C—-C=0
Water solubility (mg/%) 2.8 x 105
% 0.81
ow
K 0.49
oc
BCF 215-344
(kills fish
at recom-

mended treat-
ment rates)

H (atm m3/mol) 5.66 x 10—5
Photolysis half-l1ife, days Stable
Hydration half-life, days 21.6
Hydrolysis half-1ife, days Stable
Biodegradation half-life, days 88.8

* Specific references and ranges are found in the text.
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ecosystems and can be recovered from the sediments and remaining vegetation
the season after treatment (Audus 1976). Although copper sulfate is primarily
used in aquatic environments for algae control, the copper complexes are prin-
cipally formulated for aquatic plant and algae control.

Ethanolamine, triethanolamine, and ethylenediamine copper complexes are
employed in aquatic macrophyte control (Rodgers et al. 1983; Weed Science
Society of America (WSSA) 1983) (Table 3). There are no restrictions concern-
ing the use of treated water (assuming the copper concentration 1s less than
1 mg/%), and the water may even be used for domestic purposes, swimming, fish-
ing, and irrigation immediately after treatment (Crafts 1975). However, once
copper has been employed for aquatic macrophyte control, the copper persists
indefinitely due to its elemental nature. The majority of the copper applied
will eventually sorb to the sediments (WSSA 1983). Wagemann and Barica (1979)
observed dissolved copper aqueous half-lives in several Manitoba lakes ranging
from 1 to 7 days. For five out of six lakes, the half-lives were 1 to 2 days.
Only one lake had an aqueous copper half-life of 7 days. The copper may have
sorbed to sediments (Sanchez and Lee 1978) and particulate organic and
inorganic complexes (Harrison 1985). Also, copper complexes are the most
stable, compared with other transition metal cations (Stumm and Morgan 1970).
Up to a pH of 6, dissolved free copper ion Cu2+ is the dominant copper species
(USEPA 1980b). It is the soluble copper form that is considered phytotoxic
and bioavailable with most aquatic organisms (Harrison 1985). Copper
complexes and adsorbed species appear to be largely nontoxic (USEPA 1980b).
Bioconcentration factors for copper range from 88 for the hard-shelled clam
(Mercenaria mercenaria) to 2,000 for the green alga Chlorella vulgaris. A BCF
of 290 was measured for the fathead minnow (Pimephales promelas) (USEPA 1980b).
During a study of the effect of water hardness and humic acids on copper
toxicity to the water flea (Daphnia magna), Winner (1985) observed BCF values
for copper ranging from 1,200 to 7,100.

The copper Cu Alkanolamine - 3H20++ and Cu Alkanolamine - 21-120++
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