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PREFACE

This is one of a ten volume series of reports issued by the State
Water Resources Control Board (SWRCB) on agricultural chemicals.
Titles of volumes in this series: (1) Water Quality and
Pesticides: A California Risk Assessment Program; (2) Toxaphene;
(3) 1,2-Dichloropropane/1,3-Dichloropropene; (4) Rice Herbicides:
Molinate and Thiobencarb; (5) Endosulfan; (6) Ethylene Dibromide;
(7) Groundwater Contamination by Pesticides: A California
Assessment; (8) Malathion; (9) 2,4-D; and (10) Glyphosate.

This is an interim status report, rather than a more complete
risk assessment due to the following constraints:

1. Classification of health effects and environmental fate data
as trade secret information;

2. Lack of toxicity information on non-herbicidal components
(e.g., inert ingredients) of the spray solutions which are
applied to forests and waterways; and

3. Lack of sufficient monitoring data to assess movement and
degradation in California's environment following application
to forests and waterways.

Since trade secret classification of these data had imposed
restrictions on this report's contents, a preliminary draft had
discussed this issue in great detail. In the opinion of SWRCB
legal staff, however, the June 26, 1984 decision of the U.S.
Supreme Court (Ruckelshaus vs. Monsanto Co.) upholds the
authority of the Environmental Protection Agency (EPA) to
publicly release the human health effects and environmental fate
data submitted by the registrant. The 8-0 decision made detailed
discussion of public release of data concerning pesticide
registration moot. It now appears that the toxicological and
environmental fate data will become public information.

Due to time constraints, it was decided to issue this interim
report with minimal revision of the May 1984 draft report, to
reference within the text the U.S. Supreme Court decision, and to
incorporate comments of peer reviewers where appropriate. A
subsequent report will review additional toxicological and
environmental fate data when they become available along with any
newly developed data on surfactant toxicity and California
monitoring data.

The use of herbicides in forest watersheds or direct applicaticn
to waterways has resulted in expressions of concern by downstream
water users. This report considers the potential water quality
impacts of glyphosate resulting from forest and aquatic weed
control programs. water quality guidelines for drinking water
supplies and aquatic habitat are suggested. Recommended
management practices are described which can minimize adverse
environmental effects from the use of glyphosate.
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Where water quality problems have been identified, the State
Board wiil recommend appropriate measures to correct or prevent
adverse impacts on beneficial uses. The mention of any product
name in this report should not be construed as a product
endorsement by SWRCB. "RODEO" and "ROUNDUP" are trademarks of
Monsanto Cc. ORTHOX=7 is a trademark of Chevron Chemical
Company.
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SUMMARY

Background

Tnis report was undertaken Iin response Lo concerns regarding the
registration in California of herbicides containing glyphosate
for the following tnree uses: "ROUNDUP" for aerial application
to forest land for conifer release and site preparation, and
"RODEO" for aquatic weed contreol. These concerns were expressed
by domestic water supply purveyors, environmental groups, and
Regional Board staff. The purpose of this evaluation was to
(1) determine potential adverse impacts of ROUNDUP and RODEO on
water quality and (2) recommend protective guidelines for aquatic
life and human health in consultation with other appropriate
state regulatory agencies.

The classification of toxicological and environmental fate data
as trade secret information hindered the public discussion of the
water quality impacts of RODEO and ROUNDUP use. The U.S. Supreme
Court decision of June 26, 1984 concerning public disclosure of
toxicological and environmental fate data for pesticides (active
ingredients) will remove the existing restrictions on public
disclosure.

The lack of sufficient data on toxicity and fate of "inert
ingredients", restrictions on public release of these data, and
insufficient monitoring due to difficult and expensive analytical
methods, all are still issues that remain unresolved. Although
further review by State Board staff and public peer review of all
toxicological and monitoring studies would be desirable, it
appears at this time, on the basis of the information reviewed,
that glyphosate and its formulated products do not pose a serious
threat to beneficial uses of water in California.

Use

Glyphosate was first used in California in 1974, and, since then,
its reported use has increased over ten-fold from 20,000 pounds
to 228,000 pounds in 1982. Glyphosate is an unrestricted
pesticide whose use is not required to be reported to the
California Department of Food and Agriculture (DFA), except for
applications by licensed pesticide applicators. Approximately
one-third of each year's total annual pesticide use is actually
reported. If this same proportion were applied to glyphosate,
the actual use would be 300 percent of the values listed in
Figure 1.1. Sales data on glyphosate are considered trade secret
and were, therefore, not available for citation in this report;
the extent of under-reporting could not be estimated.



Monitoring

Few monitoring data of glyphosate aquatic or silvicultural
applications in California were available for inclusion in this
report because of the lack of a rapid and straightforward
chemical analysis for glyphosate. DFA requires that each
registered pesticide have an analytical method for crop residues
that can be completed in less than 24 hours. Crop residue
methods are not always applicable to water, sediment, and biota
residues. While the DFA lab can process a few samples atl the
request of State and Regional Board staff, the lab is not set up
to process the large number of samples needed for water quality
or environmental fate studies.

One Calirornia commercial lab, North Coast Laboratories in
Arcata, has developed the capability to process glyphosate
samples. Before the State and Regional Boards can rely on this
lab for processing water quality monitoring samples, the accuracy
and precision of their determinations need verification. North
Coast Laboratories has requested the assistance of the State
Board staff to organize an independent inter-lab comparison
study. State Board staff will invite DFA, Monsanto, and the
University of California to participate in such a study.

Studies of ROUNDUP indicated that 41 percent of the glyphosate
applied to dry drainage canals was present in soil samples

172 days following treatment. 1In another study conducted in
Ohio, ROUNDUP was applied at 8 pounds glyphosate per acre (twice
the recommended maximum forestry use rate); the maximum
glyphosate concentration (5200 ppb) was found in runoff from a
storm one day after treatment. At a 3-pound per acre application
rate, the maximum glyphosate residue in runoff ten days after
application was less than 100 ppb. The potential for off-site
movement depends upon the amount applied as well as the frequency
and intensity of storm events.

In an aerial application study conducted by Oregon State
University researchers, ROUNDUP was intentionally applied to a
slow-moving stream in a forest watershed. The maximum glyphosate
residues detected (230 ppb) occurred one day after application.
Fourteen (1l4) days after application, the maximum concentration
found in a composite stream bottom sediment sample was 450 ppb,
decreasing to 90 ppb by the 55th day. Accumulation of pesticide
residues in benthic sediment is a violation of existing regional
board Basin Plan water quality objectives. Additional California
monitoring is needed to verify whether or not accumulation of
glyphosate is occurring as a result of the use of RODEO and
ROUNDUP. '

Oon July 2, 1984, Monsanto released for State Board staff, public
review, and publication, water quality monitoring data from a
June 30, 1983 application of RODEO applied to control water
hyacinth in one-acre test plots near Disappointment Slough
(Stockton, California). In this test, RODEQ was applied at 6
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pounds glyphosate per acre to an open water site subject to tidal
flow. This application resulted in a maximum detected
concentration of 4C parts per billion at a sampling location 20
feet downstream of the treatment, one-half hour after
application. Application tc a back-water site not subject to
tidal fiow resulted in a2 maximum detected concentration of 60
parts per billion, 20 feet away from the site, four hours after
application.

The active ingredient (glyphosate) in both ROUNDUP and RODEO
could be expected to behave similarly in the environment.
Although most cof the environmental fate data on pesticides are
usually developed on the active ingredient rather than the
formulated product, information demonstrating aquatic toxicity of
the surfactant MON 0816 in the ROUNDUP formulation indicates the
need for additional information on the environmental fate and
toxicioty of RODEO spray solution.

Risk Assessment

Baseu on animal studies, the risk of acute fatal poisoning of
glyphosate to mammals is slight to moderate depending upon the
test and species tested. Of the 20 toxicity tests for glyphosate
performed by the registrant and cited by EPA in the Federal
Register, 6 were negative, 9 had a "no observed effect level"
(NOEL) established, 3 developed LD50 information, and

2 tests reported some eye and skin irritation. Discussions of
each of these 20 tests, as well as over 30 others not cited in
the Federal Register, will now be possible due to the U. S.
Supreme Court decision. This report will be updated after review
of all the pertinent studies.

EPA has established a human acceptable daily intake (ADI) for
glyphosate of 0.10 miliigrams per kilogram body weight per day.
DHS is currently reviewing the toxicological data on which EPA
based the ADI determination.

The importantce of testing the formulated product as well as the
active ingredient is exemplified by the results of skin and eye
tests using rabbits. When glyphosate alone was tested, it was
classified as slightly irritating. When similar tests were
conducted using the ROUNDUP formulation, this product was found
to be a more serious irritant. A 1980 EPA worker illness
investigation identified 109 cases of skin or eye irritation
attributed to worker exposure to the ROUNDUP spray solution.

One concern raised by public intertest groups was the validity of
studies performed by Industrial Biotest Laboratories, Inc.
(I.B.T.). EPA found some tests to be invalid. All of the repeat
tests for glyphosate required of the registrant by EPA have been
completed and accepied with two exceptions. A chronic mouse
carcinogenicity study has been completed and is undergoing EPA
review. A subchronic dog study was recently declared invalid by
EPA; a replacement study is now underway.
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A 21-day rabbit dermal expcsure stiudy witn glyphosate showed
certain testicular effects (i.e., mild degeneration of
seminiferous tubules) in both control and test groups. No firm
conclusions could be drawn since the effects are not necessarily
due to chemical exposure. DHS ig ccnducting a review of the
glyphosate toxicological data inciuaing the rabbit tests. After
this review is complete, a decision will be made on the necessity
of further testing.

In a study on the effects of ROUNDUP to aquatic species, the most
significant finding was tne greater toxicity of the "inert"®
surtactant (~MON 0818) compared to giyphosate, which has a
relatively low toxicity to aquatic organisus. The acute toxicity
of the surfactant to fish was 7 to 7 times greater than
glyphosate depending on the particular species of fish exposed
and the duration of the exposure. A comparison of 96-hour LC50
concentrations affecting adult and immature fish species
indicates that rainbow trout fingerlings are 6.4 times more
sensitve to ROUNDUP than adults.

Water Quality Criteria and Guidelines

Water quality limits, together with field menitoring data, can be
used to evaluate the efficiency of management practices in
preventing off-site movement of pesticides. Existing glypliosate
information does not indicate a high potential for chronic human
health effects. Consequently, tihe EPA proposed potable water
limit of 500 ppb (ug/l) glyphosate acid appears adequate to
protect human health. This limit may need to be reevaluated by
EPA and DHS scientists after the review of the mouse
carcinogenicity and subchronic dog feeding studies are completed.

The RODEO formulation, unlike ROUNDUP, does not contain a
surfactant. The user is required, however, to aad a nonionic
surfactant {Ortho X-77) to the spray solution prior to
application. Ideally, a comprehensive assessment of water
quality impacts would invelve aquatic toxicity bioassays and
environmental fate studies of: (1) the actual spray solution;
(¢) each active ingredient; and (3) each surfactant or inert
ingredient in order to determine the total impact of treatment
and the relative contribution of each constituent in the
herbicide solution actually applied.

Monsanto has noted that all aquatic toxicity tests required by
the Office of Pesticide Programs, EPA, have been conducted.

Staff has reviewed the published data for the ROUNDUP spray
solution and unpublished data developea by Monsanto for the RODEOQ
spray soclution (including Ortho X-77). Although the RODEO data
has not been peer reviewed, it appears that ROUNDUP is more toxic
to aquatic life than the RODEGC spray solution.
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On the basis of limited data available, the interim recommended
water quality guideline to protect aquatiec life from the ROUNDUP
formulation is 130 ppb (ug/l) expressed as glyphosate acid. The
interim guideline is based upon the application of a 10-fold
safety factor to the lowest 96-hour LC50 value. This value is
1.3 mg/l ror immature reinbow trout (the most sensitive 1life
stage of the most sensitive species tested). For the RODEO
formulation, used with Ortho X-T77, a guideline should bLe
established when data on the aquatic toxicity of Ortho X-77
surfactant to early life stages of aquatic organisms become
availaole.

Potential Mitigation Measures and
Kecommended Management Practices

The registrant has recommended a number of use practices which,
if followed, should avoid exceeding presently recommended
glyphosate water quality guidelines for protection of human
health and aquatic life. The effectiveness of these mitigation
measures under California application conditions needs field
verification. The proposed mitigation measures and recommended
management practices include the following:

ROUNDUP (for conifer release or site preparation): Application
is not recommended (1) when wind speeds exceed % miles per hour
(to prevent drift of spray solution); (2) when rain is expected
within 6 hours (to prevent washing the herbicide from the
foliage); and (3) land should not be tilled prior to or
immediately after application since three to six days must be
allowed for the complete translocation of glyphsoate. ROUNDUP
should not be directly applied to any body of water.

RODEO is applied directly to water for aguatic weed control. It
snould not be applied (1) within 0.5 miles upstream of potable
water intakes; or (2) if heavy rainfall or irrigation is likely
to occur within 2 hours after application.

Herbicide users should pay special attention to the quality of
the water used to prepare the spray solution. High
concentrations of sediment or dissolved inorganic chemicals in
make-up water can reduce efficacy. This, in turn, could result
in the need for repeated applications of the herbicide with
increased potential for environmental contamination.

Users of ROUNDUP and RODEO should consult with county
agricultural commissioners, regional water quality control
boards, and the Department of Fish and Game for site-specific
guidance and interpretation of label requirements prior to
application to avoid adverse effects on water quality.
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RECOMMENDATIONS

This is an interim report. It is based upon staff investigations
conducted prior to the U. S. Supreme Court decision of June 26,
1984 which clarified the ability of State Board staff to review
and disclose toxicclogical and environmental fate data.

The following recommendations may be revised after additional
monitoring information becomes available and after more extensive
scientific peer review of the toxicological and environmental
fate data.

The following actions are recommended:

1. The EPA drinking water guideline of 500 ppb (ug/1)
glyphosate acid should be adopted by DHS as an interim
action level to protect public health. This limit should be
reevaluated after EPA and DHS complete their review of the
chronic mouse carcinogenicity study.

2. An interim water quality guideline of 130 ppb (ug/l)
glyphosate acid for forestry uses of ROUNDUP is recommended
to the regional poards in order to protect aquaitic life.

3. Additional aquatic toxicology data are needed for RODEO and
its required surfactant (Ortho X-77). Information for both
adults and early life stages, particularly the extent of
structural damage to gills and other barrier membranes, is
needed to derive water quality guidelines for this herbicide
when used in aquatic weed control. The formulated product,
including the recommended surfactant, should be used in
chronic toxicity tests by the registrant to assess more
completely the effect on aquatic organisms.

4, EPA registration data requirements for "inert" ingredients
(e.g., MON 0818 and Ortho X-77) should be strengthened to
require testing of these ingredients where they could impair
beneficial uses of water.

5. An improved analytical method should be developed by the
registrant for detection of glyphosate residues in water,
sediment, and biota. Although the registant's current
methods of glyphosate analysis are valid and development of
a simpler, less expensive method is difficult, environmental
monitoring is needed to verify the effectiveness of the
label use restrictions in preventing or mitigating adverse
impacts on water quality.

o. EPA registration requirements for analytical methods should
specify that a proposed method is reasonable for
environmental monitoring, i.e., does not require excessive
time and cost.



10.

11.

Monitoring studies of glyphosate for aquatic and
silvicultural weed control should be conducted under
California use conditions by the registrant in cooperation
with the appropriate state agencies. The objectives of this
monitoring should be to: (1) determine the environmental
fate; (2) verify the effectiveness of recommended management
practices under routine use; and (3) verify compliance with
Basin Plan provisions prohibiting accumulation of pesticides
in benthic sediment.

DHS should review Monsanto rabbit test data and evaluate the
toxicological significance of these studies, if any, in a
public report.

Although ROUNDUP and RODEO are not restricted pesticides
requiring a use permit, users should consult with the
appropriate county agricultural commissioner(s), regional
water quality control board, and the Department of Fish and
Game for site-specific guidance and interpretation of label
requirements prior to application to forests or waterways.

EPA should accelerate issuance of an assessment concerning
the toxicological acceptability of grouping data on benign
and malignant tumors in laboratory animals dosed with
glyphosate.

Existing toxicological and environmental fate data for
glyphosate and its formulated products should be submitted
by the registrant to peer-reviewed scientific journals.






CHAPTER 1. INTRODUCTION

Glyphosate (Table A-3.2) was selected by State Board staff for a
detailed review due to:

1. the potential for increased uses;

2. the potential impact on aquatic life and domestic
water supplies; and

3. expressions of puolic concern (Appendix 1).

The number of available, active herbicide ingredients has
increased from 15 in 1950 to 180 (over 6,000 formulations) in
1974 (Sill, 1982). Weed competition for water, nutrients, and
sunlight triggered the search for weed control chemicals which
are effective, yet relatively nontoxic to specified crops and
other organisms.

According to Monsanto, glyphosate is less persistent and more
effective than many older herbicides (Serdy, 1984). Because of
these advantages, as well as an apparent low toxicity, the use of
glyphosate in California has increased since its introduction in
1974. Figure 1.1 shows the amount of glyphosate use reported to
DFA from 1974 through 1982. The data are probably underestimated
because glyphosate 1is not a restricted pesticide and users are
not required to report applications to DFA. Approximately one-
tnird of the total annual pesticide use is actually reported
(DFA, 1978). 1If this same proportion were applied to glyphosate,
the actual use would be 300 percent of the values listed in
Figure 1.1. Sales data on glyphosate are considered trade secret
and were, therefore, not available for citation in this report;
the actual extent of under-reporting could not be estimated.

The forestry uses of ROUNDUP (site preparation and conifer
release) were registered by EPA on May 15, 1980, and by the State
of California on January 25, 1982 (all labels discussed here are
reproduced in Appendix 5). EPA registered RODEO for aquatic weed
use on January 20, 1983; California on March 28, 1983. Most
public discussion has dealt with forestry uses.

A staff review of the published and unpublished studies of
aquatic toxicity indicates that the existing data were not
adequate to derive water quality criteria. In order to fili the
data gaps, State Board staff has requested the registrants to
perform several additional aquatic toxicity tests to assess the
potential feor toxic impacts on the State's fisheries. The
resuits of these tests are discussed in Chapter 3.

Treatment for conifer release can be made in either the fall
arter formation of final conifer resting buds or in the spring
prior to initial conifer bud swelling. 1In California, use for
conifer release is usually made in fall (August - October) or
spring (April - May). Treatment for site preparation is normally
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carried out from midsummer to early fall, before frost, or
whenever undesirable vegetation is at the proper state of growth.
The maximum application rate of ROUNDUP for forestry use is five
quarts per acre (3.75 pounds glyphosate acid/acre).

The maximum applicaZion rate of RODEQ for aquatic weed control is
7.5 pints per acre (3.75 pounds of glyphosate acid/acre). Staff
calculated the maximum water concentrations to range from

1.38 ppm at a depth of one foot to 0.138 ppm at a ten-foot depth
(an acre-foot of water is approximately equivalent to 2,720,000
pounds). The subject of water quality limits is discussed in
Chapter 4.

The existing methods for glyphosate analysis in water, soil, and
biota are complex, time-consuming, and expensive. (Consequently,
routine environmental monitoring of spray operations is not
practical and environmental fate data in California are very
limited, A discussion of current analytical methods is contained
in Appendix 2.

Tiie U. S. Supreme Court decision (52 U.S.L.W. U586) has made
clear that the existing toxicological and environmental fate data
are subject to disclosure. When available, all relevant
information will be reviewed by State Board staff and peer review
scientists. This interim report willi then be revised as
necessary.

The discussion of potential water quality impacts of glyphosate
and its formulated products in this interim report is therefore
based upon:

o] The limited data published in the scientific literature;

o Data summaries and results released by Monsanto;

o Data summaries and results from Monsanto studies which
were released by EPA; and

o] Commentary by other scientists who have reviewed the
Monsanto studies.



CHAPTER 2. MONITORING

California Monitoring Data

Few monitoring data of glyphosate applications in California were
available for inclusion in this report because of the problem
discussed in Chapter 1. Yates et al. (1978) studied drift of
glyphosate applied to a flat dry field with short dry grass
located near Davis, California. Drift was studied after
application by ground, fixed-wing aircraft, and helicopter using
a variety of spray nozzles. Use of a thickening agent (Nalcotrol
II) in the spray solution was also investigated. The drift loss
from a helicopter application averaged between 0.03 g/ha to

5 g/ha on a falliout sheet at 100 m. Differences in fallout were
attributed to application equipment; use of a polymer thickening
agent was only slightly responsible for the drift reduction.

This study describes drift patterns produced by ROUNDUP
applications to flat agricultural land and documents the
variation caused by different application methods. Yates et al.
note that the study was designed to collect reiiable average data
with a minimum number of samples (e.g., without replicate
sampling) due to the expensive analytical procedures for
glyphosate. (The difficulty of analytical detection is discussed
in Appendix 2.)

Yates et al. did not monitor glyphosate residues in runoff. The
results of this study cannot be used to estimate drift from
silvicultural applications due to significant differences in
topography, plant canopy, and drainage characteristics.

On July 2, 1984 Monsanto provided State Board staff with residue
information from a June 30, 1983 application of RODEO.
Researchers from the U. S. Depariment of Agriculture, in
cooperation with Monsanto, monitored the levels of glyphosate in
water after application of the RODEQO spray solution to two
separate test plots in Disappcocintment Slough near Stockton,
California. At each one-acre test plot, 100 gallons of spray
solution containing 1.5 percent RODEO concentrate and

0.5 percent Ortho X-77 surfactant were applied via handgun. This
application rate is equal to 6 pounds/acre of glyphosate acid.

At 0.5 hr., 2 hr., and 4 hr., four 1 liter subsamples were taken
and composited in a one-gallon container. From this one-galion
container, 3 one-liter samples were taken and shipped to Monsanto
for analysis. The nighest concentration detected was 60 parts
per billion in a sample taken four hours after application

20 feet from a site not subject to obvious tidal flow. At an
open water site subject to tidal flow, the highest level detected
was 40 parts per billion, 0.5 hour after application, 20 feet
from the site.



Since the conifer release field data in support of ROUNDUP
registration were cbtained in Oregon and since the inal report
had not yet been prepared, the North Coast Regional Board staff
recommenced in May 1981 that adaitional rield monitoring studies
be conducted under environmental conditions in California.

vjouitoring bata from Other States

Fiela studies of glypnosate applied in the fal. to drainea
agricultural canals show virtually no detectable herbicide
residues of glyphosate or aminoethylphosphonic acid (AMPA), the
principal oreakdown product, in water flowing through tnese
canals in the folliowing spring (Comes et al., 1976). 1In this
study, the glyphosate uetection limit was 2.5 ppb. Forty-one
(41) percent of tne glypaosate applied (5.6 kg/ha) was present in
soil samples (0 to 10 ¢m) 172 days following application. The
relatively long persistence noted in this study could be
attributed to reduced microbial degradation during cold winter
temperatures.

The maximum reported surface runoftf of applied glyphosate
occurred at the North Appalachian Experimental Watershed near
Coshocton, Ohio, wnere ROUNDUP was used in no-tiliage tarming.
Soils in this region are derived from sandstone and shale under
harawooa vegetation; the slope nere averaged 15 percent (range

6 to 15.8 percent). The major loss occurred from a single storm
event one day after treatment. The giyphosate application rate
of 8.96 kg/ha (8.0 lbs/acre) was twice the recommended maximum
forestry use rate. The maximum glyphosate concentration found
was 5.2 ppm in storm runof:t. At lower application rates up to
3.50 Kg/ba (5.0 ilbs/acre), the maximum herbicide residue in
runoff was less than 0.1 ppm ten days after application.
herbiciae transport in the first runoft event following treatment
accounted for 99 percent of the total runoff from one watershed
for three consecutive years. Glyphosate residues were detected
in the upper 2.5 cm of treated soil several weeks after residues
in water runoft were not detectable; the limit of detection was

2 ppb in soil and water (Edwards et al., 1980). The potential
ror off-site movement depends upon amount applied, as weli as the
frequency and intensity of storm events.

GiLyphosate strongly adsorbs to soil anud sediment. Microbial
degradation appears to be the major route of breakdown. The
average half-life in soil is about two months (Ghassemi et al.,
1981; Hance, 1976). Little information is available concerning
tue hail'-lite in surface waters. It is, however, expected to be
less in water than in soils due to the removal of water-borne
residues by adsorption to suspended substances anu seaiments ana
their subsequent benthic deposition (Ghassemi et al., 1981; Comes
et ai., 197v). The formation of N-nitrosoglyphosate does not
appear to be probable during normal application practices.



A two-year study was conducted at Oregon State University in
cooperation with Monsanto to monitor the environmental fate of
glyphosate aerially applied to forest watersheds for conifer
release. The final report has not yet been published.

A two-page interim report (Newton, 1980) found that the half-life
of glyphosate ranged from 14 to 28 days in soil, leaf litter, and
litter-covered soil. The maximum residue found was 17 ppm in
leaf litter following an application twice the normal rate.
Glyphosate residues in water did not exceed 230 ppb despite
direct application to a slow-moving stream. Subsequently,
glyphosate dissipated rapidly to below 2 ppb (the limit of
detection) on the 14th day after application (Figure 2.1).

Stream bottom sediments adsorbed glyphosate. The maximum
concentration found (450 ppb on the 14th day) decreased to 90 ppb
by the 55th day. These sediment values are based on analysis of
composite samples, some of which therefore could have glyphosate
concentrations higher than 450 ppb.

Accumulation of pesticide residues in benthic sediment is a
violation of existing regional board Basin Plan water quality
objectives., Additional Californila monitoring is needed to verify
whether or not accumulation of glyphosate is occurring as a
result of the use of RODEC and ROUNDUP.
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CHAPTER 3. RISK ASSESSMENT

"Ail substances are poisons....
The right dose differentiates a poison ana a remedy."

Paracelsus
(1493-1541)

Mammalian ano Human Health Effects

RuUWDUP, ROLEO, and tneir constituents, iike all chemicals, can
produce toxic effects when biota are exposed to sufficient
quantities. The key to assessing human heaith and environmental
impacts is careful evaluation of the amount and exposure period
required to produce adverse effects.

The results of experiments where chemicals are administered to
groups of test animals are extrapolated to predict the hazard of
acute or chronic human exposure. In those few instances where
human exposure data provide additional insights, assessments
based upon animal test data may be modified. Due to the limited
amwount of data from human exposure, animal study data provide the
basis for most toxicological risk assessments of pesticides,
inecluding glyphosate and its formulated products.

This assessment is based upon the few independent studies found
in the scientirfic literature and the published summaries of
Monsanto data, including toxicological assessments by Drs. Peter
Kurtz (DFA) anu Frank Dost (Oregon State University) (Kurtz,
1983; Dost, 1983).

Acute Toxicity

The nazard of short-term poisoning is determined by calcuiating
the LD50, the dose needed to kill 50 percent of the test animals.
An ora.i LD50 study using rats produced a value of 3.8 grams of
glyphosate per kilogram of animal body weight (Federal Register,
19yo01). Another oral LD50 (rat) test reported by the registrant
indicated the acute lethal dose of glyphosate, RODEQ and ROUNDUP,
to pbe greater than 5.0 g/kg (Monsanto, 1982a, b; 1983). Tne risk
of acute lethality from glyphosate is therefore relatively low,
based on a common method of comparing relative toxicities:



CLASSIFICATION OF TOXICANTS INTO
CATEGORIES RELATED TO THEIR RELATIVE LETHALITY
(Adapted from Casarett and boull, 1975)

Common Term Probable Human Lethal Dose
70-kg (150-1ib) Person

Rating (Lethal Dose) (Common Measure)

6 Supertoxic <5 mg/kg A taste, T drops

2 Extremely 5-50 mg/kg 7 drops to
toxic 1 teaspoonful

by Very toxic 50-500 mg/kg 1 tsp to 1 ounce

3 Mmoderately 0.5-5 g/kg i1 oz to 1 pint or 1lb.
toxic

2 Sligntliy 5-15 g/kg 1 pint to 1 quart

1 Practically >15 g/kg 1 quart
nontoxic

Accoruing to this system, glyphosate would be rated sligntly to
moderately toxic depending upon the test. A comparison of
giyphosate acute toxicity with a few other commonly used
chemicals is instructive: aspirin (oral LD50 value of 1.75 g/Kg
to rats) would bLe classiried as moderately toxic (Merck Index,
1976); while parathion, a commonly used agricultural pesticide
(orai LD5U value of 13 mg/kg to male rats) (Farm Chemicals
Handboox, 1982), is classified as extremely toxic. Animal tests
indicate that the risk to human health of fatal poisoning with
the active ingredient glyphosate is slight or moderate, depending
upon the test and the species tested. Few cata are available to
compare the relative risks of the active ingredient against
various formulated products containing glyphosate, since these
data are not presently required by EPA as a condition of
registration.

Chronic Toxicity

Long-term exposure to a chemicai may cause either death, ‘
noniethal adverse effects, or no discernable effect. 1In order to
assess these possibiiities, animal tests nave been developed to
study the possible production of birth defects, fetal death,
sterility, nervous system damage, or cancer. Of the 20 tests
reported by EPA for glyphosate, six were negative, nine had a "no
ovserveu effect ievel"™ (NOEL) established, three developed LD50
information, and two tests reported some eye and skin irritation
(Taple 3.1). Fulli descriptions and discussions of eacn of these



20 tests as well as over 30 other tests not cited in the Federal
Register (Serdy, 1984) were not possible because of restrictions
on data claimed tc be trade secret. This report will be updated
after pertinent information is obtained and has been submitted
for more extensive peer review.

Tne EPA registration data requirements for pesticides are listed
in the Code of Federal Regulations (40 CFR PART 158). A limited
general description of the Monsanto toxicology data is available
from two other sources, Herbicide Handbook, 1979, and a U. S.
Forest Services report, 1981,

The Herbicide Handbook provides a two-paragraph summary of
several chronic tests which are listed in Table 3.1. The
original studies are not presently public information. 1In one
study, technical grade glyphosate was fed to rats and dogs at
dietary levels of 200, 600, and 2,000 parts per million (ppm) for
90 days. No significant differences from control animals were
observed in mean body welght, food consumption, bpehavioral
reaction, mortality, hematology, blood chemistry, or urinalysis.
No relevant gross or histopathologic changes were observed.
Similarly, no significant adverse effects were reported in:

o) a two-year feeding study with rats;
o) a two-year feeding study with dogs; or

o) a reproductive study with rats at dietary
levels of 30, 100, and 300 ppm.

Various other tests have been conducted. Bacterial tests wnich
can detect mutagenic potential were submitted to EPA by Monsanto.
According to EPA, these tests were negative (Federal Register,
1881b). Skin tests using rabbits resulted in glyphosate being
classified as slightly irritating. Tests conducted on the
ROUNDUP formulation indicated this product to be an irritant. An
EPA worker-illness investigation identified 109 cases of skin or
eye irritation attributed to worker exposure to the ROUNDUP spray
solution (EPA, 1980). EPA has established an fcceptable Daily
Intake (ADI) for glyphosate of 0.10 milligrams per kilogram body
weight per day (Federal Register, 1982b).

The above-cited data indicate that glyphosate poses a low
toxicity hazard to human health. Skin and eye irritation were
the only observed effects produced at low dosages. Despite the
apparent low risk, however, concerns have been raised regarding
glyphosate safety. These are discussed further in this chapter.
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Tab1

e

3.1

TOXICITY DATA FOR ALYPHOSATE ACID

Species Type of Test Exposure Level*® Resnonse
Rabbit Acute oral 3.8 g/kqg-bw LD50**
Rabbit Teratology 30 mg/kg-bw Negative*+¥*
Rabbit Teratology 350 mg/kg-bw Negative
Rabbit Fetotoxicity 175 mg/kg-bw NOEL %=
Rabbit Acute dermal >5 g/kg-bw LD50
Rabbit Eye irritation Not available S1light irritation
Rabbit Dermal irritation Not available Slight irritation
Rat Acute oral >5 g/ka-bw LD50
Rat 90-day feeding 2000 ppm NOEL
Rat 3 generation 100 ppm NOEL
Rat 2-year feeding 31 mg/kg-bw NOEL
Rat Teratolony 3.5 g/kg-bw NOEL
Rat Fetotoxicity 1 g/k3-bw NOEL
Do 90-day feeding 2000 ppm NOEL
Dog 2-year feeding 300 opm NOEL
Mouse 18-month feeding 300 ppm Negative
(carcinogenicity)
“ouse Dominant lethal 2000 mg/kg-bw Negative
Hen Neurotoxicity 7.5 mag/kg Negative
Bacillus Rec-assay 2,000 ug/test No mutagenic
SubDt111% (mutagenicity) disk response
Salmonella Mutagenicity Not stated Negative
References: Federal Reqister; Vol. 46, No. 175. September 10, 1991,
pp. 45162-45163; Vol. 47, No. 208. October 27, 1932,
pp. 47549-47550; Vol. 47, No. 241. December 15, 1982, pp. 56136-7;
Vol. 48, No. 247. December 22, 1983 p. 56581 (Serdy,1983).
* Exposure levels to test species are reported as either grams (g) or milligrams (mg)

of toxicant per kilogram (kg) of animal body weight (bw) (g/kg-bw), or as dose in
feed (parts per million of toxicant, ppm), or as micrograms (ug) of toxicant per
test disk (ug/test disk). (Walters, 1984)

*% LD50 s defined as the amount of toxicant calculated to be a lethal dose for
50 percent of the test population.

**+%  Negative response means that the specified toxic effect (birth defects, fetal toxi-

city, reproductive anomally) were not observed at the listed dose of toxicant.

**k%* NOEL 1s defined as the dose at which no effect was observed.
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I.B.T. Laboratories Data

Many of the studies performed by Industriai Biotest Laboratcries,
Inc. (IBT), on contract to pesticide producers, were found to be
invalid (DFA, 1984). Consequently, data from these tests could
be subject to challenge.

In 1977, when the first concerns were expressed about IBT,
Monsanto contracted with other laboratories to repeat the major
toxicology studies, i.e., chronic rat, chronic mouse, rat
reproduction, and teratology studies required by EPA. Most of
these studies were started in 1978; to date, all but the mouse
carcinogenicity study have been completed and accepted by EPA.
This mouse study was submitted to EPA in August 1983 but has not
yet been accepted (Walters, 1984). According to Pesticide &
Toxic Chemical News, June 15, 1983, acceptance of the mouse
chronic feeding studies for glyphosate awaits resolution of the
issue concerning the significance of statistically grouping
benign and malignant tumors to determine the carcinogenic
potential. A subchronic dog study was recently declared invalid
by EPA; a replacement study is now underway with a scheduled
completion date of October 1985 (Serdy, 1984).

N-nitrosoglyphosate (NNG)

Many N-nitrosomines are considered to be carcinogenic (Rose,
1982). Glyphosate can, under certain conditions, react with
nitrate to form N-nitrosoglyphosate (Appendix 4). Concern has
been expressed regarding the possibility of this chemical being
formed in significant concentrations (Merrel, 1980). Monsanto
discovered and subsequently reported to EPA that the ROUNDUP
formulation contained the impurity N-nitrosoglyphosate at levels
ranging from 0.2 to 0.4 ppm. This was reported in the

December 5, 1978 Federal Register. Monsanto now reports that the
level has been reduced to as low as 0.075 ppm (Serdy, 1983).

No evidence exists that N-nitrosoglyphosate is carcinogenic. The
normal use conditions do not favor its formation or persistence
(Appendix 4). A DFA toxicologist concluded: "Another submitted
report concerns the very detailed toxicity testing and residue
analysis on N-nitrosoglyphosate (NNG), a manufacturing impurity
in the glyphosate formulation which occurs at less than the 0.4
ppm level. An extensive testing program consisted of the studies
on NNG in crop residues and plant metabclism, worker exposure,
and a wide variety of toxicology studies ranging from acute to
chronie/oncogenicity studies. The results of these studies
indicated that (1) in 12 plant metabolism studies on 22 different
ecrops, no measurable amount of NNG was found; (2) analysis of
innalation and dermal exposure to workers in a typical field

. Wworking situation did not give rise to detectable levels of NNG;
and (3) NNG has a low order of acute toxicity, it is not
mutagenic, teratogenic, or carcinogenic in the rat (a two-year
mouse study has just been completed). NNG does not cause any

aaverse reproaductive effects, and is readily excreted by the rat"
(Wang, 1983).

12



Based upon the negative results in toxicological tests, the
reportedly low concentrations in the formulated products, and the
unlikelihcod of formation in the environment after use, NNG does
not appear to be a water quality problem.

Rabbit Dermal Study

The dermal and testicular effects produced by the 2i1-day exposure
to the formulated product were summarized by Sandquist (1979) in
the USFS summary of Monsanto test data. A DFA toxicologist has
reviewed the Monsanto test data at the request of SWRCB staff and
provided the following evaluation: "I reviewed the data but
coula not iocate any 21-day subacute dermal study with the
formulated (emphasis added) product. However, data was submitted
on a 21-day dermal toxicity study in rabbits treated with
glyphosate (technical), in which certain "testicular effects"
were observed. In the study, testes of rabbits in both the
control and test groups showed trace to mild degeneration of
seminiferous tubules. This effect could well be attributable to
nonspecific stress caused by treatment procedures (e,g., body
constraint, hair shaving, skin abrasion, etc.) rather than from
any specific effect of the treatment compound. There have been
reports of testicular damage in rabbits resulting from simple
chemical cutaneous irritation or physical stress" (Liao, 1982).
Monsantc indicates that 21-day subacute studies have been
performed with the formulated product. At the time this report
was written, State Board staff had not received this information.
Because mild testicular effects were observed in both control and
test group animals, no firm conclusions can be drawn. In order
to ailay concerns regarding the data in these tests, the
Department of Health Services should review the Monsanto studies
of botn formulated and technical glyphosate with rabbits and
issue a statement on the public health significance of the
results, particularly the desirability of repeating the tests
with another species or with greater attention to treatment
procedures to minimize degenerative effects in the control group.

Nigerian Studies

Studies performed by a group of researchers at the University of
Iban, Nigeria, indicated that when glyphosate was injected
intraperitoneally, the acute LC50 to rats was 235 mg/kg. These
results are consistent with many toxicological studies which find
that the route of administration influences the toxicity. Direct
injection into the body cavity is usually more toxic than oral
administration for a variety of materials. The acute oral LD50
to rats was an order of magnitude higher (4,704 mg/kg). Tissue
studies by the Nigerian researchers (Olorunsogo et al., 1978) led
them to conclude that "uncoupling of mitrochondrial oxidative
phesphorylation may be a major lesion in glyphosate
intoxication." This statement has been subject to various
interpretations. 1In the context of the Nigerian study, the term
"lesion" does not mean tumor. A more appropriate word would be
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teffect”. While the study identifies a biochemical response of
poisoning and the dose required to produce injury, it does not
provide any evidence of carcinogencity.

Monsanto notes that the toxicological data in support of
glyphosate registration have been reviewed by toxicologists with
DFA, EPA, Health Protection Branch Canada, and other countries
around the world. Subsequent to dissemination of the May 1984
draft of this report for scientific peer review, Monsanto
provided to State Board staff statements by Drs. Peter Kurtz
(DFA) and Frank Dost (Oregon State University) for inclusion in
the report (Serdy, 1984).

In a four-page affidavit, Dr. Kurtz summarized his conclusions on
glyphosate and ROUNDUP based upon his review of the registration

data on file at DFA. Dr. Kurtz (1983) concludes that with regard
to human health effects:

1. "The toxic hazards associated with glyphosate are limited....

2. "Short-term (acute) contact with glyphosate on the skin or in
the eyes can result in significant irritation....

3. "Glyphosate fed to animals in relatively large doses has a
very low potency compared with other chemicals used in Pest
Management....

4. "(Glyphosate is not associated with lcng-term irreversivle
health effects such as cancer, birth defects, or cell
mutations.

5. While in-depth review of all 1I.B.T. replacement studies has
not been completed, preliminary evaluation indicates no new
findings relative to toxicity. Previous impressions
regarding cancer, birth defects, and cell mutations for
glypniosate have been verified.

In a nine-page affidavit, Dr. Dost (1983) summarized his
conclusions regarding the human health effect of glyphosate as
foilows:

1. (With regard to tests for genetic mutation) "while
glyphosate has not been subjected to every one of the great.
variety of such tests, it has been examined in several, with
negative results, except for a study repoerting increased
sister chromatid exchanges. This latter work is of
questionable utility.

2. "Glyphosate shows none of the biochemical characteristics ...

suggesting or accompanying the kinds of interaction that lead
to carcinogens.
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"Allegations have been made that dermal treatment of rabbits
with ROUNDUP formulation result in testicular atrophy. The
hign mortality and high incidence of testicular pathology in
both treated and untreated groups indicates strongly that
factors other than the herbicide formulation were responsibie
for the effect." The Nigerian research (Olorunsogo, 1978)
does not imply any unusual toxic properties in intact
animals. Thne formation of N-nitrosoglyphosate (NNG) in any
general agricultural or forestry context is not significant.

Aquatic Toxicoliogy

Acute Toxicity

Glyplhosate, the active ingredient of ROUNDUP, has a low toxicity
to aquatic organisms according to Monsanto research data

(Table 3.2). In other tests, acute toxicities were reported by
Folmar et al. (1979) to range from 55 ppm for midge larvae

(48-hr EC50) to as high as 140 ppm for rainbow trout and bluegili
(96-hr EC50). The toxicity of the formulated product (ROUNDUP)
is considerably higher because it contains the surfactants

(MON 0818) among the "inert" ingredients.

Table 3.2

RESULTS OF ACUTE (48-hr and 96-hr LC50)
AQUATIC TOXICITY TEST CONDUCTED BY MONSANTO

(Serdy, 1983)1/

TIME ORGANISM LC50
PERIOD COMMON VALUES
CHEMICAL (hr) NAME (mg/1)
ISOPRUPYLAMINE Yo Bluegill sunfish >1000
SALT OF GLYPHOSATE 96 Trout >1000
90 Carp >10,000
GLYPHOSATE ACID 36 Bluegill sunfish 120
go Trout 86
96 Carp 115
gu Daphnia T80
yg Atlantic oyster >10
96 Shrimp 281
96 Fiddler crab 934
96 Harlequin fish 168

1/

Additional information on species identification; life
nistory stages of organisms, test conditions, and confidence
limits of LC50 values will be in a subsequent report after
rejeuse by registrant.
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The surfactant MON 0818 is a cationic polyethoxylated tallow
amine (Sprankle et al., 1978). The acute toxicity of the
surfactant is 7 to 97 times higher than technical grade
glyphosate, depending on the particular species of fish exposed
and the duration of the exposure (Folmar et al., 1979).

Surfactants (surface active agents) are added to pesticide
formulations in order to increase solubility and penetration of
the spray solution into the target organism. These chemicals are
classified as nonionic, anionie, or cationie. MON 0818 is
cationic; Ortho X-77 is nonionic. Little information is
avallable concerning the toxicity of surfactants to aquatic
organisms. Maki (197Y) found that longer cnain surfactants were
more acutely toxic to Daphnia and the fathead minnow than shorter
chain surfactants (Taples 3.3 and 3.4). Nonionic surfactants
were more toxic than anionic in tests with Daphnia exposed to
both nonionic and anionic compounds; fathead minnow (Pimeghales
Eromelas) reproduction was not impaired.

Since information concerning the identity, the chain length, and

the physical/chemical characteristics of Ortho X-77 and MON 0818

was not availabie to State Board staff, the specific responses of
these surfactants compared to the values cited in Tables 3.3 and

3.4 are not known.

Florence and Gilian (1975) discuss the pharmacological properties
of nonionic surfactants that are responsible for producing high
ayuatic toxicity. Surface-active reagents increase the rate of
adsorption across gill membranes. Goldfish (Carassius auratus)
exposed to certain nonicnic surfactants absorb drugs more rapidly
leading to a greater intoxification. Increased absorption is
promoted because the surfactant penetrates and increases the
permeability of epithelial membranes. Another toxic effect of
surfactants is structural damage to skin and gill tissues.
Membrane alterations disturb both the osmotic and ionic balance
of cell systems, leading to osmoregulatory and metabolic
disorders. In tests by Folmar et al., the toxicity of the
surfactant alone (without glyphosate) is nearly equivalent to
that of the formulated product ROUNDUP. This suggests that the
surfactant is the primary toxic agent. The acute aquatic toxic
effect of either ROUNDUP, glyphosate, or the surfactant is
relatively rapid. Exposure beyond 24 hours (up to 96 hours) did
not significantly increase mortality (Table 3.5). Folmar's
studies further showed that (1) water temperature influenced the
toxicity of ROUNDUP to both the bluegill and the rainbow trout,
and (2) maximum acute toxicity of ROUNDUP to rainbow trout and
bluegills occurred at pH 7.5 and above.
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Table 3.3

COMPARISON OF CHRONIC TOXICITY VALUES (NOEL) FOR DAPHNIA MAGNA
AND FATHEAD MINNOWS FOR ANTONIC AND NONIONIC SURFACTANTS
(Adapted from Maki, 1979)

1 2
TEST MATERIALY NOEL VALUES (ug/l)—/
Daphnia Fathead Minnows

Anionic Surfactants

. *

Lll.R LAS 1,180 900

* %k

C13 LAS 570 150

Alkyl ethoxylate sulfate 270 100
Nonionic Surfactants

- *

C12 C13 alkyl ethoxylate 240 320

CM—C15 alkyl ethoxylate** 240 180

Amine Oxide 700 500

1/ * Shorter chain; ** Longer chain

2/ NOEL = No observed effect level, based on 2l1-day chronic
toxicity tests.
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CONCENTRATIONS

SURVIVAL, GROWTH,
UNDER CONTINUOUS-FLOW TESTING CONDITIONS

Table

3.4

(mg/1) OF FOUR SURFACTANTS THAT AFFECT THE
AND REPRCDUCTION OF DAPHNIA MAGNA

{Adapted from Maki, 1979)

Reproductive inhibition ECS0 {mg/1)

Percentage
of days
% 96-h 21-d Total young Average reproduction
Surfactant— LC50 LC50 production brood size occurred
Anionic
*
C11.8 LAS 3.94 1.67 1.50 2.30 2.31
C13 LAS ** 2.19 1.17 1.11 1.41 1.29
Nonionic
ClZ—Cl3 alkyl 1.14 0.93 0.46 0.47 0.70
ethoxylate*
CM-Cl alkyl 0.43 0.37 0.28 0.29 0.33
ethoxylate*#

1/ *= shorter chain;

* %=

Longer chain.
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Fish Embryo and Larval Effects

Species-specific information concerning the developmental biology
of aquatic biota should be used to determine appropriate testing
witn toxic chemicals in order to protect the most vuinerable life
stages. The LC50 of ROUNDUP to early 1ife stages of rainbow
trout ranges rrom 1.3 mg/l to 46 mg/l (Table 3.6). The egy
stages (embryonic period) are most tolerant, while the stages
following hatching and first feeding are most sensitive (Folmar
et al., 1979). During the embryonic phase of development,
embryos are surrounded by a hardened protective coating, the
chorion, which acts as a partial barrier against the movement of
compounds into the egg. Trout and catfish embryos hatch out of
the chorion, with a large abdominal yolk sac completely enmeshed
by an extensive network of blood vessels, the perivitelline blood
supply. This abdominal surface can easily absorb poliutants. It
is during this period of development that several organ systems
develop, including the liver (QO'Connelli, 19d1), which is the

ma jor organ for detoxification of teleostian fish and is usually
not functional until the initiation of feeding. The later stage
aitevins (fry) have lost the yolk sac, possess a fully functional
liver, and, at different life stages, are protected Dy scales and
multi-layered skin.

A comparison of 9b-hour LC50 ROUNDUP concentrations affecting
adult and immature fish species indicate that rainbow trout
fingerlings are 6.4 times more sensitive; channel catfish fry are
approximately 4 times more sensitive than the adults. Analogous
data with RODEO spray solution (including ORTHO X-77) are needed
to determine which aquatic species and life stages are most sen-
sitive to this formation.

Assessment of potential toxicity to agquatic life must consider
thhe response of immature life stages and not only the data
derivea from tests with less sensitive adults, since the success
of the population will be limited by the success of the early
lire history stages. Assessment of aguatic toxicity must also
consider the length and frequency of exposure (continuous or
intermittent). In order to complete such an assessment,
California monitoring data during routine applications of both
ROUNDUP and RODEOQO spray solutions are needed.
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Table 3.6

EMBRYO-LARVAL TOXICITY OF ROUNDUP TO
RAINBOW TROUT AND CHANNEL CATFISH

( Folmar etal., 1979)

1
ORGANISMS STAGE~/

Rainbow trout
{Salmo gairdneri)

Eyed egg
(embryo)

Yolk sac fry
(eleuthr yoembryo)

Swim-up fry
(first-feeding

eleuthryoembryo)

Fingerling (1.0 g)
(early alevin/juvenile)

Fingerling (2.0 q)

(alevin/juvenile)
Channel catfish
(Ictalurus punctatus)

Eyed eggq

(embryo)

Yolk sac fry
(eleuthr yoembryo)

Swim-up fry
{first-feeding
eleuthryoembryo)

Fingerling (2.2 g)
(juvenile)

LC50 (mg/1)

24-hour 96-hour

46 16
11 3.4
2.4 2.4
2.2 1.3
8.3 8.3

43 -
4.3 4.3
3.7 3.3

13 13

1/

Terminology in parentheses is according to Balon (1975).
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CHAPTER 4. WATER QUALITY CRITERIA AND GUIDELINES

Application of herbicides in or near water courses may result in
tLeir residues being discharged into the water. These residues
should be kept to the lowest practical limits to assure the
puvlic that the peneficial uses of water are protected.
Numerical limits for domestic water supply and aquatic habitat
are desirable to protect water quality and to interpret the
biological significance of detected residues.

The SWRCB Pesticide Guidance Document (SWRCB, 198%2) indicates
that, in collaboration with the regional boards, water quality
limits wiil be set for pesticides of statewide significance,.
Specific regional water quality limits may be developed if local
concitions warrant. Water quality 1limits, coupled with good
monitoring data, can be used by agencies to determine the health
o an aquatic habitat and the need for regulatory measures. They
can also be of value in determining the effectiveness of existing
matagement practices and mitigation measures.

Domestic Water Supply Guideline

EPA's recommended limit for glyphosate in drinking water

(4,00 ppb) is included in the total acceptable daiiy intvake (ADI)
for this herbicide of 0.10 miliigrams/kilogram/day. The ADI is
based upon the most recent three-generation reproduction study
(NOEL=10 mg/kg/day) and includes a 100-fold safety factor
(Federal Register, 1982p). For a 60 kg person drinking two
liters of water a day, the ADI would be reached with a
concentration of 5.0 mg/l. Total daily intake includes food-
borne residues as well as drinking water. EPA proposed a potable
water 1imit of 0.5 ppm (mg/1l). In the absence of information
indicating a high potential for chronic human health effects from
tnis cnemical, tne 100-fold safety factor appears appropriately
protective. Staff, therefore, supports adopting the EPA
recommended limit (0.5 ppm glyphosate) by the California
Department of Health Services.

Aquatic Habitat Guideline

As inaicated in previous chapters, the toxic effects of the
surfactants should not be ignored. The ROUNDUP formulation
contains a surfactant (MON 0818); the exact amount is considered
a trade secret. The RODEQO formulation does not initially contain
a surfactant. The registrant recommends that the user add a
surfactant (e.g., Ortho X-77) prior to application. A
comprehensive assessment of water quality impacts would require
comparisons of the two formulations as a final spray solution, as
weli as a test-by-test comparison of the two surfactants.

Neither published nor unpublished data in DFA files are
sufficient to make this rigorous comparison. Ghassemi et al.
(1982) also recommended this type of comparison be performed by
inaependent researcners to allow better assessment of
environmental effects.
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Gaps in the existing data base for various rorms of aqQuatic iife
do not alliow use of EPA's comprehensive methodology (Federal
Register, 1350) to calculate water gquality criteria tor
glypnosate. A valiid comparison of surfactant (MON 0818 and ORTHO
X=77) toxicities is dirficult simce the limited tests with eacn
surfactant were run under different test conditions. Recommended
water quality guidelines to protect aquatic i1ife, therefore, must
pe derived from the limited data available. An aquatic guideline
or 0.730 ppm (mg/l) glyphosate acid is recommenced for water-—
borne residues of ROUNDUP due to the increased toxic effect of
the surfactant in tne ROUNDUP formulation. This value is based
upon the application ot a 10-fold safety factor to the

Yu-hour LCLU value of 1.3 mg/l1l HOUNDUP analyzed as glyphosate
acid. Tnis result was obtained using immature rainbow trout, the
most sensitive life stage of the most sensitive species (Folmar
et al., 197Y; Finlayson, 1983). An aquatic toxicity interim
guideline for the RODEO formulation should be derived when data
on toxicity of the recommended surfactant (Ortho X-77) to ear.iy
life stages of aquatic organisms become available.

In 1981, State board staft reviewed the avaiiable aquatic
toxicity data and found that information was not sufficient to
caiculate water quality criteria to protect aquatic life using
the November 1380 EPA methodology. This method requires
continuous~1'10Ww acute ana cphronic tests for various species and
trophic levels (Federal Register, 1980). 1In order to derive
water quality criteria using the EPA method, stuaff reqguested
Monsanto to perform the following studies:

1. Acute (9v-hour) continuous~flow toxicity tests using the
ROUNDUP formulation with rainbow trout, bluegill, and scud;
and

2. Chronic toxicity tests of three aquatic species using the
ROUNDUP formulation.

ilonsanto agreea to perform (1) the Yb-hour continuous-rfiow tests
requested, and (2) a chronic toxicity test of one species, but
useu tne glyphosate acid rather than the formulated product,
ROUNDUP.

Tne Department of Fish and Game (DFG) staff has recommended that
some chronic toxicity studies on aquatic organisms, i.e., a
Ssalmonid, a non-salmonid fish, and an invertebrate, be performed
on RODEO and its surfactants. State Board staff concurs with
tiiis recommendation. Additional toxicity tests for the more
toxic ROUNDUP formulation are also recommended. Ideally, a
comprefiensive assessment of water quality impacts would involve
agquatic toxicity biocassays and environmental fate studies of:
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1. the actual spray sclution
2. eacn active ingredient
3. each surfactant or other inert ingredient

In this way, the total impact of treatment and the relative
contribution of each constitutent in the herbicide solution
actually applied could be determined.

Since all the chronic tests needed to meet the protocol of the
EPA methoaology are not available, State Board statf concludea
that a water quality guideline could only be estimated. Complete
descriptions of Monsanto's aquatic toxicity tests are not yvet
public information and, therefore, cannot be presented in this
report. Additional chronic tests on formulated material would
airiow application of kPA's comprehensive methodology to aerive
appropriately protective water quality criteria.

Wnen aaditives (e.g., MON 0818) are the major concern, DFA
(Kurtz, 1984) has suggested establishing maximum allowable
concentrations which take into account synergistic efrects of the
additive and active ingredients. State Board staff agree with
thiis suggestion. Implementation wili require the registrant to
provide cnemical identity of these substances as well as
practical anaiytical methods for determining concentations in
water and sediment.
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CHAPTER 5. POTENTIAL MITIGATION MEASURES
AND RECOMMENDED MANAGEMENT PRACTICES

The specific time, place, and manner of a c¢hemicai'!s application
can reduce or eliminate its residues in water. The water quality
guidelines for human health and aquatic life protection that are
recommended in this report should not be exceeded if the
registrant's use practices are followed (See Appenaix 5). These
mitigation measures should be verified under California
application conditions.

Label restrictions for ROUNDUP (conifer release) include:

Do not apply:
1. When rain is likely (within six hours of application).

2. Under wind or other conditions (>5 mph) which allow
drift to occur.

3. By air:
(a) To right-of-way sites;

(b) Within 200 feet of any agricultural,
horticultural, park, golf course, homestead, or
any populated areas;

(e¢) Within 125 feet of lakes, ponds, and streams used
for significant domestic purposes or angliing
(when using more than two quarts per acre); or
within 75 feet of lakes, ponds, and streams used
for significant domestic purposes or angling
(when using two quarts or less per acre).

4. Directly to any opody of water.

5. To weed foliage to the point of runoff.

6. In areas where an adverse impact on federalily
designated endangered/threatened plant or aquatic
species is likely.

7. With improperly maintained and calibrated equipment.

8. Additionally: The user should not dispose of wastes

or clean equipment in a manner which may contaminate
water.

25



Although ROUNDUP is not presently a restricted pesticide
requiring a use permit, it is further recommended that users
consult with county agricultural commissioners, the regional
water quality control boards, and the Department of Fish and Game
for site-specific guidance and interpretation of label
requirements prior to application for silvicultural uses. For
example, a greater than 50 percent chance of rain could be used
to determine whether or not aerial application should occur.

RODEO (Aquatic Weed Control):

Because RODEO is applied directly to water, different use
restrictions are recomcended and include:

Do not apply:

1. Within 0.5 mile upstream of potable water intakes.
2. On rice levees when floodwater is present.

5. In seawater areas.

4, 1If heavy rainfall or irrigation is likely fo occur
within 2 nours after application.

Additionailiy:

5. Avoid wash-off of sprayed foliage by boat backwash.
Do not repeat within 24 hours following the initial
treatment.

6. Make app.ications to moving bodies of water while
traveling upstream to prevent concentration of the
product in water. When making any pankside
applications, do not overlap more than one foot into
open water. The maximum rate (7.5 pints per acre)
must not be exceeded in any single application. Do
not spray across open, moving bodies of watler.

7. Allow seven or more days after drawdown or in ary -
ditches before reintroduction of water. Apply the
product within one day after drawdown to ensure
application to actively growing weeds.

8. Dispose of pesticide spray mixture or rinse water that
cannot be usea according to label instructions and
applicable federal, state, or local procedures.

Triple rinse containers.

g. 1In case of spill or leak, soak up and remove Lo any
approved liandfill.
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10. rdervicide users should pay special attention to tue
quality of the water used to prepare the spray
solution. This can greatly aftrect the efricacy of the
hherbicide. For example, high concentrations of
sediment and dissolved inorganic chemicals in makeup
water can reduce herbicide efficacy. This, in turn,
could result in the need for repeated applications of
the nerbicide with increased potential for
environmental contamination (Buhler and Burnside,

1983).

As with the recommendations for silvicultural uses of ROUNDUP,
users applying RUODEO to public waters should consult witn the
appropriate county agricultural commissioner, regional water
gqualiity control board, and the Department of Fisn and Game for
site-gpecific guidance and interpretation of label requirements
prior to application of RODEO for aquatic weed control.

27






APPENDICES






Appendix 1

BETTE BOATMUN. V.P.
DONALD P. FREITAS, TREAS.

RONALD E. BUTLER
CONTRA COSTA WATER DISTRICT DANIEL L. PELLEGRIN!
1331 CONCORD AVENUE JoMM E DEVITO. GEN. MOR.

POST OFFICE BOX H20. CONCORD., CA 94524 JOHN S GREGG. MGR. OF OPER.
TELEPHONES 682-5950 OR 439-9169

waters e e

July 22, 1983

Dennis Corcoran

Toxic Substance Control Program
State Water Resources Control Board
P.O. Box 100

Sacramento, CA 95801

Dear Mr. Corcoran

As discussed during our telephone conversation yester-
day, the Water District requests your assistance in assessing
the potential for any public health effects associated with
the use of Rodeo, a herbicide, for control of water hyacinth
in waters near the intake to the Contra Costa Canal.

The Water District diverts water from Rock Slough into
the Contra Costa Canal for delivery to municipal treatment
plants throughout eastern and central Contra Costa County.
The Canal's intake structure is located at the western end of
Rock Slough, about 3-1/2 miles west of 01l1d River. Between
Ola River and the Canal intake, Rock Slough is essentially a
closea channel with no tributary inflow. Municipal water
treatment plants divert water from the Canal at points
ranging from tive to 50 miles westerly of the intake. The
residential population dependent on this source of drinking
water exceeds 300,000 persons.

We have learned that Rodeo, whose active ingredient is
glyphosate, is being used at a marina on 01l1d River at the
entiance to Rock Slough. The marina operator states that he
is currently applying the material within the marina at the
rate of a few ounces per day. However, he states that he
will use the material at locations outside his marina,
incluaing the waters of Rock Slough, if he determines that
such action is necessary.

We would appreciate your opinion on the question of
whether the use of Rodeo within Rock Slough or near its en-
tiance poses a public health risk to our municipal water
users. Information on the degree to which Rodeo may be
removed from source water during conventional sedimentation
and filtration would be useful. Finally, please give us your
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2o0f 3

Dennis Corcoran
July 22, 1983
Page 2

advice as to any appropriate response to this situation,
inciuaing any precautionary measures you think necessary.

Sincerely

o
PV VAN

Bustin W. Nelson

Chief, Water Supply Division

A¥N:da
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APPENDIX 2

GLYPHOSATE ANALYTICAL METHODOLOGY

PROBLEMS

Although several methods have been proposed for the analysis of
glyphosate and its major metabolite, aminomethyl phosphonic acid
(AMPA), none is totally adequate. Table A-2.1 summarizes some of
the methods cited in the literature. 1In general, glyphosate
analysis is tedious, requiring much cleanup and derivatization
(particularly for piological samples). For these reasons,
guantative reproducable recoveries are difficult to obtain and
therefore commercial laboratories generally do not analyze for
glyphosate. In the few glyphosate environmental fate studies
reported in the literature, analyses of the pesticide were done
by Monsanto.

According to Bronstad and Friestad (1976), the original method
from the manufacturer (Monsanto, 1974) is extremely tedious and
requires a four-step cleanup and two-step derivatization reaction
before gas-liquid chromatography. Elaborate cleanup is required
to remove salts and water completely before forming a volatile
derivative according to the method recommended by EPA (Food and
Drug Administration, 1977).

The only commercial laboratory in the U. S. which has routinely
analyzed for glyphosate is Analytical Biochem Laboratory,
Columbia, Missouri. The time required to analyze a set of ten
samples was two weeks. The analytical method used is that
proposea by Monsanto with a detection limit of 5 ppb for either
glyphosate or its major metabolite AMPA (Schofield, 1982). A
secona commercial laboratory, Analytical development Corporation
(ADC) of Monument, Colorado, had analyzed for glyphosate in the
past. Because of the complexity of the Monsanto procedure and
the uncertainty of the results, ADC gave up the analysis several
years ago (Breault, 1982). A commercial laboratory in Calirornia
(North Coast Labs, Arcata) has recently indicated that it may be
able to analyze tor glyphosate (Chaney, 1984). However, an
interlaboratory calibration study involving Monsanto would De
required to veriry the precision and accuracy of any commerciai
laboratory's analytical methodology.

Gas-liquid chromatography (GLC)

Since glyphosate is not a volatile chemical, GLC analysis
requires derivatization. Guinivan et al. (1982) formed
2-chloroethyl N-heptafluorobutyryl derivatives of glyphosate ana
AMPA tor GLC analysis of the pesticide residues in blueberry
sampies. However, McChesney (1984) was not successful in
adopting this procedure for kiwi fruit analysis. Moye and Deyrup
(19y84) developed a single-step derivatization method for the GLC
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Table A-2.1

SELECTED ANALYTICAL METHODS FOR GLYPHOSATE

lo.

11.

12.

METHOD

Gas-liquid
chromatography
{G.L.C.) (flame
photometric
detector)

G.L.C. (electron
capture detector)

G.L.C. (flame
ionization
detector)

High pressure
liquid chroma-
tography (HPLC)
(colorimetric
detector)

Polarography

Colorimetric
(phosphomolybdate
heteropoly blue
complex measured
at 830 nm)

Anino acid analysis

Thin-layer
chromatogsaphy
(TLC) /ninhydrin
{(microcrystalline
cellulose)

TLC/fluorescence

TLC/auto-
radiography

Liguid scintil-~
lation counting

Bioussay

DETECTION

MATRIX LIMIT
Soil & 2.5 ug/1
water
Plant 25 pg (Glyphosate)

75 pg (AMPA)
Soil & ug amt.

water -
Water 2.5 (ppm)
Water 35 ppb
Water 1 ppm
Water 3.4 ug
Water 0.1 ug
0.0g ug (AMPA)

Plant 10 ng (std.)
Plant N.A.
Water, N.A.
soil &
Plant
Soil 40 ppm

REMARKS

1. Requires extensive
cleanup and deriv-
atization.

2. Aminomethylphos-
phonic acid (AMPA)
can be analyzed.

l. Requires cleanup
and derivatization.

2. AMPA can be analyzed.

1. Requires cleanup and
derivatization.

2. AMPA can be analyzed.

1. For formulation and
technical samples
only. Not for
residue analysis.

2. Surfactant can be
analyzed.

l. Requires derivati-
zation.

2. AMPA cannot be
analyzed,

1. Requires hydrogen
peroxide pretreat-
ment (to oxidize
organic phosate to
orthophosphate).

2, Interferences;
non-specific.

a
1. Cysteic acid
interference.

2. AMPA can be
analyzed.

AMPA can be analyzed.

1. Derivatization on
TLC plate.

2, Interferences from
amines.

Separation and identi-
fication of metabolites.

Not applicable to field
situation.

A 40 ppm sclution caused
503 foot growth inhibi-
tion of a test plant
(grain sorjhum).

REFERENCE

‘Edwards et al.,

1980; FDA, 1977

Guinivan et al.,
1982

Rueppel et al.,
1976

Burns and Tomkins,
1979

Bronstad and
Friestad, 1976

Glass, 1981

Ekstrom and
Johansson, 1975

Ragab, 1978

Young et al.,
1977

Sprankle et al.,
1978

Hance, 1976;
Sprankle et al.,
1975a,b

Hensley et al.,
1978
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analysis of glyphosate and AMPA. Residues could only be
gquantifieu at the ug/ml solvent level using analytical
"standard". It has not been used for environmental samples
(e.g., water, soil, and biota).

High-performance liquid chromatography (HPLC)

HPLC analysis of glyphosate also requires extensive cleanup and
derivatization. The methods reported in the literature differ in
the use of the derivatization agents and cleanup steps. The
procedure of Seiber et al. (1984) for HPLC analysis of glyphosate
residues in kiwi fruit and asparagus involves cieanup of the
water extract by anion-exchange and gel permeation chromatography
prior to derivatization with trifluorocacetic anhydride followed
by diazomethane. Further cleanup of derivatized glyphosate was
achhieved with silica gel HPLC.

1t took 18 months to develop this method and one month to run

35 samples (McChesney, 1984). Other researchers (Class, 1983;
Moye et al., 1983) claim that their procedures are simpier,
faster, and more specific for HPLC analysis of glyphosate
residues. Monsanto has also developed a new HPLC method whicn is
considered confidential (Sieckert, 1984). The only direct HPLC
analysis of glyphosate (without derivatization) has been reported
for formulations and technical samples (Burns and Tompkins,
1979).

Miscellanecus

Tiie polarographic method of analysis alsc involves a
derivatization step (nitrosation of glyphosate to form N-
nitrcsoglyphosate) because glyphosate itself is not polaro-
graphically active (Bronstad and Friestad, 1976). Even the
simpiest colorimetric method of detection involves a pretreatment
step to oxidize glyphosate to orthophosphate (Glass, 1981).
Methods involving thin-layer chromatography (TLC) are gooa for
separation but not sensitive for quantification. Use of radio-
active iaveled glyphosate and its subsequent analysis by ligquid
scintillation counting is applicable only under laboratory or
greenhouse experimental condiftions for plant and animal
metabolism studies as well as s0il and water degradation studies.
Bloassay is a time-consuming nonclhiemical method of analysis whieh
is neither sensitive nor specific.
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APPENDIX 3

PHYSICAL AND CHEMICAL PROPERTIES

RUUNDUP 13 Monsanto's ovrana name rIror an nerbicide proauct

(rMON 2319) which contains 41 percent of the isopropylamine salt
or glyphosate (#ON 0138, {(Taole A-3.1). 1In addition to the
active ingredient, various "inert ingredients" inciuding a
surtfactant (MON 0818), make up the other 59 percent of the
prouuct. The Environmental Protection Agency and the Departuent
of' ¥oou anud Agricuiture have also registereu another Monsanto
prouuct caiied RODEU. Tnis rormulation contains 53.5 percent of
tiue 1sopropylamine salt of giyphosate (MON 0139) and 4bo.5 percent
inert ingredients. Tne surfactant in the ROUNDUP formulation
(Mun 0018) is aitrerent trom the one added to the RODEO
formuiation prior to application. Several "nome garden" products
containing i1ess tnan £ percent or 1sopropyiamine salt of
glyphosate are registered by the Ortho Chemical Division of
Chevron.

I'ne crnemical struclures oI glyphosate and reiated compounas are
described in Table A-3.2; physical and cnemical properties are
listeu in Table A-3.5. Monsanto, the primary manufacturer of
gliyphosate, and Cnevron, a formulator, consider public disclosure
of inert ingreudients to be a violation of traue secret rights
since Section 10, FIFRA does not require disclosure of this
inrforwation.
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Table A-3.1
COMPARISON OF ROUNDUP AND RODEO
FORMULATION OF GLYPHOSATE
(FROM PRODUCT LABELS)

ROUNDUP RODEQO
Active Ingredient:
isopropylamine salt
of glyphosate 41.0% 53.5%
"Inert" ingredients* 59.0% 46.5%
Pounds of glyphosate
acid per gallon 3.0 4.0
Pounds of isopropylamine
salt of glyphosate per gallon 4.0 5.4

*ROUNDUP contains the surfactant MON0818. RODEO does
not contain the surfactant MONO818, but the user is
required to add the surfactant Ortho X-77 prior to
application.
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Table A-3.2
CHEMICAL STRUCTURES OF GLYCINE, GLYPHOSATE,
AND ISOPROPYLAMINE (IPA) SALT OF GLYPHOSATE

0

1. HO—C—CHz—NH2

GTLYCINE (Amino acid)

9 H 0]

" L] L1
e “N=CHi . ~P=0kH
171. HO-C CH2 N Ciz F OH
OH
1 L /
Glycine Phosphonomethyl
moicty molety

GLYPHOSATE (N-phosphonomethyl glycine)

0] H O H CH

L 1 n \ 1 3

IT1. 1O-C-CH.,-N-CH,-P-0 HZN-C-H
2 2 1 T L}

OH H CHB

| It ]

Glyphosate Isopropylamine

molety moiety

IPA SALT OF GLYPHOSATE (Active ingredient
ol formulated »roduct, ROUNDUP) *

v ROUNDUP contains (III) +Surfactant (MONOS818)+Inert ingredients**

RODEO contains (III)+inert ingredients**¥

Thi~ structure is believed to be correct based on pka
volues of O groups.

* % ROUMDUP contains 4 pounds/gallon of the isopropylamine
salt of glyphosate.

* 4

RODEO contains 5.4 pounds/gallon of the isopropylamine
~alt of glyphosate.

37



PHYSICAL AND CHEMICAL PROPERTIES OF GLYPHOSATE~

Table a-3.3

i/

Chassemi et al., 1982,

38

1. Physical state, color, and odoi Solid, white, odorless
2. Molecular weight 169.1
3. Density 0.5 g/cc for pure chemical
. . o
4. Mclting point 200°C
5. DBoiling point Not determined
6. Vapor pressure Negligible
7. Solubility
o
Water 1-2% (25 ()
Other solvents None reported
. ‘tartition coefficient in 0.0017 at 20 ppm
octanol /water 0.06006 at 100 ppm
1/ Ttems 1 through 7 from Herbicide Handbook, 1979. Item 8 from



APPENDIX 4

ENVIRONMENTAL FATE

Linmited information is available to assess the fate of glyphosate
and its formulated products in the environment. The lack of
simple analytical methods has limited most investigations to
small-scale greenhouse and laboratory studies. The Oregon field
study of forestry use (Newton, 1980) and the U. S. Fish and
Wildlife study of aquatic toxicology (Folmar et al., 1979) relied
upon the manufacturer to perform the difficult and expensive
chemical analytical work.

No published information has been found to describe the
environmental fate of the ROUNDUP surfactant (MON 0818) or the
RODEO additive (ORTHO X-77). A small-scale lab study on
degradation of MON 0818 was performed. Although the study is
classified by the manufacturer as confidential, SWRCB staff
appraised it in preparing this assessment.

The three main processes controlling the environmental fate of
glyphosate are the following (Figure A4.1):

1. Mocrobial degradation;
2. Soil adsorption;
3. Plant uptake.

Other breakdown processes are considered to be less significant.
Chemical degradation is thought to occupy a minor role (Rueppel
et al., 1977; Sprankle et al., 1975a). No evidence exists for
photochemical degradation (Tortensson and Aamisaep, 1977) or
volatilization (Rueppel et al., 1977).

1. Microbial Degradation

This process is the major breakdown pathway.
Adsorption to soil can limit the rate of microbial
degradation (Moshier and Penner, 19768). No studies
were found which describe the extent to which
adsorption of glyphosate to soil or desorption from
soil influences microbial degradation. The major
metabolic pathway is to the intermediate breakdown
product aminomethyl phosphonic acid (AMPA) and,
finally, to CO, and inorganic elements (Nomura and
Hilton, 1977; Rueppel et al., 1977). Initially, there
is a rapid decomposition of available glyphosate
followed by slower breakdown of the adsorbed residues
(Sprankle et al., 1975a; Nomura and Hilton, 1977;
Rueppel et al., 1977). Factors which influence the
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rate of microbial degradation include soil moisture,
temperature, organic substrate, nutrient levels,
herbicide availability, pH, and microbial population
(Moshier and Penner, 1978). The latter three are the
most important causes of glyphosate degradation.

Soil Adsorption

Glyphosate and its major metabolite AMPA show a high
degree of binding to all soils (Sprankle et al.,
1975b). Glyphosate adsorption begins immediately
after soil application and increases slowly after one
hour. Soil pH and phosphate concentration have been
shown to affect glyphosate adsorption measured as
plant yield. The phosphonic acid segment of the
glyphosate molecule is thought to act 1like inorganic
phosphate in soil (Hance, 1976). Since inorganic
phosphate can exclude glyphosate from soil sorption
sites, glyphosate adsorption can be directly related
to the inorganic phosphate sorption capacity of a
soil. The binding of glyphosate to clay has been
related to the presence of available iron and aluminum
(Sprankle et al., 1975b). Clay adsorption has been
shown to occur with minerals such as kaolinite,
illite, and bentonite. This type of adsorption
depends upon the soil pH. As the soil becomes more
acidic (decreases in pH), more adsorption sites become
available. The pH of the soil will also affect the
charge on the glyphosate molecule itself. This lends
further support to the theory that glyphosate binds in
a manner similar to inorganic phosphate in the pH
range typical of many California soils (pH 5 to 8).

The half-life of glyphosate in soil was reported to
range from two weeks in forest soils (Newton, 1980) to
19 weeks in "sandy" soils (Ghassemi et al., 1981).
Ghassemi et al. (1982) reported that the registrant
(Monsanto) has conducted soil column leaching studies
with glyphosate which indicate little potential for
leaching. As this study is classified "confidential™,
no discussion 6f the experimental conditions is
possible,

Chelation may also play a role in.glyphosate
inactivation. The chelated form of glyphosate may not
be available for microbial breakdown. Bioassay
studies have shown a significant correlation between
glyphosate inactivatiom and the concentrations of FCl3
and A1Cl, (Hensley et al., 1978) and soil anion
capacity~”{Hance, 1976). Development of a FeCl
precipitate with glyphosate has been observed éith the
precipitate formation being directly proportional to
the FeCl, concentration (Hensley et al., 1978).
Studies éy Moshier and Penner (1978) show a reduction
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in micrggial degradation in the presence of the ferric
ion (Fe”~) but not ferrous oxide (Fe.0.). Aluminum
has been shown to react in a manner giéilar to iron.

To further support these observations, the scils
described below have shown very limited glyphosate
degradation.

Related Phosphate Rate of
Soil ph % 0.M. Factors kg/ha Degragation
Norfoik 4.4 1.2 52 ppn Fe 72 3% Cco
Loamy "High" Al in 32 dgys
Sand (Moshier, 1978)
Toledo 3.8 7.4 71.7% Clay 15 13% co
in 28 dgys

(Spankle et
al., 1975b)

These acid (low pH) soils with elevated iron and
aluminum or clay would be expected to bind strongly to
glyphosate and, thereby, slow the rate of microbial
degradation. California soils, however, are generally

" less acidic, lower in soluble iron and aituminum, and
contain lower levels of organic matter. Therefore,
microbial degradation should occur more rapidly here
than in other soil types.

3. Plant Uptake

This process can play a significant role in the
dissipation and transformation of glyphosate. Some of
the major factors which influence the rate of plant
absorption include: herbicide formulation, method of
application, weather, soil type, plant species, and
size of plant canopy.

Direct application of glyphosate to plants results in
effective weed control. The basic route of uptake is
thought to be through foliage (Jaworski, 1972),
although absorption through the roots may also take
place depending upon soil type (Sprankle et al.,
1975a). Absorption is followed by glyphosate
translocation to all parts of the plant (Herbicide
Handbook, 1979). Studies of glyphosate plant
metabolism show no detectable metabolites (Gottrup et
al., 1976; Wyrill and Burnside, 1976). This suggests
that the glyphosate acid .is not changed once inside
the plant until the tissues decay and undergo
microbial degradation.
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Surfactants can cause a significant increase in foliar
absorption of glyphosate under humid ¢onditions
(Gottrup et al., 1976). In the presence of the
surfactant, absorption increased from 17 percent under
conditions of relatively low humidity to 85 percent
with high humidity. These experiments were conducted
in a greenhouse using Canadian thistle (Cirsium
arverse) and leafy spurge (Euphorbia esula). Not all
weeds are equallly affected, however. Tests on common
milkweed (Ascelpias syriaca) and hemp dogbane
(Apocynum cannabium) did not show a significant
increase in foliar diffusion when a surfactant was
used (Wyrill and Burnside, 1976)

Nitrosation

Production of N-nitrosamine has been found to occur in soils as a
result of the interaction of nitrite with agricultural chemicals
(Kahn and Young, 1977). The formulated products of glyphosate
can contain low levels of N-nitrosoglyphosate. Although
treatment of soil with large amounts of sodium nitrite and
glyphosate could form N-nitrosoglyphosate (Khan and Young, 1977),
this reaction would not be expected under normal field conditions
(Khan and Young, 1977; Young and Khan, 1978).

The concentration of glyphosate required for the formation of N-
nitrosoglyphosate was high (740 ppm acid equivalent). At the
recommended use rate (3.75 lbs glyphosate/acre), the calculated
soil concentration of glyphosate would be less than 2 ppm. (The
weight of one acre of soil to a six-inch depth is 2 million
pounds (Bohn et al., 1979). At the normally low levels of
glyphosate and nitrite (2 ppm) present in soili, the formation of
nitrosoglyphosate was not observed (Khan and Young, 1977). Both
EPA and DFA do not consider N-nitrosoglyphosate to be
carcinogenic or persistent (Federal Register, 1978; Wang, 1983).

- Summary

Glyphosate strongly adsorbs to soil and sediment. Microbial
degradation appears to be the major route of breakdown. The
average half-life in soil is about two months (Ghassemi et al.,
1981; Hance, 1976). Little information is available concerning
the nalf-life in surface waters. It is, however, expected to be
less in water than in soils due to the removal of water-borne
residues by adsorption to suspended substances and sediments and
their subsequent benthic deposition (Ghassemi et al., 1981 Comes,
et al., 1976). The formation of N-nitrosoglyphosate does not
appear to be probable as a result of normal application
practices.
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For broad-spectrum control of emarged weeds.
Compiete Drrections for Use in Aquatic Sites.

tPA Reg. NO. 524.343

AVOIL} CONTACT WITH FLUAGE. GREEN STEMS OR
PRIVT OF CROFS Df SIRABLE PLANTS AND TREES.
SINCE SEVERE INJUKY OR DESTRUTTION MAY
Ryl

" FODED 15 2 regitered trademark of Monsanto
Lormpany

ters ) : #42 38.000.03/ 53

Rodeo® herbicide 1 protected by LS. Pat No
1748758 and US Pat No 4405535

!n case of an emergercy involving this product,
Cali Collect, day or night, (314) 594 4000,

‘MON-ANTO COMPANY 984

AL AN S
, MONSANTO COMPANY  ~ ., _
IMM{,W AGRICULTURAL PRODUCTS
A ST LOUIS MISSOURY, 53167 U.SA

&

Pead the ertire fabel.
Lise onty according to label instructions.
NOT FCR REFORMULATION OR REPACKAGING

Read "LIMIT OF WARRANTY AND LIABILITY" before
buying or using.
If terms are not acceptable, return at once unopened.

LIMIT OF WARRANTY AND LIABILITY
This company wartanis that this product confoms o
the chemical descerpfean on the jabel and 1s
reasonably fit tor the purpeses set forth in the Com-
piete Durections for Use label booklet (“Directions™)
when used in accordance with those Directions under
the conditions described therein. NG OTHER EXPRESS
OR IMPLIED WARRANTY OF FITNESS FOR PAR.
TICULAR PURPGSE OR MERCHANTABILITY IS MADE
This warianty 1s also subject to the conditions and
hmitations stated herein.

Buyer and all users shalt promptly notify this company
of any claims whether based in contract. negligence,
stuet hability, other tort or otherwise,

Buyer and a!f users are responsible for all loss or
damage from use or handling which results from con-
ditions beyond the contro! of this company, including
but not imted to incompatibility with products other
than those set forth in the Directions, apphcation to o
rontact with desirable vegetation, unusual weather (i
weather congitions which are putside the tange con-
sidered normal at the apphcation site and for the time
period when the sroduct 1 apphed with the normal
range betng determined on the basis of the average
range for the prior 40 years computed from the best
available information and n, weather pents sncluding
but not hmited to hurricanes, tornadoes and toods) as
weil as weather considerations set forth in the Direc.
tiony, apphication in any manner not explicitly set
forth sn the Directions, moisture conditions outside
the maisture range specified in the Dwections, or the
presence of products other than those set forth in the
Directions in or on the soil. crop or treated vegetation.

THE EXCLUSIVE REMEDY OF THE USER OR BUYER.
AND THE LIMIT OF THE LIABILITY OF THIS COMPANY
OR ANY OTHER SELLER FOR ANY AND ALL LOSSES
INJURIES OR DAMAGES RESULTING FROM THE USE
OR HANDLING OF THIS PRODUCT (INCLUDING
CLAIMS BASED IN CONTRACT. REGLIGENCE. STRICY
LIABILITY, OTHER TORT OR OTHERWISE) SHALL BE
THE PURCHASE PRICE PAID BY THE USER OR BUYER
FOR THE QUANTITY OF THIS PRODUCT INVOLVED, R,
AT THE ELECTION OF THIS COMPANY OR ANY OTHER
SFLLER THE REPLACEMENT OF SUCH QUANTITY OR,
IF NOT ACQUIRED BY PURCHASE. REPLACEMENT OFf
SUCH QUANTITY. IN NO EVENT SHALL THIiS COMPANY
OR ANY OTHER SELLER BE LIABLE FOR ANY IN
CIDENTAL OR CONSEQUENTIAL DAMAGES

The buyer and all users are deemed to have accepted
the terms of this LIMIT OF WARRANTY AND LIABILITY
which may not be varied by any verbal or wiitten
agreement

@

PRECAUTIONARY STATEMENTS
Hazards to Humans and Domestic Animals
Keep out of reach of children.

CAUTION!

MAY CAUSE EYE IRRITATION.

Avoid contact with eyes, skin or clothing.

FIRST AID: IF IN EYES, fiush with plenty of water for
for at least 15 minutes. Cail a physician

IF O SKIN, fiush with water. Wash clothing before
reuse,

Physical or Chemical Hazards

Solut:ons of this priduct should be mmed. stored and
applied only in stainiess steel, aluminym, f:besglass,
plastic and plastic-lined steel containers.

DO NOT MIX. STORE OR APPLY THIS PRODUCT OR
SPRAY SOLUTIONS OF THIS PRODUCT N GALVAN-
1ZED STEEL OR UNUINED STEEL (EXCEPT STAINLESS
STEEL) CONTAINERS OR SPRAY TANKS This praduct
or spray solutions of this product react with such con-
taners and tanks to produte hydrogen gas which may
form 2 highly combustible gas mixture This gas mux-
ture could flash or explode, causing serous perscnal
injury, if 1gnited by open flame. spark, weigers torch,
highted cigarette or other ignition source.

Environmenta! Hazards

Do not contaminate water by disposal of waste or
cleaning of equipment.

In case of
SPILL or LEAK, soak up anc remove to a landgtill

Storage and Disposal

STORE ABOVE 10°F. (=12°C) T0 KEEP FROM
CRYSTALIZING. Crystals will settie to the bottom |
allowed to crystahze. place in 3 warm room 68°F.
(20°C) for several days to redissolve and mix well
before using

Avoid contamination of seed, feed and foodstuffs.
This product. spray mixture or rinsate, that cannot be
used or chemically reprocessed, should be disposed ot

according to apphicable federal, state or local pro-
cedures.

Tupie rinse contamer, then dispose of in 2 santary
landfill, or by inCineration f allowed by state and loca!
authonties Do not.reuse container

Consulit federal. state or local disposal autiwnties for
approved alternative procedures

ACTIVE INGREDIENT:

*isopropylamine salt of glyphosate . ... ... 53.5%
INERT INGREDIENTS . ... ..., ... ... 46.5%
100.0%

Contains 648 grams per litre or 5.4 pounds of the ac-
tive ingredient isopropylamine salt of N-(phosphono-
methyl) glycine per U.S. gallon.. Equivalent to 480
grams per hitre or 4 pounds per U.S. gallon of the acid
glyphosate
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AVOID URIFT EXTRE
APPLYNG Tris PROCK
DESIRABLE PLANTS

Do gt zilow the hert
or splash onto desirab
tities of this product

Use the recommended rates of this product and sur-
factant in 3 to 20 gatlons of water per acre as a broad-
cast spray. See the “Weeds Controlled” section of this
fabel for specific rates. Aerial apphications of this prod-
uct may only be made as specifically recommended on
thes abel.

AYOID DRIFT — DO NOT APPLY DURING INVERSION
CONDITIONS, WHEN WINDS ARE GUSTY, OR UNDER
ANY OTHER CONDITION WHICH WiLL ALLOW DRIFT
DRIFT MAY CAUSE DAMAGE TO ANY VEGETATION
COMTACTED TO WHICH TREATMENT IS NOT INTEND-
ED. TO PREVENT INJURY TO ADJACENT DESIRABLE
VEGETATION, APPROPRIATE BUFFER 20NES MUSY
BE MAINTAINED. ;

Coarse sprays are less hkely to dnift, therefore, do not
use nazzles ot noxzie configurations which thspense
spray as hine spray droplets. Do not angle nozzies for
ward into the awstteam and do nol increase spray
volume by increasing nozzie pressure.

Drift control additives may be used. When a drift con-
trot additive 15 used. read and carefully observe the
cavtionary stalements and all other information
appeanng on the additive label.

Ensure umform apphcation — To avoid streaked.
uneven of overlappec zpphcation. use appropriate
marking devices.

Theroughly wash aircraft, especially landing gear. afrer
each day of spraying to remove resigues of this produc:
accumulated during spraying or fram spilis
PROLONGED EXPOSURE OF THIS PRODUCT T UN-
COATED STEEL SURFACES MAY RESULT IN CORRO-
SION AND POSSIBLE FAILURE OF THE PART.
LANDING GEAR ARE MOST SUSCEPTIBLE. The main-
tenance of an organic coating (Paint) which meets
aerospace specification MIL-C-38413 may preven:
corrosion.

= BOOM EQUIPMENT |

For control o! weed o brush species listed on this
label using conventional boom equipment - Use the
recommended rates of this product and surfactant in 3
10 20 gallons of water per acre as 3 broadcast spray
See the “Weeds Controlled” section of this label for
specific rates As deasity of weeds increases, spray
volume should be increased within the recommenoed
range to msure complete coverage Carefully select cor-
rect nozzle to avoid spraying a fine mist, For best
1e5ults with graund application equipment. use fat
fan nozzies. Check for even distribution of spray
dioplets

B HAND-HELDand HIGH-VOLUME I
EQUIPMENT
‘Use cparse sprays only
For cantrol of weeds listad on this labal wsing knap-
sack spayers or high wolume spraying apmipmant
ulilizing handguns er ether switable lnmumur
medts — Prepare s % to 1% percent mmmblthus
product in water, add surfactant and applﬂohhqe of
vegetation to be controlled. For specific utes;pi W
plication and iiuctions for control of varigus Bnnual

and perennial weeds. nethe mw_

section of this dabel. -
Apah:amns shovkd-be-made pa aspny !o-wet«ﬂas»s
Spny coverage should be umbrm a0t mmphte Do
nat $piaysto point of runoff: ..
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Prepare the detired volume oi spray solution by muksng
the amoun! of the product i wiles shown e e
following tabie

Spray suiution

DESIRED AMOUNT OF RODEC™
VOLUME 3 1% Ta% 1h%

1 gaton Vo oz 1mor 2o
25 gallons 12 gt lagt 3ot
100 gztiors Jagr Tgal Mg [agel

2 1ablespoons = | ounce

For use 10 knapsach sprayers, of s Luggeste d that
recommended ameunt of ths provurt ba nused win
water in s fzrger container Fill sprayer with the mucd
suioton atid acd the contect amount of surfactan!

ANNUAL WEEDS

Apply 1z actively giowng annuat grasses and bidadieat
weni
Aliow at feast 3 days a'ter applhiston before Jistuh
ing treated vegetation. After this period the weed's misy
v mowed, tilled or burned See “Dsections for U
Guneral Information™ and “Mixing and Applrat:on
nstrurtions” for fabeled uses aad speaifi. apphication
msliuctons
Broadcast Application - Use 172 pints of thes produ!
per 42 pins Y to L cercent surfactant by total idy
olume if weeds are fess than b inches 1ali 1 wreds
are peealer than & mches tell use 2y pinty of this
prude. i Pt acre plui fa o 'r percant surfaclant by
1ot1at Lyray volune
Hznd-Hald High ¥olume Applical:on Ut a Mo i
cent solut n of thes Drogas? in water LS ta to b per
cemt sutlestant by totat speey wnluing and arply 1
foliage of wvegeiate e he ronholad
Vol apphed 8 amested cnder the conditons
geseoed m s label 1h v produrt plus nuran st
tartart WL CONTROL the folow ng ANNUAL WET D5

Barley Panicum
PCrE0m vaiydre {an o spp
Bluegrass {annual) Pennycress (field)
Pos ann oy LLaaspi anense
Brome (downy) Pigweed. Redioot
Bromus e toae Artaranthu, setrotlerus
Cocklebur Pigweed (smooth}
Xannum ey oo Avaraniiue hybndae
Corn volunteer) Ragweed {common)
Zea iy hortiusia artecnsitolid
Crabguass Ragweed {giant)
Cigitania wpp Amibrisia tesfida
Falsefiax {smaliseed) Rye
IL2, whing meotor arpa Sevale cereat
Fiddteneck Ryegrass {itafian)”
At an: by s ton viifoutn
Fleabane Sandbui {field)
fraesar Centhi. pp
fortarl Shatteicane
Stara p Cath i b iy
Kothia Sriattwe=d {Peansvlvan.a)
AUCTY (Dt Pulye rum

Jer gl e i




®

Lambsquariers {common)
Chenopodium album  Spanishneedies®
Lettuce (prickly) Bidens bipinnata
Lactuca sernola Sunfiower
Mustard (tansy) Helianthys annuus
Descutainia pnnata Thustle {Russian)
Oats {wild) Satsola kali
Avena fatua Yelvetieat

. ~ Abutslon theophrastt

" *Apply 3 punts of this product per acre
Anuusl weeds will generally continue to germinate
fiom seed throughout the growng season. Repeat
weatments wili be necessary 1o contiol later germ-
wnating weeds

PERENNIAL WEEDS

£5niy this product as follows to control of destroy most
vigorously gowing perennial weeds. Unless otherwise
diected. allow at least 7 days after application before
disturbing vegetation.

Aud % %0 'z percent nomonic sutfactant vy total spray
volame 1o the rates of this product given mn this list
ee the "Genera! tnformation” “Directions for Use”
“Mixing and Appilcation” sections of this label for

R fe em————

Dandelion Rysgrass (perannial)
Taraxacum officinale Lolium perenne
Dotk {curly} Smartwesd (swamp)
Rumex crispus Polygonum coccineym
Dogbane (hamp) Spatterdock
Apocynum cannabinum  Nuphar luteum
Fescues Texas Bluewesd
Festuca spp. Helianthus cihans
Guinsagrass Thistls {Canada)
Panicum maximum Cwusium arvense
Horsemettle Timothy
Solanum carolinense Phieum pratense
Horseradish Torpedograss*
Armoracia rusticans Panicum repens
Johnsongrass Yaseygrass
Sorghum halepense Paspalum urvilie:
Kikuyugrass Water Hyaciath
Penmisetum Eichornia crassipes
clandestinum Whuwm "Cﬂllﬂ)
Agropyron smithn

*Partial control.

+>Partial control i Southeastern states. See specific

ing frost.

Aifaifa

Medrcaga sativa
Alligatorweed”

Aleinanthera

philoseronds

Artichoke {Jerusaiem}

Hel:anthus tubeeosus
Bahiagrass

Paspalum notalum
Bermudagrass

Cyvredon dactylon
Bindweed {field)

Convecirulys arvensis
Bluegrass (Kentucky)

Foa spp.
Brackenfern

Plendm agquilinum
Bromegiass {smooth}

Bromus wnermis
Cattail

iypha spp
Clover (red)

Tetulum pratease
Ciovet (whits)

Intokum repens

Cutpass (gant)®
Zizanmwopsis mitiacea
Dallisgrass
Paspalum dilatatum

cpecihic uses and applicatian nstructions.

NOTT 1f weeds have been mowed or tiilled, do not treat
until regiowth has reached the recommended
stages Fail treatments must be applied belore 3 ¥ill-

Reﬁeat Ireatments may be necessary to control weeds
regenerating trom underground parts or seed.

When appiied as iecommended under the conditions
tescribed, this product plus surtactant WILL CONTROL
the icliowing PERENNIAL WEEDS:

Knapweed

Centaurea repens
Lantana

Lantana camaia
Maidencane

Panicum hamatomon
Milkweed

Asclepias spp
Muhly (wirestem)

Muhienbergia frondssa
Muitein (common)

Verbascum thapsus
Napiergrass

Pennisetym purpuresm
Nightshade (sitveriea)

Solanum elaeagnifolium
Nutsedpe (purple, yeliow)

Cyperus rotundus

Cyperus esculentus
O:chasdgrass

Dactyhs glomesata
Paragrass

Brachiana mutica
Phragmites®™

Phragmites wpp.
Quackgrass

Agropyion sepens
Raed canarygrass

Phalat.s atundmacea

recommendation below

Altigatorwesd — Apply 6 pints of this product per acre
s apoadcast SpRay or as the 134 percent solution with
hand-held equipment o provide partial contro! of
alligatorweed. Apply when most of the target plants
are in bloom. Repeat applications will be required to
maintain such control.

Bermudagrass — Apply 7% prts of this product per

acre as g broadcast spray o 3s & 152 percent solution
~oith Kanid- RS e BARRL. Apply when target plants

. are actively growing and whea seed heads appear.

Brackentern — Apply 47 1o 6 pints of this product per
acre as a broadcas! spray 0f 2s@ & lo 1 percent selu-
tion with hand-held equipment. Apply to fully
expandad fronds which are at least 18 inches long

Canada Thistle - Appiy 3 to &% pints of this product
per acre as a broadcast spray or as a | %2 percent solw
tion with hand-helq squipment Apply when target
plants are actively growing and are at or beyond the
bud stage of giowth. Allow 3 or mare days alter ap
plication defore tillage.

Cattail — Apply 4'% to 6 pints of this product per acre
25 2 broadcast spray or 85 a M perceat solution with
hand-held equpment. Apply when target phants are
actively growsng and are at of beyond the early-to-full
bloom stage of growth. Best resuits are achieved whea
application is made during the summer of fall months.
Cutgrass (giant) —Appty & pits of thi product per
acre 35 a broadcast spiay or as a 1 percent sglution
with hand-heid equipment to prowide partia! controf of
giant cutgrass. Repeat apghcatrons will be required to
maintain such control, especially whete vegetation 1S
partially submerged in water. Allow for substantial
regrowth to the seven-to-len leaf stage priot 10
retreatment.

Field Bindweed / Silverleal Mightshade / Tezas
Bluewead — Apply 6 to 7% pints vl this product per
acte a8 3 broadeast speay west of the Mississipps Ruver
and 4% to & pnts of thss prodect per acre east of the
Mississippi River. With hand-heid equipment. use 2
1% percent solubion Apply when tacget plests are
actvely growing and are at or beyona full bloom for

siiverieaf mightshade besl results can be nh%mgf é3

when application is made after besries are formed. Do
not treat when weeds are under drought stress. New
feat development indicates actve growth for best
tesults apply in ate summer or fall.

Guinaagrass — Apply 4% pints of this product per acre
as a broadcast spesy Of as a % percent solution with
hand-held equipment. Apply when tasget plagts are
2aCtwely growing and when most have reached at least
the 7-ieal stage of growth

Hemp Dogbane / Knapweed / Hotseradish — Apply &
pints of this product per acre 353 broatdcast spray or as
# 1% percent solution with hand-held equipment. Ap-
ply when target plants are actwely growing and most
have teached the late bud-to-flower stage of growth
For best results, apply in late summer or fall.

Johnsongrass / Bromegrass (smooth) / Reed Canary-
grass / Ryegrass (perennial)/ Timothy 7 Wheatgrass
(western) — Apply 3 0 4% pints of this product per
acre as a broadcast spray oc as 3 % percent solution
with hand-heid equipment. Apply when iarget plants
are actively growing and most have reached the boot-
to-head stage of growth When applied prior 10 the
boot stage less deswable contro! may be obtaned.
Aligw Johnsongrass tu reach at least 18 inches average
height. tn the fall. apply before plants have furned
brown

Lantana — Apply this product 3sa  to 1 percent solu-
tion with hand-held equipment Apply to actwely
growing iantana at or beyond the bioom stage of
growth Use the higher application rate for plants that
have reached the woooy stage of groath

Maidencane / Paragrass — Apply € pints of this pro-
duct per acre as a broadcast spray of as 3 % percent
solution with hand-held equipment. Repeat treat-
ments will be required. especially te vegetation partial-
ly submerged i water Under these conditiens. allow
for regrowth to the seven-to-ten lezi stage pnor to
retreatment ’

Milkweed {commaon) — Apply 82 pints of this product
per acre as a broadcast spray of 3s a 1% percent solu-
tion with hand-held equipment. Apply when targel
plants are aciively growing and mosl have reached the
{ate bud-to-flower stage of growth

Mutsedge (purple, yellow) - Apply &'z pints of this
product per acre as a broagcast spray or 35 3 % per-
cent solution with hand-held equipment to controt &x
isting nutssoge plants and immature nutiets attached
to treated plants Apply when target plants are
fiower or when new nutlets can be found at rhizome
tips. Nutlets which have not germinated will not be
controlled and may germmate following lreatment
Repeat treatments will be tequired for long-term
cantrol

Phiagmites — In 3C GA, AL FL. MS. LA or TX apply
742 pints of this proguct per acre as 3 broadcast spray
01 3% 4 1 'r percent sotution with hang. held equipment
to provige partial conteol of Phragmites in ali other
states 2pply 6 pints of this product per acre s a Droad
cast spray or as a % percent solution with hand-held
equipment to provide control. Apply when most of the
target plants are in full bloom, or duning the fad
months Repeat treatments will be required to ma:n
tain control

Quackgrass / Wirestem Muhly / Kikuyugrass - Apply
3 to 4%; pints of this product per acre as a broadcast
SPray ur o> & % percent solution with hand-heid equip-




meo! when most quackgrass of wirestem muhty is at
leas! & inches in herght (3- or 4-feaf stage of growth)
and actwely growing. Aliow 3 or mare days after app!r-
taion before titlage

Spatterdotk - Apply & pints of this product per acre
as 3 broadcast spray or as a w percent solution with
hand-held equipment. Apply when most plants are 1n
full binom For best results. apply duning the summer
ot 1s!l month,

Torpedograss - Apply 6 15 7% pints of this product
pEr acre ax 3 broadcast spray or as a % to 1% persent
solu‘ton with hand- held equipment to provide parlsal
cuntrol ¢f torpedograss Use the fower rates under ter-
reshial conditions, and the higher rates under partially
submeiged or a tioating mat condition Repeat
treatments wiil be required to maintaim such contro

Water Hyacinth — Apoly 5 to 6 pints of this product
per acte as a broadcast spray or as a | percent solubion
with hand. beld equipment. Apply when target plants
ate actively growing and at or beyond the eatly bloom
stage of prowth After application, visuai symptoms
may require 3 or more weehs 1o appear with complete
necros). and decomposition usuatly occuring within
60 13 90 days

Other perenniats listed on this fabel — Apply 41 to
TUomnts of this product per acre as a broadcast spray
94y 4 % to 1z peicent solution with hand-held
equiprnent Apply when target plants are actively grow-
ing en most hawe 1eached eatl'y head or early bud
Sape ot geawth '

WOODY BRUSH AND TREES

Aty tha praciat as follows to contiol actively
ol g woody Leoch and tiees dintea below Unkes
etwsse spevtied aticw at least 7 dags alfter apal
ot e aarbg ealed vegeletin
Adtitae ! parcent surfactant Dy total spray woivnie to
e orales ol U product given i ths frst dex the
Gemeta! dotoonation  Dueecitcn: o1 Ui and
Murg and Aophcatwn” sections of this lzbei for
=peuihic uses and appheation instructions.

Voben appitd as recommended unde: the conditic's
e nbee (s product pios surfactant CONTROLS the
il uig woody brush plants and trees '

AMdet Qak*>*

Aimuy spp Quercus spp
Bernies' Multifiora rose

Habu app Rosa muttifivra
Eiderberry Poison lvy

ame Lcospp Rhus radicans
Honeysucaie Poison Oak

Lonicera spp Rhus toxiccdenaron
Kudry Trumpet creaper

Purrana lobata Campsis 1adicans
Maple ' * Wiilow

Acvi Lpp Sali« spg

‘Includes blackberry dewberry and raspberr,
tat tydes supir maple and red maple
“hnctages red oak. white oak and Northern pin gak

Appiy this product when plants are vgorously growing.
a'.J unless otherwise directed. after full leal expan-
sitn Use the tugher rate for larger plants and . o
dense atec . 2 growth. Onvines use the higher rate for
plants that have reached the woody stage of growth.
Bext results are gbtained when application i1s made i
ate wummer or fall after frunt formation Ensure

 thorough coverage

MR
TP
when usiag hand-heid equipment,
Symptoms may not appear prior to frost or senescence
with fali treatments.

Repeat treatments may be necessary to control plants
regenerating from undergiound parts or seed Some
autumn colors on undesirable deciduous specres are
acceptable provided no major beaf fall has occureed

Apply this product as foliows to control the foliowing
listed piants and trees

Mdar ABerthes / Eiderberry / Hensyswalle — Apply
4% to 6 pints of this product per acre as a broadcas!
spray or as a % to | percent solution with hand-held
equipment

Kudzu — Apply & pints of this product per acre as a
broadcast spray or as 3 1 %2 percent solution with hand-
held equipment.

Maples / Oaks — Apply this product as a % to 1 per-
cent solution with hand-held equipment. Apply when
at least 50 percent of the new leaves are fuliy
deveioped Use the higher rate for large mature trees

Multiflora Rose — Apply 3 pints of this product per
acre as a broadcast spray or as a % percent solution
with hand-held equipment. Treatments should be
made prior to leaf deterioration by ieaf feeding
nsects

Poison lvy / Poison Oak — Apply 6 to 7% pints of this
produc! per acre as 2 broaocast spray or asa | per-
cent soiution with hand-heid equipment. Treatmeni.
must be apphied before leaves lose green color Repeat
applications may.be required to mamntan control.

Trumpet Creeper — Apply 3 to 4 pints of this proguct
per acte as a broadcast spray or as a e to } percent
solution with hand.held eguipment.

Witlow -- Apply this product as a % percent soluti
with hand-he(d equipment.

ANRECTIONS FOR USE |

1t1s 3 violation of Fedeial law to use this product in any
manner meonsistent with ots labehing

AQUATIC SITES

When apphed as dvected under conditions described,
this product plus nonsonic surfactant will control
emerged annua! weeds and controi o partiatly control
emerged perenmal weeds, woody brush and trees
histed in this label This produc! does not control plants
which are either completely submerged or have a
majonty o* the foliage under water See the “Weeds
Controlled” section of this label fur 1ates and degree of
conttol proviced.

This product may be used in ang around aquatic sites,
ncluging all bodies of fresh and brackish water. which
may be flowing non-fiowing, or transient This in-
cludes lakes, 1vers. streams, ponds, seeps. irrigation
and drainage ditches. canals. reservons. and similat
sites There 15 no restriction on the use of water for
rngation, recreation. or domestic purpises

Consutt local state fish and game agency and wate:
controd authorities before applying this product tc
public water. Permits may be requited to treat such
water.

NOTE' Do not apply this product within 1> miie up
stream 5! potable water intakes

Do not apply this product on nce levees when fiooc
water 1S present

(VP gy

N LT T

Do not agply in sepwater areas.
For treatments after drawdown of water or 1 gry
ditches. atlow 7 or more days after treatment before
reintroduction of water. Apply this product within one
day after drawdown to ensure application o actwely
growing weeds.

When using this product 10 aquatic sites where water
1$ present add 1 to 2 quarts of Ortho X- 77" surfactant
ser 100 gallons of spray solution (- t9 2% surfactant
by total spray volume).

When using this product in sies where water s not
present (dry ditches ditchbanks, dry canats) use i to2
quarts of nonronic surfactant per 100 gallons of spray
solution (% to %% surfactant by total spiay volume:

Floating mats of vegetation may require retreatment.
Avoid washoff of sprayed foliage by spray boat or
recreational boat backwash or by ranfal’ within six
hours of application. Do not retreat within 24 hours
following the initiat treatment

Applications made to moving bodes of water must be
made while travehing upstream 13 orevent concentra-
tion of this herbicide in water When making any
banksige applications. do not overlap more than 1 foot
into open water. Do not spray across open moving
bodies of water, or where weeds do not exist The max-
imum application rate of 7% pints per acre must not
be exeeeded in any singie apphication.

When emerged :nfestations requite treatmert of the
total surface area of inipounded water treating the
area in stips may avord oxygen depletion Jue to decay
1z vegetation Oxypen depietion may resuit in fich ki

"0eno X 77 15 a trademark of Chevion Chenucat Convpary

EPA Rez No 524.343
11 case of emergency invuiving s procust. Call
Collect day or mght (3143 6944000

- MONSANTO COMPANY 1934

1984 1 892 38.000 03 /53
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Complets Directions for
EPA Rag Mo 524-308-A4
AVOID CONTACT WITH FOLIAGE, GREEN STEMS, OR
FRUIT GF CROPS, DESIRABLE PLANTS AND TREES,
SINCE SEVERE INJURY OR DESTRUCTION MAY
RESILT.
This product Ras besn approved for wse ia Calttornia
eacept as stated othorwise on pages 104 and 105,

1984.1 897.10-002.19/53
Read sach of these sections of this tabel for ewentia!
USE THESE CONYENIENT SECTION MARKERS.

S40¥) INIA ONY 3)4L
SWILSAS INIddOND
$3ISN 4042 NON
QINO0UINGD SQIIM
$110S SINDINHIAL
ROIIYIINddY "ONINI
KOIIVWEDINI TYHINID

Raad the entire lsbei.

Use only according to lsbel mstructions.

Read "LIMIT OF WARRANTY AND LIABILITY before
buying or ysing. i terms are not acceptable, return 3!
once unopened.

LUMIT OF WARRANTY AND LIABILITY
(Mot applicable to consumer applications applied
by the hameswner for meacsmmercial purpmes
& pecmitnd by the supplamentsl labeling for
one-gawt simininens)

This company warants that this product conforms to
the chemica! description on the label and is
reaxonabdly fit for the purposes set forth in the com-
plete Directions for Use label booklet {"Directions™)
when used in accordance with these Directions under
the conditions described therein. NO OTHER EXPRESS
OR IMPLIED WARRANTY OF FITNESS FOR PARTI-
CULAR PURPOSE OR MERCHANTABILITY IS MADE

This wasranty is also subject to the conditions and
imitations stated berein.

Buyer and all users shail promptty notify this company
of any claims whether based in contract, meghigence,
strict lability, other tort or otherwise.

Buyer and all users are responsible for all Joss or
damage from use or handling which resutts from con-
ditions beyond the control of this company, including
bat not limited to incompatibility with products other
than those set forth in the Directions, apphcation to or
contact with desirable vegetation. unusual weather
(r. weather conditions which are outside the range con-

-
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sidered norma! at the application site and for the time
peniod when the product s aprhed with the normal
wwngeemminedmmlns‘rsolmtmge
range for the prior 40 years comput=d from the best
wwilsbie information, and ii. weather perils, including
bt not iimited to hurricanes, tomadoes and Hoods) as
well a5 woather considerations set forth in the Direc-
tons, application in any mannes not exphicitly set forth
 the Directions, moisture conditions outside the
woisture range specified in the Diractions. o the
prasence of products other than thase set forth in the
Diractions in o1 on the soil, crop or treat vegitation.

THE EXCLUSIVE REMEDY OF THE USER OR BUYER,
AND THE LIMIT OF THE LIABILITY OF THIS COMPANY
OR ANY OTHER SELLER FOR ANY AND ALL LOSSES
INJURIES OR DAMAGES RESULTING FROM THE USE
OR HANDLING OF THiS PRODUCY (INCLUDING
CLAIMS BASED IN CONTRACT NEGLIGENCE. STRICT
LIABILITY, OTHER TORT OR OTHERWISE) SHALL BE
THE PURCHASE PRICE PAID BY THE USER OR BUYER
FOR THE QUANTITY OF THIS PRODUCT INVOLYED, OR.
AT THE ELECTION OF THIS COMPANY DR ANY OTHER
SELLER. THE REPLACEMENT OF SUCH QUANTITY OR,
IF NOT ACQUIRED BY PURCHASE REPLACEMENT OF
SUCH QUANTITY iN NO EVENT SHALL THIS COMPANY
OR ANY OTHER SELLER BE LIABLE FOR AN INCI.
DENTAL OR CONSEQUENTIAL DAMAGES

The buyer and all users are deemed to have accepted
the terms of this LIMIT OF WARRANTY AND LIABILITY
which may not be varied by any verbal or wrrtten
agreement.
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APPLICATION EQUIPMENT
AND TECHNIQUES 18 thra 32
AERIAL EQUIPMENT 13,20
BOOM EQUIPMENT 20

CONTROLLED DROPLET APPLICATION (COA) 21
SAND HELD & HIGH VOLUME EQUIPMENT 21 22
SELECTIVE EQUIPMENT Bt 32
ATTEXTION — AVOID DRIFT 13
CROPPIRG SYSTEMS €7 thra 103

FALLOW & REDUCED TILAGE
SYSTEMS Tty 77
Emerged Anmsal Weedk . T2t 76
Emerged Poreanial Weeds n
PRE-HARVEST APPLICATIONS »%
SELECTIVE EQUIPMENT an
SPOT TREATMENT (<)
TARK MIXTURES 75,78,77
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GENERAL IRFORMATION 19,11,12
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WSTRUCTIORS M thm 32
ROR-CROP USES Ot bé

FARMSTEAD WEED CONTROL . £

WOUSTRIAL, RECREATIONAL &

PUBLIC AREAS 50
IRIECTIORS AKD FRRL APPLICATIONS [ ]
ORRAMENTALS 55,5
TOADSIOE BERMUDAGRASS RELEASE %
SAVICUITURAL SITES, RIGHTS-OF-WAAY and

CORSSTRIAS TREES . $7 teu 3
TMRE MOTURES $1,52,53
TURF GRASSES & CRASSES FOR

SEED PRODUCTION 64,65
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TREE § VINECROPS 97 thre 103
TREE CROPS— Almdnd, Appic,
Apricot, Baapna, Cherry, Cotfee,
Filbert, H, G, Kemquat,

Lamon, Lime, Macadamia, Mango,
Rectaring, Onangs, Papaya, Poach,
Poui, Pocan, Pistachic, Plum/ Prune,
bagylt, Tangwrirm, Taa, Watiut 101,102

VINE CROPS — Grapee, (Wine 103
Table and Raksin)
PRECAUTIONARY STATEMENTS 7.t
SOIL TEXTURE 17
STORAGE ARD DISPOSAL 1
TARK MIXTURES 15,16, 75 thru 100
WEEDS CONTROLLED
ARRUAL 33,34
PERENNIAL 35thru 43
WOODY BRUSH ARD TREES o thry &2



PRECAUTIONARY STATEMENTS

Hazards to
Humans and Domestic Animals

Keep out of reach of children.

WARNING!

CAUSES EYE IRRITATION.

HARMFUL IF SWALLOWED.

MAY CAUSE SKIN IRRITATION.

Do not get in eyes, on skin or on clothing.

Wash thoroughly after handliing

FIRST AID: if IN EYES, immediately flush with
plenty of water for at deast 15 minutes. Calf 2
physican
IF ON SKIN, immediately fush with plenty of water.
fRemowe contaminated clothing. Wash clothing
before reuse. '
{F SWALLOWED, this product will cause gastro-
intestinal tract irvitation. immedistely dilute by
swallowing water or miltk Call 3 physician.

in case of an eprergency involving this product, Call
Coliect, day or night. (314) 634-4000

Physical or Chemical Hazards

Spray solutions of this product shoulc be mimed,
stored and apphied onfy in stainiess steel, sluminum,
fiburginss, plastic sod plastic-lined stee! containers.
0O NOT MiX, STORE OR APPLY THIS PRODUCT OR
SPRAY SOLUTIONS OF THIS PRODUCT IN GALVANIZED
STEEL OR UNLINED STEEL (EXCEPT STAINLESS
STEEL) CONTAINERS OR SPRAY TANKS. This product
& xproy solutions of this product react with such con-
tainers and tanks to produce hydrogen gas which may
form a highly combustible gas mixture. This gas mix-
ture coul¢ flash or explode. causing serious persona!
injury. if ignited by open flame, spark, welder's torch,
lighted cigarette or other igniton source.

Environmental Hazards
Awoid direct applications to any body of water. Do not
contaminate water by disposat of waste or cleaning of
aquipment.

Storage and Disposal
Avoid contamination of seed, feed. and foodstuffs.
Do not reuse container, destroy when empty

!
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ACTIVE INGREDIENT:

*isopropylamine saft of glyphosate 41.0%
iNERT INGREDIENTS. .. . 59.0%
100 0%

*Cantains 480 grams per itre or & pounds of the
actwe ingradient sopropylamine salt of
N-(phesphonomethyl) glycine per U.S gation
Equmalent to 356 grams per htre or 3 pounds per
U.S. gation of the acid, glyphosate

Roundup herbicide 15 protected by
U.S. Pat. No. 3.799.758 and
U.S. Pat. No. 4.405.53).
Other patents are pending
©MONSANTO COMPANY 1984

in case of sn emergency tnvolving this product
Call Coliect, day or mght, (314) 694-4000

MONSANTO COMPANY v—
AGRICULTURAL PRODUCTS Eonhun:o‘
ST LOUIS. MISSOUR 63167 US & 1
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. GENERAL INFORMATION - .

DO NOT APPLY THIS PRODUCT USING AERIAL SPRAY
EQUIPMENT EXCEPT UNDER CONDITIONS AS
SPECIFIED WITHIN THIS LABEL.

Roundup® hertucide. 3 water soluble liquid, mixes
radity with water to be appfied as a folage spray for
the control or destruction of most herbaceous plants.
1t may be applied through most standard industrial or
field type sprayers after diiution and thorough mixing
with water in accordance with label instructions.

This product moves through the plant from the point of
foliage contact to and into the root system. Visible
etiects on most annuat weeds occur within 2 to 4 days
but on most perennial weeds may not occur for 7 days
or more. Extremely cool or cloudy weather following
trestment may slow down activity of this product and
delay visual etfects of control. Visible effects are 2
gndual wilting and yellowing of the plant which
advances to complete browning of sbove ground
growth and deterioration of underground plant parts.
Uniless otherwise specified on this tabel delay applics-
ton until vegetation has emerged and reached the
stages described for control of such vegetation undes
the “Weeds Controlied” section of this lbel. Un-
emarged plants artsing {rom unattached underground
rhizomes of oot stocks of perennials will not be
affected by the spray and will continue to grow. For
this maxson best contro! of mast perennial woeds is
obxaned when trestment is made at late growth stages
approaching maturity.

Always use the higher rate of this product per acre
within the recommended range when (1) weed growth
s heavy or dense, of (2) weeds are growing in an undis-
turbed (non-cultated) area.

Do not treat weeds under poor growing conditions such
as drought stress, disease or insect damspe. s
reduced weed control may result. Reduced results may
sisc occur when treating weeds heavily covered with
dust.

Reduced control may result when applications are
made to annual or perennial weeds that have been
mowed, grazed, of cut, and have not been aliowed to
regrow for the recommended stage for treatment,
Rainfall or imgation occuring within € hours sfter
application may reduce effectiveness. Heavy ninfall or
wrigation within 2 hours sfter application may wash
the chemical off the foliage and a mepeat treatment
may be required. ;

Roundup herbicide does not provide residual weed
control. For subsaquent rasidual weed control, follow 3
iabel-approved herbicide program. Read and carefully
observe the cauticnary statements and alf other infor-
mation appearing on the labels of all herbicides used

Nonionic surfactants which are kabeled for use with
bacbicides may be used to improve wetting of foluge.
Do wot reduce rates of Roundup when adding surfac-
tont Use 0.3 porcent swriactant concentration when
wsing surfactants which contain st least 50 parcant ac-
tive lngredient or 3 | peroant serfactant concentration
for those surfactinft contsining less fhan 50 percent

1n

-

i

sctive ingredient. Read and carefully observe surfac-
tant cautionary statements, and other information ap
peaning on the surfactant label

Buyer and afl users are responsible for all doss o
damage in connection with the use or handiing of mix-
tures of Roundup with herbicides or other matenals
that are not expressly recommended 1n this labeling
Mixing this product with herbicides or other mater:at:
not recommended on this label, may result in reduced
Roundup performance.

For best results, spray coverage should be umiform and
compiete. Do not spray weed fohiage to the point o
runoff.

Keep paopie and pets off treated areas until sps 2y solu-
tion has dried o prevent transer of this produrt onto

®Registered Trademark of Monsanto Company



RATTENTION
AY(ID DRIFT EXTREME CARE MUST BE USED WHEN
APPLYING THIS PRODUCT TO PREVENT INJURY TO
DESIRABLE PLANTS AND CROPS.
Do not aliow the herbicide solution to mist, drip, drift,
or 3plash onto desirable vegetation Siace minute Quat
tities of thes herbiciie can cause severe damage or
destruction o the crop. plants, or other aress on which
trestment was ot imtended. The likelthood of injury
occurriag from the use of this product is grestest when
winds are gusty or in excess of 5 miles per hour or
when other conditions, including lesser wing
welocitwes, will allow spray drift to occur. When spraying
avord combinations of pressure and nozde type that
will resylt in splatter or fine particies (mist) which are
hisely to drift AVOID APPLYING AT EXCESSIVE SPEED
OR PRESSURE.

NOTE: Use of thes product in any manner aot con-
sistent with this label may result in injury to persons,
snimals or crops. o other unintended conse-
quences. Keep container chosed 1 prevent spills and
contamination.

MIXING AND-APPLICATION
" INSTRUCTIONS

APPLY THESE SPRAY SOLUTIONS IN PROPERLY
MAINTAINED AND CALIBRATED EQUIPMENT
CAPABLE OF DELIVERING DESIRED VOLUMES. DO
NOT APPLY UNDER WIND OR OTHER CONDITIONS
WHICH ALLOW DRIFT TG OCCUR. HAND GUN APPLICA-
TIONS SHOULD BE PROPERLY DIRECTED TO AVOID
SPRAYING DESIRABLE PLANTS. NOTE- REDUCED
RESULTS MAY OCCUR IF WATER CONTAINING SOIL 1S
USED, such as WATER FROM PONDS AND UNLINED
DITCHES.

MIXING

This product mixes readily with water. Mix spray solu-
tions of this product as follows: Fill the mixing or spray
tank with the required amount of water Add the
proper amount of this product (see “Drrections for
Use” and “Weeds Controlled™ sections of this label)
near the end of the filling process and mix well.
Remove hose from tank immediately atter filling to
awid siphoning back into the carrier source. Dunng
mixing and application foaming of the spray solution
may occut. Yo prevent or minimize foam. awoid the use
of mechanical agitators, place the filling hose below
the surface of the spray solution. terminate by-pass

b —
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TANK MIXTURES
Abways predetermine the compatibility of labeled tank
mixtures of this herbicide with wates camier by mixing
smal! proportional quantities in advance.
Mix tabeled tank mixtures of Roundup herbicide with
water 28 follows:

1. Place 220 to 35 meth screen or wetting basket over
Klling port.

2. Thwough the screen. fill the sprayer tank one-halt
fulf with water and start agrtation

3. if a wettable powder is used, make 2 slurry with the
water carmier, and add 1t SLOWLY through the
screen into the tank. Continue agrtation

4. 1f a flowable formulation is used. pre-mix one part
fiowable with one part water. Add diiuted mixture
SLOWLY through the screen into the tank Continve
agristion.

S If an emulsifiabie concentrate formulation is ysed.
pre-mix one part emulsifiable concentrate with
two parts wate:. Add diluted mixture slowly through
the screen into the tank. Continue agitation.

6. Continue filling the sprayer tank with water and
add the required amount of Roundup herbicide
near the end of the fitling

7. Where nonionic surfactant is recommended add
this to the spray tank before compieting the filling

) and return lines at the bottom of the tank and if process.
needed usa an approved anti-foam or defoaming
‘ 13 agent. ' 15
16 1
8 Add mndwaual formulations to the spray tank as SOIL TEXTURE
follows wettabie powder, flowable. emuisifiabie APPLICATION EQUIPMENT
concentrate. duft control additive, water soluble The recommended use rates ol other herbicides AND TECHN]QUES
hquid followed by surfactant. labeled for use with this product in tank mixtures
Maintain good agitation at all times until the contents gonerally vary with 30il texture. Rate tables throughout This product may be applied with the foliowing apph-
of the tank are sprayed. If the spray mixture is allowed this {abel, wnless the soil texture is specifically cation equipiment;

to settle. thorough agitation is required to resuspend
the mixture before spraying 15 resumed.

Keep by-pass {me on or near bottom of tank to

© mimimize foaming Screen size in momzle o line

strainers shouid be no finer than 50 mesh Carefully
select proper nozzie to avoid spraying 3 fine mist. For
best results with comwentions! proumd appiications
squipment, wae fiat fan mozzies.

Clean sprayer and parts immediately after using this
product by thoroughty flushing with water.

named, refer {0 only three soil texture groups: Coarse.
Medium and Fine. The following is 3 complete listing
of wil textures included in each of these three soil
hxture groups:

SOIL TEXTURE
GROUP . SOIL TEXTURE

COARSE: send, lostty sand, sandy loam
MEDIUM: toam, sitt ke, silt. sandy
clay loam
FINE: sifty cley loam, clay loam, sandy
iny, silty clay, clay

Refer to the above table to determine the comespond-
g il texture group Sor the soil to be treated.
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Aarial - fixed wing and helicopter

Beom — conventional broadcas! spray

Camtrolled Dropiet Applicator (COA) — hand heid or
boom mounted apphicators which produce 2 spray
consisting of 2 narrow range of droplet sizes

Hand- held and high-valume spray equipment - knap-
sack and backpack sprayers, pump-up pressure
prayers, handguns, handwands, lances, and other
Rand-hek! spray equipment used to diect the spray
onto weed foliage and vehicle mounted high-volume
spray equipment for spray-to-wet apphications
Solactive squipment —recirculating sprayers. shielded
sprayers and wiper applicators.

See the appropriste part of this section for specific
rates of application and instructions



L AERIAL EQUIPMENT ag 1
Use the recommended rates of this herbicide infSite ' »
15 gations of water per acre uniess otherwise specified

on this iabel. See “WEEDS CONTROLLED" section of

ths (abel for specitic rates. Aorial applicalions of ths
sredect Moy saly b made u fallow snd reduced
Siage systom, slicultaral stes, nd rights-of-way. ,
Refer 1o the individual wse arsa sections of this lnbal

for ncommended wivme snd application mies.

Awoid dirsct application to any body of water.

AYOID DRIFT — DO NOT APPLY DURING INVERSION
CONDITIONS, WHEN WINDS ARE GUSTY, OR UNDER

ANY OTHER CONDITION WHICH WILL ALLOW DRIFT.
DRIFT MAY CAUSE DAMAGE TO ANY YEGETATION
CONTACTED TO WHICH TREATMENT 1S NOT INTEND-

£D TO PREVENT INJURY TO ADJACENT DESIRABLE
VEGETATION, APPROPRIATE BUFFER JONES MUST

BE MAINTAINED

Coarse sprays are less likely to drift, therefore, do not

use nozzles or nozzie configurations which dispense
spiay as hne spray dropiets. Do not angle nozzies
lorward into the airstresm and do not increase spray
volume by increasing nozzle pressure.

Datt control additives may be used. When a drift con- :
trol aoditive 15 used, read and carefully observe the |
cavtionary statements and all other information
appearing on the additve labe!

Ensure wniform applicstion — To awoid streaked,
uneven o ovetlapped application, use appropriate

marking dewices

19

Thoroughly wash aircraft, especially landing gear. stter
each day of spraying to remove resadues of this pro-
duct accumuisted during spraying or from spills.
PROLONGED EXPOSURE OF THIS PRODUCT TO
UNCOATED STEEL SURFACES MAY RESULT IN CORRO-
SION AND POSSIBLE FAILURE OF THE PART. LAND-
NG GEAR ARE MOST SUSCEPTIBLE. The mainten-
ance of an organic cowting (Paint) which meets

specification MIL-C-38413 may prevent

COmosion

n BOOM EQUIPMENT B
For control of annxal or personial weeds listed on this
lnbel using conventionsl bosm oquipment — Use the
recommended rates of this product in 10 to 40 galions
of water per acre as & broadcast spray uiless othet: /'
wise ¥pecified on this label. See “Weeds Controlled”
section of this label for specific rates. As density of
weads increases, spray gallonage should be increased
within the recommended range to insure complete
coverage. Carefully select proper nozzle to avoid spray-
ing 8 fine mist. For best results with ground applica-
ton equipment. use fiat fan nozzles. Chack for even
distribution of spray droplets
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B CONTROLLED DROPLEY =
APPLICATION (CDA)

The rate of this product applied per acre by wehicle
mouated CDA equipment must not be less than the
smount secommended in this label when applisd by
conventionsl broadcast equipment For wehicle
mounted COA squipment appiy 3 t 15 galions of
water per acre. : .

For the contrel of labeied annual weeds with hand-
heid CDA units, spply 8 20 percent sslution of the
product at 8 fiow rate of 2 fiuid ounces per minute
and a waiking speed of 1.5 MPH (1 quart per acre) for
the control of labeied perennial weeds. appiy 2 20 1o
40 percent solution of this product at a flow rate of 2
fluid ounces per minute and 2 walung speed of 0.25

s #PH Q o & quarts per acre).

Controlied dropiet application equipment produces a
spray pattern which 15 not easily visible. Extreme care
must be exercised to avoid spray or drift contacting
the foliage or any other green tissue of gesirable
wagetation as dsmage or destruction may result.

B HAND-HELD and HIGH-YOLUME W
EQUIPMENT
Use cosrse sprays only
Mix this preduct in water and apply to fohage of /
wageistion o be costroed. For sppiications made on *
8 spray-to-wet basis. spray coverage should be
uniform and compiete Do not spray to the point of

2

_

¥/

wnoft Use a | percent solution, unless otherwise
specified For best results, use a 2 percent solution on
harder-to-control perennials, such as bermudagrass,
dock, field bindweed, hemp doghane, milkweed and
Canada thistie.

Less than complete coverape of weeds may result from
the use of spray equipment designed for motorized
spat treatments. Where less than compiete coverageof .~
annual weeds occurs, use a 5 percent solution. Do not
reduce recommended concentrations of Roundup
when adding surfactant.

Prepare the desired wolume of spray solution by mix-
wg the amount of thes product in water, shown in the
following table:

Speay solation

DESIRED AMOUNT OF ROUNDUP®
YOLUME 13 %% 2% 5%
} glion Wo 2 Mo e

25 gations Iqt 1%q 2q Seqt
100 gations lpl %@l 2l S5

2 tablespoons = | ounce

For use in knapsack sprayers, it &5 suggested that the
proper amount of this product be mixed with water in
8 larger container. Fill sprayer with the mixed soirhon,
For hand-held WIPER APPLICATORS see the “Selec-
tive Equipment” saction and for kand-heid CON.
TROLLED DROPLET APPLICATORS see the “Controlied
Droplet Applicator (COA)” section of this label.

- -

[ | SELECTIVE EQUIPMENT n
This product may be applied through » recirculating
spray system, & shielided applicator, or 2 wiper
applicator sfter dilution and thorough mixing with
wate ts ksted weeds growing in say non.crop site
specified on thig label and only when specificaity
recommended in cropping systems.
A recirculating spray system directs the speay soiution
onto weeds growing above desirable vegetation, while
spray salution ney ietercepies by weeds is collected
and retorned to the spay tank for reuse.
A shielded applicstor directs the herbicide solution
onto weeds white shielding desirabie vegetation from
the herbicide.
A wiper applicstor applies the herbicide solution onto
weeds by rubbing the weed with an absorbent
material containing the herbicide solution
AYOID CONTACT WITH DESIRABLE VEGETATION.
Contact of the herbicide sofution with the desirable
wgetation may result in damage or destruction.
Applicators used shove desired vegetation should be
adjusted 3o that the kwest spray stream o wiper con-
tact point is st least 2 inches above the desirable
wgetstion. Droplets, mist, foam, or splatter of the
herbicide solution settiing on desirable vegetation may
it in discoloration, stunting. or destruction.
Applications made ahove the crops should be made
when the weeds are 8 minimum of & inches above the
desinble vegetation. Better resuits may be obtained
when more of the weed 5 exposed to the herbicide
b 4]
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solution. Weeds not contacted by the herbicide solu-

tion will not be affected ‘This may occur i gense

clumps, severe infestations, or when the height of the

weeds vaties 30 that not all weeds are contacted In

these instances, repeat treatment may be necessary.

See the “Weeds Controlled” section of this labe! for

recommended stage of growth for specific weeds

NOTE

® Maintan equipment in good operating tonditiorn:
Avoid leakage or dripping onto desirable vegetation

® Adjust height of applicator to insure adequate con- &
tact with weeds.

® Koep nozzie tips and wiping surfaces ciean

® Koep spray patterns aligned into recovery chambe:
of the recirculating spraye:

® Keep shields on shieided applicators atsted to
protect desirable vegetation.

® Maintain recommended rofier RPM on rolter
applicators while in use.

® Keep wiper material at proper oegree of saturation
with herbicide solution,

® DO NOT use wiper equipment when wesds are wet

® DO NOT operate equipment at ground speeds
greater than 5 mph. Weed control may be affected
by speed of application equipment As weed den-

sity increases. reduce equipment ground speed to
insure good coverage of weeds



« Be aware that on sioping ground the herbicide soii-
tion may migrate, causing dripping on the lower
end and drying on the upper end of a wiper
apphcator.

® Yariaton i equipment design may affect weed
control. With wiper applicators, the wiping materia!
and & ormentation must allow delivery of sutficient
quantities of the recommended hasbicide solution
directly to the weed.

® Care must be bhen with all types of wipers to
insure that the absorbent materis! does not become
oversaturated, causing the herbicide to drip on
Cesirable vegetation.

= Mix only the amount of solition to be used during 3
one day period, as reduted activity may result from
use of leftower solutions. With all equipment, drain
and clean sprayer and wiper parts immediately
atter using this product by thorpughly fiushing with
water

RECIRCULATING SPRAYERS
Recicculating sprayer calibration is made on the basis
of ground spead and deiivery wolume. Two procedures
can be used o calibate: {1) determine the discharge
being deiversd per minute. then eperate ot the
designated ground spead, or (2) select the desired
ground speed and adjust the sprayer to delver
the repamimanded Wiume per minute (this may
require nozde changes). Use the sppropriate table
below.

Do not operate at nozzle pressure above 20 PSI

Table 1. Use this table when calibrating Box or Row
type recirculating sprayers. Box or Row type sprayer
calibration s based on the total discharge collected
per row. Use oaly straight stream or 15% fan type
nanzles.

*VOLUME PER MINUTE PER ROW

MPH Qunces
2 2610 25
3 38 to 51
] 51 to 68
5 65 to 86

*NOTE' Be certain the amount collected 1s for all
spray streams treating one row.
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Yable 2 Use thss table when calibrating Broadcast
fpe mcirculating sprayers. Broadcast reciculating
sprayer calibration 1s based on the discharge coliscted
per minute from one nazzie on a 20 inch spacing

VOLUME PER MINUTE PER NOZZLE

WPH Ounces _
2 Tto 9
3 0te 13
4 13t018
5 16 to 22

When applied as recommended under the conditrons
described Jor recirculating sprayers. this product will
control the foliowing weeds growing a minimum of §
inches above desirable vegetation

Pc—')l Brosdiarf Wesds — To SUPPRISS the
blb-.ml weeds, mux in a2 ratio of 4 quarts of this pro-
duct in 20 gallons of water and apply as direcled
Dogbane themp) Milkweed

Apocynum cannabinum  Asciepias syriac:

Pareanisl Crames: and Aanudl Brondiea! Weeds — To
contro! the following weeds, mix in 8 ratio of 3 quarts
of this product 1 20 gations of water and apply as
directed

Cacklobur Pigwoed, Redrect
Kanthium Amananthus
pensyivanicum retrofiexus
Jshamagran Susfoww
Sorghum haiepenss Helianthus snnuus

Amanal Crames — To control the following weeds, mix
in 3 ratw of 2 quarts of this product i 20 gations of

water and apply as directed:
Corn (valumbonr) Shattercane
2ae meys Seghum bicolor

—— -

SHIELDED APPLICATORS

When applied as dincted under condiions described
for shielded applicators, this product will control
thase weeds listed in the “Weeds Controlied™ section
of this label.

Shielded applicators which apply the herbicide solu-
tion as a spray band should be calibrated on a broac-
cast equivalent rate and volume basis. o determine
these:

Band width Herdicide

g . Hesbicide
————'“d."s x Bowost Band RATE
Row width RATE per acre
in inches pei acre
B,ng width Broadcast Band VOLUME
in inches X VOLUM_E ot = of solution
Row width wihston per acre

in inches per acre

Use nazzies that peovide uniform coverage within the
treated area. EXTREME CARE MUST BE EXERCISED TO
AVCD CONTACT WITH DESIRABLE VEGETATION.

For specific rates of application and instructions for
control of various annual ang perennis! weeds. me the
"Weads Controlind™ section of this label.

L_J

WIPER APPLICATORS

Wipe: apphcators include either raller or wick devices
which physically wipe appropriate concentrations or
amounts of this product directly onto the weed
Equipment must be designed mamntained and
operated 1o prevent the herbicide solution from con-
tacting desirable vegetation. Operate this equipment
at ground Speeds no greater than 5 mph Performance
may be improved by reducmg speed n areas of heavy
weed infestations to insure adequate wiper saturation
Better results may be obtained if 2 applications are
made in opposite directions

Do not add surfactant to the herbicide solution

Far Rolier Applicators — Mz 1 galion of this product
in enough water to prepare 10 gallons of herbicide
solution (10% solution) Apply this solution to peren
®isl weeds or annual broadieal weeds histed in this
“Wiper Applicators” section

Mix 1 gatlon of this product 1n enough water 1 pro
nde 20 gallons of herbicide sotution (5% solution;
Apply this solution to annual grasses histed in this
“Wiper Applicators™ section

Roller speed should be maintained at 40 to 60 RPM
For Wick or other Wiper Applicators — Mix 1
galion of this product in 2 gallons of water to prepare 3
33% wlution. Apply this sofution to weeds histed in
this “Wiper Applicators” section.

In severe infestations, reduce equipment ground
speed to insure that adequate amounts of this product
are wiped on the weeds A second treatment in the
opposite direction may be beneficial

k |
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Do not permit herbicide solution to contact desirable r " WEEDS CONYROLLED
wegetation ] .
When apphed as recommended under the conditions Pigweod, huiouct ‘m - o Tmm:';“-gm prrust and persanal
gescribed for “Wiper Applicators’! this product N"m':;"‘ fon theophrasti Fanes s
CONTROLS the foliowing weeds: mtrofiexus AMNNUAL WEEDS
ARNUAL GRASSES l'l o, fca "m'ifolia Apply to actively prowing grasses and broadieaf weeds.
Com fluxiver Shattorcane Use 1 quart of this product per acre if weeds are less
1es mays Sorghum bicolor ' PERENNIAL & :;n Sl i;ch:ﬂt:ll.(l:hmdsm:: over 6 int:‘e‘: tall,
commen Tous pasitsm ' (REN o1 this per acre w at
e ; % ‘ Sormedagrans Smetgan , feast 3 days after treatment before tillage See “Dvrec.
Secale cereale Pucicum taxasen Ve ¢ d $porobol X .
ynodon dactylon us porreti) tions for Use™ for specific wolumes of water
ANNUAL BROADLEWES ¢ Pmiclum aximum Pm" lum urvillei When applied as recommended under the conditions
Scistly sarbur Sickieped o e described. this product WILL CONTROL the foliowing
Acanthospermu” Cassia obkudilolia Sorghum hajepense ANNUAL WEEDS:
hispidum Rarey Mustard (tumble)
ROADLEAV Hordeum spp Sisymbrium aitissimum
Bidens bipinnata _ 'E"“N‘:ﬁ: l"ES do (sitveriaat) Oats (wild)
When applied as recommended under the conditions Aplxyn'um cannabinum  Soisnum elaeagnifolium Echinochloa crus-galls Ale.na fatua
descnbed for “Wiper Applicators’, this product SUP- Mikweed Thistie (Canada) Baxsia (fivehaok} Panicum
PRESSES the following weeds: ; ! Ascelepias syriaca Cirsium arvense Bassia hyssopifolia Panicum spp
: Bwegrass (annual) Pennycress (field)
ANNUAL BROADLEAWES Poa annua Thilasp: arvense
Dog fenne! Ragweed (plant) Brame Pigweed, Redroot
Eupatorium Ambrosia trifida i Bromus spp Amaranthus retrofiexus
capdlifohum Sonflower Chicitweed Pigwsed (smooth)
Ferida boggarweed Helianthus annuus i Stellara media Amaranthus hybridus
Desmodivm < Thistie (musk) ‘ Cockisbur Ragweed (common)
tortuosum Carduus nutans Xanthium pensylvanicum Ambrosia artemesifolia
Com (wolumeer) Ragweed (giant)
Ze2 mays Ambrosia tnhda
3 3
M PERENNIAL WEEDS 36
Cbgrass Rye Apply this product as follaws to control or destroy Bromegrass (smooth)  Orchardgrass
Drgitana spp Secaie cereale most perennial weeds: Bromus nermis Dactyhs glomerata
Faiceflax (smaliseed)  Rysgras (Halion)” NOTE: if weeds have been mowed or tilled, do not Cattail Paragrass
Camelina mucrocarpa Lolium multifiorum treat until regrowth has reached the recommended Typha spp. Brachiara mutica
F':‘M'? 5;“:’ tfield) stages. Clover (red) Quackgrass
MSINCRi3 Spp nChrys spp. Tnfohum pratense Agropyron repens
. Repeat treatments may be necessary to control 4 gropyron repe
Flaz -leaf flazbane Shattercane ; e f Y Clover (white) Reed canarygrass
| weeds regenerating from underground parts or seed
Conyza bonanensis Sorghum bicokor ! Tnfohum repens Phalars arungnacea
Repeat treatments must be made prior to crop !
Faabane Shophardspurse emergence. Dallisgrass Ryegrass (perennial)
Engeron spp. Capseila bursa-pastoris Paspalum diiatatum Lolwm perenne
Faztail Smartweed (Ponmayhania) When applied 25 recommended under the conditions Dendeli Sma .
described, ths product WHL CONTROL the following noelion rtweed (swamp)
Setaria spp. Polygonum PERENNIAL WEEDS: Taraxacum officinaie Polygonum coccineym
Gopundenl (cowmon) pensylranicum - Dock {curly) Sweet potato, wild
Senecwo vulganis Sowthistie . Nbita Kmpwesd Rumex crispus Ipomoea pangurata
Huersweed Sonchus oleraceus Medicago sativa Centaurea repens Dogbane (hemp) Toll fescoe "
Conyza canadensss Spmishavedies® ! Mighrond® Laxtans Apocynum cannabinum  Festuca arundinaceae
hchu_ Bidens bipinnata Altyrmacthens Lanta camara Fuscuns Toxas blueweed
Kochia scoparia Senfiower Phiiaeroides Wilkweed Festuca spp. Heliantnys cilians
Lombnquarters (comemen] Helianthus annuus Aricheke (Jerwsalem)  Asclepiss spp. Soinpagrss Thistle {Canada)
Chenopodium album  Thintle (Ruseian) Helianthus tuberosus  Mwhiy fwirestem) Panicum max:mum Cirsium sreense
Lattace (prichly) Satsola kali . Babisgrzn Muhlenbergia frondosa Mersanettic Timothy
Lactucs serriola Volwgtioat _ Paspalum notatum  Mellein (common) Solanum carolinense  Phieum pratense
Landon -cht Abutilon theophrasti Sermudagrass . Yerbascum thapsus Herseradish Torpedograss”
Srsymbrium 1o Woset (reigatoer) Cynodon dactylon Sapiorgran Armoracia rusticana Panicum repens
uziard (tasy) Triticum sestrvum Bindwoed {foid) Pennmsetum purpureum Johsongrass Yaseygss
Descuraina pinnata Comohvulus arversis  Mightahade (siiveriaaf) Sorghum halepense  Paspaium urwilla
“Apply 2 quarts of this product per acre. Blngran (Keatucky) Solanum eiaeagnifolium Kiksyugrass Wheatgrass (western)
Annual weeds generally will continve to germinate Pos 3pp. Retwdge (perpie, yetiow) Pennisstum Agropyton smithi
from seed throughout the growing sseson. Repeat Backerhrn Cyperus rotundus clandestinum Woollyleaf burtage
treatments may be necessary to control later pes- Pteridivm squilinum Cyperus esculentus franseria tomenlosa

minsting weeds Repeat treytments must be mede
prior o crop emergence.

*Partia! controi.
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Aiigztorwend — Apply 4 quarts of this product per o

acre of apply a 1% percent solution with hand- held.
equipment to prowide partial control. Apply when most
of the plants are in bloom. Repeat applications will by
required to maintain such control.

Bermwdagrass — For coatro!, apply 5 quarts of this
product per acre and for partial control, apply 3 quarts
per acre. Treat when bermudagrass is actively growing
ant seedhaads are present. Retrmatment may be
necessary to maintain control. Allow 7 or more days
atter application defore tiilage. See “Directions
for Use” and "Mixing and Appiication” sections of
this label for labeled uses and specific apphication
nstructions

Bluagrass (Kentucky) 7/ Bramegrass (smaoth) 7

Orchasdgrass — Apply 2 quarts of this product 1n 10 td.
40 gallons of water per acre when the grasses are o
treely growing and mast plants have reached boot-te-
early seedhead stage of development. For partial con-
uol 1n pasture or hay crop renovation apply 1 to 1%
quarts of this product plus 0.5% by tota! spray volurme
of norionic surfactant 1n S to 10 gallons of water par
acre Apply to actively growing plants when mast have
reached 4 to 12 inches in height. Aliow 7 or more days
atter application before tiflage See “Directions for
Use” and “Mixihg and Application” sections and
“PASTURES™ in the “Cropping Systems™ section of
this label for labeled uses and spegific application

instructions

k1

‘

Brackentern — Apply 3 to 4 quarts of this product
per acre 33 ¥ broadeast spray or a3 2 | to 1% percent
wlubon with hand-held equipment. Apply to fully
expanded fronds which are at lesst 18 inches long,

Canmada Thisthe — Apply 2 to 3 quarts of this product
per acre. Apply to actively growing thistles when most

ae at or beyond the bud stage of growth. AfteeT

/

oreest, movisy or tillage in the late summer or I*

“ aMow at 4 weeks for initialion of active growt
and development price 't the applicstion of
this product. Fall treatments must be appivd before 2
kifling frost Allow 3 or more days after application
before tillage. See “Directions for Use” and “Miuing
and Application’ sections of this iabe! for labeled uses
and specific application instructions.

Fisld Bindweed / Silverisal Mightshade / Toxas
Bwewend — Apply 4 to S quarts of this product per
acre west of the Mississippi River and 3 to 4 quarts per
acre east of the Mississippi River. Apply when weed is
actively growing and is at or beyond full bloom. For
silverieal nightshade, best results can be achieved
when application is made atter berries are formed Do
not treat when weed is under drought stress as good
foil moisture is necessary for active growth. New leaf
development indicates active growth. For best resuits,
apply in late summer or fall. Fall treatments must be
applied before a killing frost. Allow 7 or more days tter
application before tillage. See “Directions for Use”
and “Mixing and Application” sections of this tabe! for
labeied uses and specific application instructions
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Gsineagram — Apply 3 quarts of this product per acre
of use 2 ] percent solution with hang-held equipment.
Apply to actively growing guineagrass when most has
mached ot least the T-eaf stage of growth. Ensure
thomugh coverage when using hand-held quipment
Aliow 7 or more oays atter application before tilage
Sae “Directions for Use™ and “Muing and
Apphication” sections of this label for labeled uses
and specific application instruchons. )
Nemp Dogbane/Knapweed/Norseradish — Apply 4
Quarts of this product per acre. Apply when actively
growing and mast weeds have reached the lale bud {o
flower stage of growth. Following crop harvest or
mowing, allow weeds to regrow 0 2 mature stage prio:
to treatrnent For best results, 3pply in late summe or
fall. Allow 7 or more days after apphcation before
tillage. See “Directions for Use™ and “Miaing and
Apphication” sections of this labe! for labeied uses ang
specific application instructions

Jehnsongrass — Apply 1 to 3 quarts of tris proguct
per acre. In annual cropping systems apply 1 1o 2
quarts of this product per acre. Apply 1 quart of this
product plus 0.5 to } percent nonionic surfactant by
total spray volume in 5 to 10 gations of water per acre
Use 0.5 pescent surfactant concentration when using
swriactants which contain at lsast 50 percent aclfie
ingredient or 2 1 pascent surfactant concentration for

those surfactants centaining dess than 50 percent ac-

tive ingredient. Use 2 quarts of ttis product wher
applying 10 to 40 gahons of water per acre In non
Crop or areas where annuai lillage (no till) 1s not per

k]
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formed. apply 2 to 3 quarts of this product in 10 to 40
galtons of water per acre For best results. apply to
actively growing plants when most are at least 18
inches in height and have reached the bool-to-head
stage of growth Aliow 7 or more days after applica-
tion before tifiage Do not tank mix with residual herbi-
cides when using the 1 quart per acre rate. See
“Directions for Use” and “Mixing and Application™
-sections of this tabel for labeled uses and specific
applicat:on instructions
Lantans — Apply this product as 8 ] to 1% percent
wdution using hand-held equipment only. Apply to ac-
tively growing lantana at or beyond the bloom stage of
growth. Use the higher application rate for plants that
have reached the woody stage of growth. Aliow 7 or
moce days after application before tillage.

Milkweed {commen) — Apply 3 quarts of this product
per acre. Apply when actwely growing snd most of the
milkweed kes reached the fate bud to flower stage of
growth. Foliowing small grain harvest or mowing, atiow
milkweed to regrow to 2 mature stage prioe to treat-
ment. Aliow 7 or more days after application before
tillage See “Directions for Lse™ and “Mixing and
Application™ sactions of this labe! for abeled uses ang
specific application instructions.

Betredgr purple, yollow) — Apply 3 quarts of this
product per acre a3 8 broadcast spray, or apply a 1 per-
cent solution from hand-held squipment to control
aisting nutsedge piants and immature nutiets
atached to trasted plants. Treat when phants an in
fiower oc when new autiets can be fwnd at rhizome
tips. Nutlets which have not germinsted will mot be

s

controlied and may germinate foliowing treatment.
Repeat treatments will be required for long-term
control. Wait 7 days atter treatment before tillage.
Tillage will stimulate nutlet germination.

Qmackgrass — Apply 1 to 3 quarts of this product per
acre. in anaval cropping systems apply 1 to 2 quarts
of this product per acre. Apply 1 quart af this product
plus 0.5 to 1 percent nonionic surfactant by tota!
spray voluma in 5 o 10 galicas of water per acre. Use

.05 percent surfactant concentration when using sur-:.

Hactants which contain at least 50 percent active in-
gredient or 3 1 percent serisctent cencentration for
those surfactaats conteining less than 30 percent ar.
tive ingredient. Use 2 quarts of this product when

" appiying 10 to 40 galions of water pes acre. In pas-
tures. areas coming out of sod. areas which are not
tilled or areas where annual crops are not grown,
apply 2 1o 3 quarts of this product in 10 to 40 galions
of water per acre. Spray when quackgrass is 8 10 12
inches in height (3 to d-leaf stage) and growing Do
ot till between harvest and fall applications or in the
fall or spring prior to spring applications. Aliow 3 or
more days atter application before tiflage. Do not tank
wix with residual herbicides when using the 1 quart
per acre rate. See “Directions for Use” and “Mixing
and Application™ sections of this labei for labeled
wses and specific application instructions,

Soed Comaryprans / Ryvgroos (porsanial / Timebhy /

- Watgrans (western} — Apply 2 1o 3 quarts of this

product per acre. For best results, spply to actively

-~ growing plants whan most have reached the boot to

Aoad stage of growth. Allow 7 or more days akter ap-

_' 41
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plication before tillage See “Directions for Use™ ang
“Muung and Application” sections of this Iabel for
beled uses and specific application instructions.

Swoet Potato, Wild — Apply this product as 2 2% solu
tion using hand-heid equipment. Apply to actwely
growing weeds that are at or beyond the bloom stage of
growth. Repeat appiications will be requiced. Aflow the
plant fo reach the recommended stage of growth
before retreatment Aliow 7 or more days before tillage
Toll Fescwe — Apply 3 quarts of this product in 10 t0 40

gaHlons of water per acre to actwely growing plants ‘

when most have reached boot- to-early seedhead stage
of deveiopment. For partial contro! in pasture or hay
renovation apply 2 quarts of this product plus 0.5% by
total spray volume of nonionic surfactant 1n 5 1o 16
gations of water per acre Apply to actively growing
plants when most have reached 4 1o 12 inches in
height. Allow 7 or more days atter apphication before
tillage. See “Directions for Use™ and “Mixing and
Application™ sections and “PASTURES™ 1 the “Crop-
ping Systems™ yection of this labe! for labeled uses
snd specific application instruction

Tocpadograss — Apply & to 5 quarts of this product per
acre to provide partial contro! of torpedograss Apply to
actively growing torpedograss when most plants are at
o beyond the seedhead stage of growth Repeat
applications will e required to maintain control. Fail
trestments must be applied before frost Allow 7 or
more days atter application before “illage See “Direc-

“tions tor Use™ and “"Mixing and Application” sections

of this Labe! for labeled vses and specilic application
mstructions

.-
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Wirestom Muhly/Kikayegrans — Apply 2 to 3 quarts of m""‘ (V- Samonbery
this product per acre. Spray when most kikuyugrass or WOODY BRUSH AND TREES wis commngmines  Rubus mb'“s
wirestem mubly 15 ot least 8 inches in height (3 or 4 Wher applied 25 recommended under the conditions { Dewbeny Sasuatms
leaf stage of growth), and actively growing. Do nat fall descrioes, thn poduct CONTROLS o PARTIALLY ] Rubus trivialis Sassafras aibidum
plow or spring till prio to spring appircation. Allow 3 o1 CONTROLS the following woedy heush plasts and Bdarbarry owed® —
more deys after application before tiflage. See “Direc- {rees: I Sambucys $pp -t Srplendam apaten 4
hons for Use™ and “Muxing and Application™ sactions Nt Maltifons Rese | b= ‘ : s':'_”: .
of this tabe! for labeled uses and specific application Anus $p. Ross multifiora Bimss s, oon
instructions. . Higrthorn Rhus verms
e . - Ook;  Coataopm 309 Smeoth* -
Wesllybeel Bursage — For controt apply 2 quarts of this . Fraxinus o0, Black* v Rhus glabra
product plus 1 pint of Banvel™ per acre. For partial Axpon (quaking Quercus veluting Corylus $0p. Winged®
control apply 1 quart of ths product plus 1 pint of , Popuius temuloides  Ncrthern Pin l Hameysuchle Rhus copaliing
Banve! per acre. Add 0 5% nonionic surfactant by totat ” ‘ Quercus 9:'?’ 15 Lonicera spp Sweelgum
ptay wolume and apply 3 1o 20 gallons of water per Setula 9. 'm, ; Aedn Liquidambat styracifiua
acre. Apply when plants are producing new active Sactbery R L *“ i Pueraria lobata Swordtem*
growth which has been initisted by moisture for at i Rubus spp. L ' Lacwst® Plack) Polystichum mumitum
least 2 weeks and when plants are at ot beyond flower- Cascan® Quercus rubra Robinia pseudoacacia  Thimbleberry
ing See “Durections fot Use" and “Mixing and Appiicay, -~ Rhamnus purshiana Seuthern Red Maple: Rubus parviliorus
tion” sections of this fabe! for labeied uses and’ Comnpthun: - Quercus falcata Red” Tumpet Craeper
specific apphcation instructions. : W/ White® Acer rubrum Campsis radicans
Dther porenninis fisted on this tabel — Apoly 3 10 5 Conothin Quercus aiba | Segw Witiow
quarts of this product per acre. Apply when actively »itteguoi o Penimmon ‘ Acer saccharum Salix spp
growing and most have reached early head or earty bud Bplie 57 ' Diospyros spp. Vine®
stage of growth. Allow 7 or more days after apphication Ceanothas eus Poison iy Acer circinatum
befcre tillage See “Directions for Use™ and “Mixing : Cherry: / P::: ‘;::ncans *Partial control
and Apphication sections of thxs‘hbel for labeled uses i %’m/v b Rhus touicodendron **See below for Control or Partial Contro!
and specific application instructions. ‘ Back smargats Popiar* tyeliow) instructions
Prunus serotina Liriodendron tulipifera
! Pin Raspberry
- e} Prunys Pensylvanica  Rubus spp &5
l | ider/Blackberry/Dewberry. Honeysacile/ Peabfied/
% Raspberry — For control. apply 3 to 4 quarts per acre a2

NOTE it brush has been mowed or tilled or trees have
been cut. o not treat until regrowth has reached
the recommended stages of growth.

Apply this product when plants are actively growing.

and unless otherwise directed, after full Jeat expan-

ston Use the higher rate for {arger plants and/or
dense areas of growth On vines, use the higher rate
for plants that have reached the woody stage of
growth Best results are obtained when application is
made in late summer or fall after fruit formation.

Ensure thorough coverage when using hand-held

equipment. Symptoms may not appear prior to frost or

senescence with fall trextments.

Aliow 7 or more days atter application before tiliage,

mowing or removal. Repeat trestments may be

necessary to control plants regenerating from
underground parts or seed. Some autumn colors on
undesireble deciduous spocies sre scoaptable pro-
wnded no major leaf drop has occumed. Reduced per-
formance may resull il fll veatments are made.”
fotiowing » frost.

See "Duections for Use”’ and “Mixing Apphication”

sectons of this label for labeled uses and specific

application instructions.

Apply this product as foliows to control or partially

control the following woody brush and trees.

of this product as a broadcast spray or as a } to 1%
percent solution with hand-helg equipment.

Aspen (quaking) ¥ Bittar / Black Cherry /
uz;:in Cherry/Southern Red Ouk/Sweetgum/

. Trumpet Creaper — For contro!, apply 2 to 3 quarts of

this product per acre as a broadcast sprayorasa 1 to
1% percent solution with hand-held equipment
Elderberry /Mplal/ Saimenberry/ Thimbleberry
~ For control, apply 2 quarts per acre of this product
& » brosdeast spray or as a 1 percent solution with

hand-heid gquipment.
MJ‘T-W control, apply a 1% to 2 percent

wivtion with hand-held equipment when at least 50
percent of the new leswes are fully developed.

Kedzy — For control, apply 4 quarts of this product
per acre as 3 broadcast spray ot 83 & 2 percent solution
with hand-heid equipment. Repeat applications will
be required tv maintain control.

Weltiflers Rae - For comirol, apply 2 quarts of this
product per acre as o broadcast spray or &3 s | percent
solution with hand-held squipment. Treatments
should be made prior to leaf deterioration by leal-
feeding insects.

Poison Ivy/Poinsn Ouk — For control. spply 4 to 5
quarts of this product per acre as 3 broadcast spray or
& 8 2 pescent miution with hand-held equipment.
Repest applications may be required to maintain con-
trol. Fall trestments must be applied before leaves
lose green color.

q

Rod Maple** — For controt, apply as a | to 1% per-
cent solution with hand-held equipment when at least
50 percent of the new leaves are fully deveioped

For partial control. apply 2 to 4 quarts of this product
per acre as a broadcast spray

Sugyr Mapie/Northern Pin Oak/Red Oak — For con:
trol, apply as a 1 to 1% percent soiution with hand-
held equipment when at feast 50 percent of the new
feaves are fully developed

Willow — For control apply 3 quants of this product
per acre 35 3 broadcast spray or as a 1% solution with
hand-held equipment

Other Woody Brush and Trees listed on this labe!™ —
For partiat control, apply 2 to 4 quants of this product
per acre as 3 broadcast spray or as 2 1to 132 percent
solution with hand-held equipment Apply when
plants are actively growing and atter {ull tea! sxpan-
sion. Use the hogher rate for larger plants and. or
dense areas of growth Best results are achieved when
application is made in late summer or fall after frun
formation. Fail treatments must be appled before a
killing frost. Symptoms may not appear prior to trost
or senescence with fall treatments



DIRECTIONS FOR USE

it 15 3 nolation of Federa! law to use this product in
any manner mnconsisient with its labeling.

- NON-CROP USES

See “General Information” and “'Mixing and Applica-

tion Instructrons”™ sections of this label for essential

product performance information and the koliowing

NON-CROP SECTIONS for specific recommended

uses ]

EXTREME CARE MUST BE EXERCISED 1O AVQID

CONTACT OF SPRAY WITH FOLIAGE OF DESIRABLE

TURFGRASSES, TREES, SHRUBS. OR OTHER

DESIRABLE VEGETATION SINCE SEVERE DAMAGE OR

DESTRUCTION MAY RESULT.

NOTE If spraying areas adjacent to desirable plants.
use 3 sheld made of cardboard. sheet metal or
plyboard while spraying to heip prevent spray from
contacting foliage of desirable plants

Repeal treatments may be necessary to control weeds

tegenerating from underground parts or seeds

Roundup herbicide does not provide residual weed

control For subsequent weed control, foliow a label

3pproved herbicige program.

Read and carefully observe the cavtionary statements

and all other informatipn appearing on the labe!s ol ali

herbicides used

| |

INDUSTRIAL, RECREATIONAL
AND PUBLIC AREAS

When applied as directed for "Non-Crop Uses™, unde:
conditions described, this product controls annyat
and perennial weeds listed on this labe! growing in
are2s such s mirports, ditch banks. dry ditches, dry
canals, fencerows, golf courses, mghways. industnal
plant sites, lumberyards, parking areas. parks.
petroleurs tank farms and pumping instatlations,
pipeiines. power and telephone nights-of-way.
raiiroads. roadsides, schools, storage areas. other
public areas and similar industrial or non-crop areas

For specific rates of application and instructions for
control of varous annual and perennia! weeds and
woody brush and trees, see the “Weeds Controlled™
section of this iabel.

This product may be spphed with recirculating
sprayers, shielded applicators, or wiper apphicators in
any non-crop site specified on this labe! See the
“Selective EQuipment” part of "APPLICATION EQUIP-
MENT AND TECHNIQUES™ section of this fabel for
information on proper use and cahbration of this
equipment,
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TANK MIXTURES
NON-CROP SITES

When applisd a3 a tank mixture, this product pronges
control of the emerged annual weeds and partial con-
trol of the emerged perenniai weeds iisted in this labe!
When applied as a tank mixture. the foliowing residuat
herbicides will provide pre-emergence control of the
weeds ixted tn the indwvidua! product labels -

[ | ROUNDUP® plus KROVAR™ ! B
| ROUNDUP plus KROVAR I a
B ROUNDUP plus PRINCEP™ CALIBER* 90 @
] ROUNDUP plus PRINCEP 4L n
| ] ROUNDUP pius PRINCEP BOW n
| | ROUNDUP plus SURFLAN 75W

When tank mixing with residual hesbicides adc an
agriculturally approved nonionic surfactant at 0.5% by
volume of spray solution. See the “Mixing 2n6 Apphica-
tion Instructions” section of this fabel before prepar-
Ing these tank mixtures

Read and carefully observe the label claims. cautipnary
statements. recommended use rates and al! other -
formation on the bels of all products used in thess
tank mixtures. Use according 10 the most restrictive
{abel directions for each product in the mixture

95 ‘ 51
i
{
)
I Mix only the quantity cf spray solution which can be l 7]
g vsed during the same day Do not aliow these tank
muxtures 1o stand overnight as this may result in
reduced weed control.
CONTROL OF EMERGED WEEDS APPLY THESE TANK MIXTURES THROUGH CONVEN-
Anouai Weeds — Apply 1 quart per acre of this product TIONAL BROADCAST EQUIPMENT ONLY FARMSTEAD WEED CONTROL

n these tank mixtures when weeds are jess than 6
inches tall and 1.5 quarts per acre when weeds are
more than 6 mches tall

Parennisl Weeds — For partial control of perennial
weeds using these tank muxtures apply 2 to 5 quarts
per acre of this product Follow the recommendations
i the “Weeds Controfled” section of this label for
stage of growth and rate of apphcation for specilic
perennial weeds.

PREEMERGENCE WEED CONTROL

The following sre the labeled rates for the recom-
mended resdual herbicides for non-crop uses:

PRODUCT RATE 7 ACRE
Krowar | 4106 ibs
Krowar 1] 2to5ibs
Princep Caliber 90 5.3 to 11.] tbs.
Princep 80W 6o 12% bs
Princep 4L 4810100 qts. -
Surftan 75w 2% to 5% Ibs.

Reter I the individusl product labels Sor apacific
waRCrep sites, ratas, carrier wlumes and pracaution-
oy srements,

™Krowar 15 atrademark of £.1 du Pont de Nemours and Company
™Princep13a of Ciba- Gergy Corp

™Caltber 15 3 trademark of Ciba-Gergy Corporation

®Surtlan 13 2 trademan of Elanco Products Company

] Tank Mixture ]
] ROURDUP® PLUS BANYEL ]
Uie in GROUND APPLICATION EQUIPMENT ONLY

Rafer to the specific product tabels for cautionary
statements of all products used in these tank
mixtures.

See the “Control of Perennial Weeds™ part of the
“Weeds Controlied”” section of this labe! for the weed
owth stage needed to obtain best results.
Apply 2 quarts of this product and 0.5 pound a.i. of
Bame!™ in 10 to 20 galions of water per acre
When applied as directed under the conditions
described, this product plus Banvel, will control the
foliowing perennial broadiea! weed:

Dindweed {finid)

Cormolvylus srvensis

lammi 1 2 tracemark of the Yohuco! Chamuca! Company

N

When applied as directed for “Non-Crop Uses ™ under
conditions described. this product controls undesir-
able vegetation listed on this label around farmstead
buitding foundations, along and in fences. sheiter-
belts. and for general nonselective farmsteag weed
control.

For specific rates of application and instructions for
control of wrious annual and perennial weeds, see the
“Weeds Controlied ™ section of this label



ORNAMENTALS

THIS PRODUCT IS NOT RECOMMENDED FOR USE
AS AN OYER-THE-TOP BROADCASYT SPRAY IN

Poct Directed Spray — Use a3 2 directed spray toward
the base of established woody oraamentais species
isted below.
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SILVICULTURAL SITES
RIGHTS-OF -WAY
and CHRISTMAS TREES

NOTE: MOT RECOMMENDED FOR USE AS AN OVER-
THE-TOP BROADCAST SPRAY IN SILVICULTURAL

|
3
ORNAMENTALS. Mtu Likac g WURSERIES, OR CHRISTMAS TREE PLANTATIONS.
When applied as directed for the conditions described Fughds Smta spp. i When applied as dirscted for “Non-Crop Uses” undes
for “Non-Crop Uses”, this product controls undesir- ) gadnm described, this product controls snde-
abie vegetation listed on this labe! pror to planting Rbododendron spp.  Magmolia spp. ) mhhm;mm ksted o::ns ;ebel. This pm?;ct dnm
. . . Sexwood “‘ ¢ SUPPrEeses o1 comrols un. rabie vegetation
:ln:::::: z':em::: ::dmwﬂ!ﬂﬁ’s.;hd e c Bux:;hspp. Acer s0p. this fabe! when applied st recommended r;!:s z
For specific rates of application and instructions for Malus spp Quercus spp m’ of esablished conterous species fsted on this
?nntml of wrious '.’.' nuallland peren al weeds, see the Eveaymus M" For :ﬁcihc rates of apphication and instructions for
Weeds Contrlled " of ths labe! . s $pP- Ligustrum spp control of vanous brus;!J pmnual and perenmli':":eds
Where repest applications sre mecessary, do not Fu Pime the Controlied” { this label Fo
exceed 10 6 quarts of this product per acre per year Abies spp Pinus spp et .’:: at sf cat ::cm:: N ": abe! For
Sits Proparation — Foliowing preplant applications of Pseudotsuga spp. Sprace ! o0 3P “non o s ?- isted con
| © Picea spp. ferous species, see the “Conifer Release” part of ths
this product, any ornamental species may be planted. section of the label
Precautions should be taken o protect non-target Hlex spp. Yow on o
plants during site preparation applications. Taxus 5pp. m;ﬂ: ;:Pt::f;fr‘:;:;"p:’e ::'ge?::: et
Groenhouss / Shadehouse Use — This product may be ' - .
. . Awrial Application — This product may be applied
hi ! .
it o v et 1 il et e sy 0 sy e b o g
be present during apphication and air circolation fans m"bsz't::"_',zp"‘k:sn ‘E“:m’:n"::'t";';';:::}‘
d oft ' ments. 3
must be turned o | ques” part of the “Mixing and Application” saction of
! this label for information on how to properly spray this
product by an
L) 57
58 E 60
‘ ] CONIFER RELEASE ]
| SITE PREPARATION n For reiease. spply only where comfers have been

Da not apply this product by air to nights-of- way sites
in Catiformia

In order to reduce the drift hazad to non-targeted
plants and aquatic species when making serial ap-
plicatiuns. maintain the following butfer ones:

1 Do not apply this product within 200 feet of any
agricultural. horticuitural, park. golf course.
homestead or any populated areas.

2. For spplications using more than 2 quarts per acre
of this product, do not apply within 125 feet of
lakes, ponds and streams used for significant
domestic purposes of angling.

3 For apphications using 2 quarts or less per acre of
this product, do not apply within 75 feet of lakes,
ponds snd streams used for significant domestic
purposes or angling.

4. When msaking applications on nghts-of -way from 75
foet o more above ground level, do not apply within
400 feet of any agricultural, horticuttural, park, golf
course, homestead, populated aress, (akes, ponds
and streams used for significant domestic purposes
or angling. .

Following preplant applications of this product, any
silvicultural species may be planted.

] POST DIRECTED SPRAY ]

In estabitshed sitvicuttural sites. use as a spray on the
foliage of undesinble vegetation. Care must be exer-
cised to avoid contact of spray, drift or st with
foliage or groen bark of desirable species.

established for more than one year Vegetation should
not be disturbed prior to treatment or until wisual
symptoms appear after treatment Symptoms of treat.
ment are Slow to appear, especially in woody species
treated in fate fall. injury may occut to conifers treated
for release, especially where spray patterns overlap or
the higher rates are applied or when applications are
made during periods of active conifer growth

Apphications must be made after formation of final
conifer resting buds in the fall or prier to inctial bue
swelling in spring. Some autumn coiors on undesirable
deciduous species are acceptable provided no majpr
leaf drop has occurred Use the following rates for con-
ifer relesse to contro! of partially control the weeds
Nated in the "Weeds Controlled"’ section of this fabe!

For reloam of the feliowing conifer species:

Songim i Pions*
Pseudotsugs menziesii  Pinus spp

P Spruce
Abies spp. Picea spp
Bugs spp

*includes all species except Eastern White Pine
Loblolly Pine or Stash Pine.

Apply 1% to 2 quarts of this product per acre except
west of the crest of the Cascade Mountains For spring
treatments west of the crest of the Cascade Mountains
apply 1 quart of this product per acre before conifer



"dud sweli for contro! of annual weeds. for fall
tmtments west of the crest of the Cascade Moun-
tams, apply 1 to 1% quarts of this product per acre
before any majpr lesf drop of deciduous species.

For release of western bemiock apply 1 quart of this
product per acre.

For relemse of the following contier speties:
Lablelly Pine Seh Pien
Pinus taeda Piaus elliottii
Esstors Whits Pine

Psys strobus

Lote Semen Application — Apply 1% to 2 quarts of this
product n 3 mimimum of 5 galions of spray solution
et acre during early autumn. Applications made prior
to September 1 or when conditions are conducive to
napid growth of conifers will result in potential for
creased injury in the form of tip and / or needie burn.
fnjury may decrease with later applications. Some
autumn colors are acceptabie at time of application
Apply prioi to frost or leat drop of undesirable plants
Applications made according to label direction will
refease Loblolly Pine. Eastern White Pine and Slash
fine by reducing competition from the following
species

o

Pensimmon
Fraxinus spp. Diospyros spp.
Chemy: Paplar {yeliow}
Biack b Liriodendron tulipifera

Prunus serotina

I,

Samains
s Sesatnas albidy
Pry } i

| ,Wu a-u "
3 '!,,h; gnu Samac:
Houtaees

e Peison
m oo, Rhus vernix
. Loowst (olbel) Smesth
Robina paeudoacacia Rhus glabea
Bapie (red) Wiaged
Aces rubra Rhus copatiing
Oak: K _ W4
Bk © Liguidamber styraciflua
Quercus velutina
. Pt o
© Querew stefiata
Seuthers Red
Quercus falcata
White

Quercus alba
Apply only to those sites where woody brush ang trees
hsted n this label constitute the majprity of the
undesirable species
WOTE TO USER

This product must not be used in areas where acverse
impact on Federally designated endangered / threat.
ened plant o aguatic species is fikely

Prior to making applications the user of this product
must determine that no such species are Jocated in or
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B WUECTION AND FRILL APPLICATIONS | |
Woody wegetation may be controlied by injection or frli
application of this product. Apply this product using
suitadle squipment which must penetrate into Iving
tissue. Use this product without difution and apply at
dest ] ;i (1/29 az)of Merbicide solution for each 2 to
3 imches of trunk dismeter breast height (D3H). Space
applications evenly around the circumference of the
trunk. Application should be made duning periods of
actwe growth and full leaf expansion. -

This treatment WILL CONTROL the following woody
species
Oak Sweetgum

Quercus spp. Liquidambar styracitiva

Sycamore

Populus spp Platanus occidentahs
This treatment WiLL SUPPRESS the following woody
gecies’

Back gum
Nyssa symatica Garya spp
Dogwend Mapie (red)
Cornus spp. Acer rubrum

8l mmediately adjacent tc the area 10 be treated &
6 Where existing vegetation is growing under mowed &
turtgrass management, apply this product after omit.
TURFGRASSES ANDC GRASSES ting at least one regular mowing to allow sulficient

FOR SEED PRODUCTION

B PREPLANTANDRENGVATION W

When applied as directed for “"Non-Crop Uses,” under
condrtions described this product controis most
existing vegetation pior 1o the planting or renovation
of either turfgrasses or grass seed production areas.
For specitic rates of apphcation and instructions for
control of vanous annual and perennus! weeds, and
wnody brush and trees, see the “Weeds Controlied”
waction of this fabel.

o mmimum control of existing vegetation, delay
panting to determine if any regrowth from escaped
waderground plant parts occurs. Where repeat
treatments are necessaty, sufficient regrowth must be
sttained prior to application. For warm-season
grasses, such a3 bermudagrass, summer or fafl
DO NOT DISTURB SOIL OR UNDERGROUND PLANT
PARTS BEFORE TREATMENT. Tillage or renowation
techniques such a3 vertical mowing, conng or shicing
hould be deigyed for 7 days after application to stiow
proper transiocation ity uaderground plant perts.
TURFGRASSES

Where existing vegetstion = growing in a field o
wnmowed sitution, apply ths product o actively
growing weeds at the stages of growth given in the
“Weeds Controlied” section of this abel.

growtth for pood interception of the spray.

Desirable turigrasses may be planted foliowing the
above procedures.

GRASSES FOR SEED PRODUCTION

Apply this product to actively growing weeds st the
stages of growth given in the “Weeds Controlied”
section of this label prior to planting or renovation of
turf or forage grass areas grown for seed production.
DO NOT feed o graze treated aress within 8 weeks

| ANNUAL WEED CONTROL !N u
DORMANT BERMUDAGRASS TURF

hllhq-h-nu)-miﬁpint(lz fl.
az) of ths product plus 0.5% by Wbl spray woiume
senionic surfactsnt in § to 20 galions of water per
m.lwlicaﬁontnmlmin; annauval bluegnass
um:umwmmﬁmuummm
iﬁathncfbumuda(rnmupiuthspring.

-1

|
!

ROADSIDE BERMUDAGRASS
RELEASE

When appied as directed for “Non-Crop Uses™ this
product will provide partial control of rhizome
Johnsongrass in bermudagrass growing on roadsides
See the “Johnsongrass” part of the “WEEDS CON.
TROLLED section of Roundup “Compiete Directions
for Use” bookiet for the correct growh stage and
mecific application conditions needed to obtain best
results

Use 1.0to 1.5 quarts of this product in 10 1o 40 gallons
of wate: per acre. Appiy to Johnsongrass growing on
roedsides where bermudagrass (common and coastal
varieties) exists and is desired for ground cover
Bermudagrass injury may result from trestment, but
regrowth will occur under morst conditions. Repeat
soplications during the same seasor are not recom-
mended, since severe bermudagrass injury may result




T

~ CROPPING SYSTEMS |

See "Genena! Information™ and “Mixing and Applica-
ton instructions’ sections of this iabet for essenna!
product periormance information.

See the foliowing CROPPING SYSTEM SECTIONS for
specific mcommended uses

EXTREME CARE MUST BE EXERCISED TO AVOID
CONTACT OF SPRAY WITH FOLIAGE, GREEN STEMS OR
FRUIT OF DESIRABLE CROPS, PLANTS, TREES OR
OTHER DESIRABLE VEGETATION SINCE SEVERE
DAMAGE OR DESTRUCTION MAY RESULT.

Repeat tregtments may be necessary to contro! weeds
regenerating from under ground parts or seed. Except
as otherwise specrfied on this Iabel, repest treatments
must be made before the crop emerges 1n accordance
with the instuctions of this label.

£xcept as otherwise specified in 3 Crop section of thrs
fobe! the combined tota! of all treatments must not ex-
ceed § quarts per acre of ths product per year.

Do not ptant subsequent crops other than those on the
dabe! for one year foliowing application.

Du not graze treated cotton fields or feed treated cotton

forage to tivestock For other cropping systems, excapt

foliowing spot treatment in forage grasses and legumes,
do not harvest or feed treated crops for 8 weeks after
apphcation Allow 14 days foliowing spot trestment or

selective equipment dbe befors graring domestic live

stock or nimstin‘g forage grasses and legumes

[~ |
When applied as directed for "Cropping Systems™,
under the concitions described, this product controls
snnual and perennial woeds ksted on this kabel, prior
o the emerpence of these crops
~RLFALFR ° ALE

ARTICHOKE LENTILS

(JERUSALEM) AETTUCE
BARLEY* ~MUSTARD

~BEANS (All) GREENS

_BEET GREENS . OATS*
BEETS ~OKRA
(Red, Sugar) ONION
BEROCCOLI  .PARSNIPS
CABRAGE PEANUTS®
" CARROT - PEAS (All)
-CAULIFLOWE TATO
-CELERY (Irish, Sweet)
_CHICORY ~RADISH
_CORN (AID* RICE**
COTTON® ARUTABAGA
FORAGE - ‘SORGHUM
GRASSES*  (Milo)*
FORAGE ', /.SOYBEANS®
LEGUMES?" ~SPINACH
_ HORSERADISH . WHEAT*
*Spot trestments may be appiied in these crops.
**Do not treat nce fields o levees when the fields
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Spet Trastmort (Only those crops with ™*" can be spot
treated) — Applications in growing crops must be
made prics to heading of small grains and milo, initia!
pod set n soybeans, siliung of corn. boil opening on
cotton snd pegging of peanuts.

For forage grasses and forage legumes see Spot Treat-
ment in the “Pastures” section of "CROPPING
SYSTEMS™ in this tsbel.

For dilution and rates of application using Boom or
Hand-Held Equipment, see “Mixing 3nd Application”
and “Weeds Controlled ™ sections of this labe!
NOTE: FOR FORAGE GRASSES AND FORAGE
LEGUMES, MO MORE THAN ONE-TENTH OF ANY ACRE
SHOULD BE TREATED AT ONE TIME. FOR ALL OTHER
CROPS, DO NOT TREAT MORE THAN 10% OF THE
TOTAL FIELD AREA TO BE HARVESTED.

THE CROP RECEIVING SPRAY IN YREATED AREA WiLL
BE KILLED. TAKE CARE TD AVOLID DRIFT OR SPRAY
OUTSIDE TARGET AREA FOR THE SAME REASON

Salective Equipment — This product may be apphizg
through recircuiating sprayers, shieloed apphicators,
of wiper applicators in cotton and soybears Sheelded
and wiper applicaiors may also be used in tree crops '
and grapes. Wiper spphcators may be used in parsnips S
and nasbages. Wiper applicators may be used in for
:::s o333 and forage legumes including pasture

See the “Selective Equipment” part of the "APPLICA.
TION EQUIPMENT AND TECHNIQUES " section of this
tabe! for information on proper use and calibration of
this equipment

& contain fiood water. 8
) NOTE: Select and use recommended types of spray n
Aliow al least the tollowing fime intervals between equipment for post-emergence post harvest applica:
2pplicalion and harvest tions A directed spray ts any application where the FALLOW AND REDUCED
spray pattern is aligned in such 3 way as to avoid TILLAGE SYSTEMS
Cotton Soybeans. . .................. Tdays direct contact of the spray with the crop. A shielded
Apples. Avocado. Cherry, Citrus spray i any application where 3 physical barrier s FOR AERIAL APPLICATION IN CALIFORNIA, REFER T0
Grapes, Parsnips, Pear pesitioned and maintained between the spray and SUPPLEMENTAL LABEL.
Rutabages. Stone Frunt ... ............. 14 days the crop to prevent contact of Spray with the crop. EMERGED ANNUAL WEEDS
Nutlmops . .. . o 21 days Use this product in fatlow and reduced tiliage Systems
CRANBERRIES prior to the emergence of crops hsted In this label
ASPARAGUS R— may be used i cranbernes in Refer to specific product labels for crop rotation

When apphed as duected for “Cropping Systems”
unger the conditions described, this product controls
weeds listed on this fabel in asparagus.

For specific rates of applicstions sed instruchons for
contro! of various annual and perennisl weeds, se the
“Weeds Controlied™ section of this iabe!.

Priot to Crap Emergence - Apply this product prior to
crop emergence for the control of amerged habeled
amnual and pereanial wends. DO NOT APPLY WIiTHIN A
WEER BEFORE THE FIRST SPEARS EMERGE.

Post Hurvast — Apply this product after the last
Servast and all spears have been removed. Hf spears
e allowed to regrow, delay application untii ferns
harer developed. Detayed treatments should be spplied
& 3 dirscted or shisided spray in order to swoid con-
fact of the spray with forns, stems or spsers. Dirsct
contact of the spray with the asparages may result in
s80US CTOP iNjury.

accordance with instructions in this section.

See “General Information” and ‘Mixing and Applics-
tion Instructions” sections of this isbe! for essential
product performance information.

Sae the “Selective Equipment’ part of the “APPLICA-
TION EQUIPMENT AND TECHNIQUES™ saction of this
fabe! for nformation on recommended: use and
calibration of this equipment. .

Fes Wick or ather Wiper Applicalans — Mix | gailon of
this product in & gelions of water 10 prapere a 20 per-
oot woictine. Apply the WITon o0 smerged woeds.
Apply sfe cranberry fruit set and o lates than 30
days before harvest.

Ia sevorr infeststions, reduce equipment ground
apuad to insure that adequate amounts of this product
are wipdd on the weeds. A sscond traztment in the
ppasite direction mey be beneficial.

Do wot permit herbicide solution to contact desirable
vegetrton.

7

restrictions of alf products recommended for tank mix-
ing a3 outhined in this section,

This produc! does net provide residual weed control,
therefore, Gelay herbicide apphications until maximum
emergence of annual weeds, but before weeds are
greater than 6 inches Il Reduced control may be
observed when application is made to weeds which
have been cut to less than 6 inches talt

Awid spraying when weeds are subject to motsture
stress, when dust is on foliage, or when straw canopy
overs the weeds.

This product may be applied using ground or aercal
spray equipment for weed control in fallow or reduced
tilage systems. See the “Application £quipment and
Techniques” section of this label for instructions
For Ground Appiications: Apply in 3 to 10 gallons of
water per acre,

Fear Marial Applications: Apply 1n 310 5 galions of water
per acre.

Mixing Instractions: Fill spray tank with the required
amount of water, Add the recommended amounts of
herbicide and surfactant, and mix weli before using



SPRAY SOLUTION RATE TABLE
Nonionic Surfactant Rate
Vplume fl. oz. 7 acre
gations / sere 05% 1% .
3 2 4
5 32 64
10 65 |'13

“Mazimum serial application volume.

Wnen spphed as directed under the conditions
described for fallow and reduced tillage systems, this
product, plus an approved agricultural nonwonic sur-
factant will cpatrol the following emerged annual
ereeds Use 0.5 percent surfactant concantration wige
Fning surfpctants which contain at least 50 percent &-
twe ingredient or 3 } percent surfactant concentration
for those surfactants containing less ten 50 percant
actie ingradrent.

,
Apply & pint of thrs product plus 0.5%p 1 percent non- J

wnic surfactant by totai spray volume per acte to con-
ol the foliowing emerged annual weed
Foxtaily
Setaria spp
Apply % pint of this product plus 0.5 to ] percent non-
wnic surfactant by total spray wlume per acre to con-
trol the foliowing emerged annual weeds:

B

Sacley {wolenteer) Bastard {wid)

Hordeum wulgare Brassica kaber
Barmyerdgrens e

Echinochios crusgalli  Sacale cereale
Holosteum ynbeliatum  Evageontis cllioneiisis
Hustard (bive} Whest

Chorispors tenella Triticum sestvum
*For control in so-till aysiees wee 16 fiwid ounces per
‘>

Apply 1 pint of this product plus 0.5 t0 1 percent non-
ionic surfactant by tota! spray wolume per acre to con-
tral the additional emerged annual weeds:

L)

Sulbons bluegrrn Lontden Reckst
Pos bulbosa s/ Sigymbrium irio
[- Outs {wild)
Gerastium nyium Avena fatua
Caciabur Pomaycress (finld),
Xamthium Fanweed
pensylvanicum Thiaspi srvense .
Cabpam Pgosed hebst v
Digitaria spp. Amaranthus retrofiexus
Faeftax fsmaltseed} Ryspram (anmal)

Camelina microcarpa |, Lolium multitiorum

Srnndeel icommec) i} Shapherispurse /
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" TANK MIXTURES ]
B ROURDUP® phes NONIONIC SURFACTANT W
phas BANYEL
] BOUNDUP ROKIORIC SURFACTANT @
phes 2,4-D AMIKE

DO NOT APPLY BANYEL OR 2.4-D AMINE TANK MIX-
TURES BY AiR IN CALIFORNIA.

The addition of Banve! in a muxture with this product
may provide short-term residual controt of selected
weed species. Some crop injury may occut if Banvel is
applied within 45 days of planting. For use instruc-
tons, refer to Banvel kabe!. -
These recommended Bnk mixtures may be applied
wsing ground of aerial spray equipment. Use ealy the
fofiowing recommended rates of Roundup in these
taak mixtures See the “Appheation Equipment and
Techniques' section of this labe! for mstructions
Maing imstrectioac Fill the spray tank with the
required amount of water Add the recommended
amounts of herbicide an¢ surfactant, and mix well
before using.

This product plus Banve! or 2.4-D amine wili contro!
the annus! grasses and broadiest weeds previously
Fsted for Roundup slone (except » pint apphcations)
plus the foliowing broadieaf weeds For those weeds

Poa annua .[:c.::mn pinnata m:: il § m-mjplstous previously listed at ‘A pint per acre. use the % pint
Brome (dowmy)® Mastard (tambdie) Serghum h,;,;yg Panicom capitiare fate in these tank mixtures.
Bromus tectorum  * Swsybnum altissimum lambsquarters
i Chenopodium 3ibum S
76 73
EMERGED PERENNIAL WEEDS PASTURES

Apply % pnr of this product plus 0.25 b ar of
Eanvel plus 0.5 to } percent ponionic surfactant by
1ota! spray volume per acre to control the foliowing
‘broadieaf weeds,

Kochia Pigweed, Redroot
Kochia sCopana Amaranthus retroflexus

Lambsquarters Thiste (Russian)
Chenopodium album Satsola kak

Lsttuce {prickly)

Lactuca sernola

Apply 1 pint of this product plus 0 25 tb. a.1. of Banve!
o051 ae of Z4-D amine plus 0510 | percerg}'
wononi surfactant by total spray volume per acre to
control demse populations of the following annual
brosdies! woeds

Kochix* Thistie (Rumian)
Kocha SCOparia Satsola kali
Lattuce {prickly)

tactucs sermicla

“Controlied with Banvel tank mixture only.

vl

When applied as directed under the condihions
described, this product pilus Banvel will contro! the

foliowing perennial broadieal weed
Bindweed {fwid)
Comvotvulus srvensis
[ ] Tank Mixture a
| ROUNDUP* plus BANVEL B
PRIOR TO PLANTING SMALL GRAINS

Use in GROUND APPLICATION EQUIPMEKT ONLY

Refer to the specific product tsbels for crop rotation
restrictions and cautionary statements of all products
wead in tank mixtures

See the “Control of Perennial Weeds™ part of the
"Weeds Controlled” section of thrs tabe! for the weed
growth stage neaded to obtain best results

Apply 2 quarts of this product and 0.5 pound a.i. of
Banvel 10 10 to 20 gations of water per acre. Some
op iajury mey occur f Bagwel is applied within 45
days of planting.

Apply this product prior tc planting forage grasses and
fegumes.

Pasture or Hay Crop removation — When applied s a
broadcast spray this product controls the annua! and
perennial weeds listed in this label prior to planting
forage grasses or legumes Remove domestic hvestoch
before apphication and wait 8 weeks aHer application
before grazing or harvesting

Spot Treatment — When spplied as 8 spot treatment
88 recommended. this produc! contiols annua! and
perennial weeds listed in this label which are growing
in pastures forape grasses and forage legumes com
posed of bahiagrass, bermudagrass. bluegrass. brome,
fescue, orchardgrass, ryegrass. timothy, wheatgrass,
alfalfa or clover.

Wipar Application — When applied 25 directed this
product controls or suppresses the weeds listed under
“Wiper Apphicators”™ in the ““Seiective Equipment”
soction of this label. Remove domestic {ivestock be
fore application and wait 14 days aiter application
betore grazing or harvesting

Apply in areas where the movement of domestic
lwestock can be controlied. No more than one- tenth of
a0y acre should be treated at one time. Further ap
plications may be made in the same area at 30 day
intervats. Remowe domestic livestock befare applica-
tion and wait 14 days afier application belo:e grazing
lroestock or harvesting



See “Genenl information”, “Mixing and Applicstion
tnstructions” and “Weeds Controlied” sections of this
avel.

SUGARCANE

Wren apphed as directed for “Cropping Systems.”
under the condition dexcribed, this product controis
thase emerged annusl and perennial weeds listed on
thes label growing in or around sugarcane or in fields
to be planted to sugarcane. Thus product will also
contoi undesirable sugarcane.

NOTE Where repest trestments are necessary. do not
exceed 3 tota! of 10.6 quarts of this product per acre
per year Do not apply to vegetation n or acound
ertcnes, canals or ponds containing water to be used
for mgation.

Sreadcast Tragtment — Apply thrs product in 10 to 40

gations of water per acre on emerged weeds growing in

fietos to be planted to sugarcane

for specific rates of appication and instructions for
contro’ of various annual and perennial weeds see the
“Weeds Controlied™ section of this label.

faor remaval of last stubbie or ratoon cane, apply & to 5
puart. of thes product in 10 to 40 galions of water per
acie 1o new prowth ’hanng a1 ieast 7 or more new
texves Aliow 7 or more days after spplication before
hilage

”

Spot Trestment in & Ascand Sagarcans Fislds — For
dilution snd rates of application waing Hand-Held
Equipment, ses “Mixing and Application” and
"Weeds Controlled™ sections of this lsbel.
For contyol of wlustees o oeased sugarcane, make &
1 percent aoiution of this product in water and spray
o wet the foliage of vegetation 1o be controlied.
NOTE: When spraying volunteer or disessed sugarcane,
the plants should have at least 7 new legves.
Avond spray contact with hesithy cane plants since
severe damage o destruchion may result.
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[ TANK MIXTURES ]
Minimum Tillage Systems
CORN

When appled o5 recommended under the condrions
described, these tank mixtures control many emerged
woeds, and give preemergence control of many annual
woeds when corn will be planted ditectly into a cover
crop, establshed 90d, or in prewous Crop Tesidues.
Reter to specific product labels for crop rotation
restrictions and cautionary statements of aii products
wsed in these tank mixtures. Lasso™ EC herbicide may
be substituted for Lawso herbicide 1n these tank mix.
tures. For miung instructions, see the “Mixing ang
Apphication instructions’” section of this label

n BOUNDUP® plus LASSO * n
Do not use these tank mixtures on sand of loamy sand
oils.

B ROUNDUP plus LASSO plus ATRAZINE B

[ §

B NOUNDUP phs LASSO plus BLADEX™ B
[ ]

@ ROUNDUP pus LASSO pics PRINCEP™

o«
B ROUNDUP phas ATRAZINE pius PRINCEP B

. Apply these tank muxtures in 10 fo 40 galiors of water

per acre after planting or during planting mn such
manner that the planter does not disturd the treated
soil. Do not apply these mixtures after crop
emergence.

3l

REDUCED CONTROL MAY RESULT IF THIS PRODUCT
1S USED IN TANK MIXTURES CONTAINING FLUID
FERTILIZERS

CONTROL OF EMERGED WEEDS

Annual Weeds — Apply to actively growing grasses and
broacical weeds Use 1 quart of Roundup herbicige
per acte in these tank mixtuces if weeds are less than
6 inches tal! |f weeds are over 6 inches tail, apply 1.5
quarts of this product per acre For emerged annual
weeds controlied see the “Weeds Controlled”” section
of thrs labe!

Paronaisl Weeds — At normal application dates in
mimmum tillage systems, perennial weeds may not be
st the proper stage of growth for control See the
“Genena! information” section of this tabel for the
proper stage of growth for perennial weeds.

Use of 2 to 4 quarts of Roundup herbicide per acre in
these tank mixtures, undes these conditions provides
wp kil and reduces competition from many emerged
perennl grass and broadleat weeds For emerged
perennial weeds controlied, e the “Weads Controlt
ed” sechon of this iabel. To obtamn control, foliow
recommendations on this labe! for stage of growth and
rate of apphcation for spacific perennisi weeds. To ob-
Win the desired stage of growth, it may be wecessary
10 apply Roundup herbicide alone in the late summe:
& fall and then follow with 8 iabel approved ssedhng
weed control program at planting.

NOTE: When using these tank mixtures, do not exteed
4 quarts of Roundup herbucide per acre.

USE OF THESE TANK MIXTURES FOR BERMUDA
GRASS OR JOHNSONGRASS CONTROL IN MINIMUM
TILLAGE SYSTEMS IS NOT RECOMMENDED. For ber-
mudagrass control, foliow the imstructions under
“Control of Perennial Weeds™ section of this label and
then use a label approved ssedling wesd control pro
gam in 8 minimum billage o conventiona! tillage
system. For Johnsongrass control, follow the
instructions under the “Control of Perennial Weeds™
section of the label, and then use a label approved
seadling weed control progam with comventonal
tillage.

PREEMERGENCE WEED CONTROL

B LASSO™ [ |
for weeds controlied preemergence see the “Weed
Control with Lasso®  section of the labe! for Lassc
herbicide

See the following table for recommended rates of
Lasso in this tank mixture with Roundup herbicide on
vanpus soit types

Laseo®
BROADCAST RATE PER ACRE
SOL TEXTURE Lasso®
GROUP (Quarts.
COARSE 25103
MEDIUM 3
FINE 35104

“Reler to the Soil Texture section of the iabei to deter
mine the corresponding soil texture group for the soil
1 be treated

Use the higher rate of Lisso herbicide in the ecom

mended ranges in areas of heavy grass infestation or

when organic matter content 15 3 percent or more




] LASSO® plut ATRAZIRE ||
for weeds controlied preemergence, see the “Weed
Control with Lasso and Lasso plus strazine (Tank Mix-
ture)” sections of the label for Lasso herbicide.

See the following table tor recommended rates of
Lasso plus atrarme 30W in this tank mixture with
Roungup herbicide on various soif types.

Lamec™ plus straziee
BROADCAST RATE PER ACRE

SOiL TEXTURE Lasso®  strazine 30W™*
GROUP® (Quarts) (Pounds)
COARSE

Sandy Losmonly 2 w25 1.25t% 15
MEDIUM 2513 15 o2
FINE 25103 2 925

*Rerer to the So:! Texture section of the labe! to
determine the comesponding sou texture group for
the ot tD be treated

==when using atrazine 4L or AAtrex™ 4LC use
equrvalent rates One quart equals 1.25 pound of
atanne B0W

Use the hgher tate of Lasso herbicide i the recom-

mended ranges n areas of heavy grass infestation or

when fali pancum o crabgrass will be present.

Use the higher rate of atranine in the recommended

fanges an soits with greater than 3% organic matter.

£

3
n LASSO® ples SLADEX a
For weeds controlied preemergence soe the “Weed
Control with Lasso and Lasso plus Bladex (Tank Mix-
ture)” sections of the labet for Lasso herbicide.
See the foliowing table for recommended rates of
{meso plus Bladex in this tank mixture with Roundup
harbicide on yanous oil types.
Lasac® plis Stadax

BROADCAST RATE PER ACRE

SOIL TEXTURE lrsso® + Bladex** 4L

GROUP* (Quarts) Quarts)

COARSE 2 to2$ 1 tolf
MEDIUM 253 12t
FINE 25103 16t022

*Refer to the Soif Texture sechion of the label to
determine the corresponding soil texture group for
the soil to be treated

**When using Bladex BOW use equwalent rates One
quart Biadex &L equals 1.25 Ibs of Bladex 80w
Use the higher rate of Lasso herbicide :n the recom-
mended ranges in areas of heavy grass infestation or

when fall panicum or crabgrass will be present

Use the higher rate of Bladex in the recommended

ranges on soils with gregter than 3% organic matter

NOTE: Do not use this mixture on sand or loamy sand
wils with less than 2% orgamc matter.
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a LASSO® plasy PRINCEP™
For weeds controlied preemergence see the “Weed
Control” sections of the ladels for Lesso and Princep
See the following table jor recommended rates of
Lesso plys Princep in this tank migture with Roundup
herdicide on varous soil types.

Lamc® plws Primcep
BROADCAST RATE PER ACRE

SOIL TEXTURE Laso®  Princep 80W**
GROUP* Quarts) (Pounds)
COARSE

Sandy Loamonly 2 to25 125t015
MEDIUM 251103 15 w02
FINE 25%3 2 1025

“Refer to the Soif Texture section of the iabel to
determne the corresponding soil texture group for
the soil to be treated

**When using Princep &L use equivalent rates One

quart equals 1.25 pounds of Prncep 80W

Use the higher rate of Lasso herbicide in the rezom
mended ranges in areas of heavy grass miestator o
when fall pamicum or crabgrass will be present

Use the higher rate of Princep herbicide in the recom
menged ranges on sotls with greater than 3% organ«
matter

*Lasso is 8 registered trademark of Monsants Company
"Frincep is & Fademark of Ciba-Geigy Corporation
WhAtrex 15 3 trademark of Ciba-Geigy Corporation

5 7
R ™8iades 5 3 trademark of the Sheil Chemical Company
__l B e
- ATRAZINE PLUS PRINCEP ]
for weeds controlied preemergence see the “Weec . . _TANK MIXTURES a . .
Contio! sectons of the labels for atrazine and Minimum Tillage Systems n ROUNDUP :lususso ]
Pancep SOYBEANS n ROUNDUP plus LASSO plus LOROX™ a
See the foliowing tabie for recommended rates of - o
straznine 0% and Princep BOW 1n this tank mixture When applied as directed under the condilions - BOUNDUP phes LASSO plus LEXONE™ -

with Roundup herbicide on vanous soil types.
Atrarine 3OW plus Princep BOW

BROADCAST RATE PER ACRE
SOI. TEXTURE atrazine S8OW** Princep BOW™™

GROUP* (Pounds) {Pounds)
COARSE

Sancy Lam only  1.25 1.25
MEDIUM 125175 1250178
fINE 15 o2 152

*Refes to the Soi! Texture of the label to deterrmine
the corresponding soil texture group for the soil to
be treated.

“>When wting atrazine 4L, AAtrex 41C or Princep 4L
wese equisaient rates. One quart equals 1.25 pounds
of atrazine B0W or Princep BOW.

Use the hugher rate of these products in the recom

mended ranges on soils with greater than 3% oganic

matter -

"‘; .

described, these tank mixtures control many emerped
snnual weeds suppress many emerged perennial
weeds and give preemergence control of many annual
weeds when soybeans will be planted directly into 2
cover Crop. stale seed bed. of in previous Crop residues
such as wheat stubble These tank mixtures will not
control regrowth from perennial weeds.

Refer to specific product labels for crop rotation
restrictions and cautionary statements ol all products
wed in these tank mixtures. Lasso EC herbicide may
be substrituted for Lasso herbicide in these tank mix-
tures For mixing instructions, see the “Mixing and
Application Instructions™ section of this label.

o
ROUNDUP plus LASSO plus SENCOR™ B

Apply these tank muztures in 10 to 40 gatiens of water
per acre atter planting or during planting in such man
ner that the planter does aot disturb the lreated sod
Do not apply these muxtures afte- crop emergence

REDUCED CONTROL MAY RESULT IF THiS PRODUCT
IS USED IN TANX MIXTURES CONTAINING FLUID
FERTILIZERS
COXTROL OF EMERGED WEEDS

Annual Weeds — Apply to actively grow ng grasses and
broadieat weeds. Use 1 quart of Roundup per acre in
thess tank mixtures 1f weeds are less than 6 nches
il If weeds are over § inches 1l apply 1 5 quarts of
this product per scre For emerged annuai weeds con-
trolied. see the “Weeds Controlled” section of this
labe!



Perennial Weeds — At normal apphcation dates in
minimum tillage systems, perennial weeds may not be
a1 the prope: stage of growth for control. See the
“General information” section of this lebel for the
proper stage of growth for perennial weeds. Uise of 2 to
4 quarts of Roundup herbicide per acre in these tank
mixtures under these conditions peovides top buil and
reduces competrhon from many emerged perennial
grzss and brosdieal weeds For emerged perennial
weeds controlled, ste the “Weeds Controited” section
of thrs labe!. To obtain control, follow recommenda:
tons on thrs tabel for stage of growth and mte of
application for specific perennial weeds. To obtain the
gesired stage of growth. it may be aecessary to apply
Roundup herbicwoe alone 1n the iate summer or fall
ang then foillow with a labe! approved seediing weed
contot program st planting

NOTE When using these tank mixtures, do not exceed
4 quarts of Roundup herbicide per acre.

USE OF THESE TANK MIXTURES FOR BERMUDA-
GRASS OR IOHNSONGRASS CONTROL IN MINIMUM
TILLAGE SYSTEMS 15 NOT RECOMMENDED. For ber-
mudagrass control follow the wmstructions under
“Controi of Perennial Weeds' section of this iabel and
then use  labe! approved seedling weed control pro-
gram in a2 mimmum tillage or conventional titlage
system  For Johnsongrass control. follow the
nstuctions under the “Control of Perennial Weeds”™
section of the label, and then use a label approved
seediing weed control program with conventional
tiilage *

PREEMERGENCE WEED CONTROL
| LASSO® |

For weeds controlied preemergence, see the “Weed
Control with Lasso” section of the tabe! for Lasso
herbicide.

S the following Gabke W mcommended rates of
Lassy i this ok mixtune 0n senous s types
Lot

BROADCAST RATE PER ACRE

SOIL TEXTURE Lnw®
GROUP* Quarts)
COARSE 25113
MEDIUM 3

FINE 35%4

*Refer to the Soil Texture section of the label to dete:-
mine the comesponding soil texture group for the soil
to be treated

Use the higher rate of Lasso herbicide n the recom-

mended ranges 1n areas of heavy grass infestation, or

when organic matter content 15 3 percent or more
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= LASSO® plus LOROX 8
For weeds controlled preemergence. see the “Weed
Control with Lasso and Lasso pius Lorox SOWP* sec-
tions of the labe! for Lasso herbicide.

See the following table for recommended nates of
Lasso pius Lorox SOWP in this tank mixture with
Roundup herbicide on vanous soil types

Lamo® plms Lorox
8ROADCAST RATE PER ACRE

SOIL TEXTURE Lasso® Lorox S50WP
GROUP* Quarts) (Pounds)
COARSE .

Sandy Loamonly 2 t025 1 tol$
MEDIUM 25t03 15162
FINE 251t03 2 103

*Refer to the Soil Texture section of the label to deter-
mine the comresponding Wil texture group for the soil
1o be treated

Use the gher rate of Lasso in the recommended

ranges i areas of heavy prass infestation or when fali

panicum or crabgrass will be present

Use the higher rate of Loroa SOWP in the recom:

mended ranges on 30ils with greater than 3% organic

matter.

Do not use this mixture on sand or ioamy sand or on

0il with less than 1% organic matte: as crop wnjury

from Lorax may occur

™ orm s a trademani of £ 1 duPont de Nemours and (ompany

n 3
— " 9%
= WTMME " Use the highe: rate of Lasso herbicide in the recom:
mended ranges In areas of b rass infestations or
= LASSO phes SENCOR - ¢ ey 2

for weeds controlled preemergence. see the “Weed
Controt with Lasso and Lasss plus Lexone or Sencor”
sections of the label for Lasso herbicide.

See the following table kr recommended rates of
Lassc plus Lexone SOWP or Lasso plus Sencor SOWP in
this tank mixture on vanous soil types.

Los0™ plus Lexone SOWP of
Las" plus Sencor SOWP
BROADCAST RATE PER ACRE
Lexone 50wWP**
or
SOit TEXTURE Lesso®  Sencor S0WP**
GROUP* Quarts) (Pounds)
COARSL
Sandy Loamonly 2 025 05 tc975
REDIUM 25103 0.75t0 )
FINE 25t 3 1 tolb*

*Refer to the Soil Texture saction of this label to
determine the corresponding soil texture group for
the soil to be trested

**When using Lexone 4L or Sencor 4 Fiowabie use
equiglent mtes. One quart equats 2 pounds of
Lexone SOWP or Sencor SOWP.

**+(y the silty clay or heavy cloy soils of the
Mississippi Deita, wse 1.5 to 2 pounds of Lexone o
Soucor per acre

when {all pzricum or crabgrass will be present

Use the tugher rate of Lexone or Sencor herhicides in
the recommended ranges on sorls with greater than
2% organic matter.

Do not use this mixture on sand or Joamy sand soils as
crop jury from Lexone or Sencor may occur.

Do not use on muck soils.

Do not apply on atkaline soils with 8 pH of more than
74

Crop injury may occur if any atrazine was applied on
the il the yesr betore use of this Lexone or Sencor
taak micture.

DO NOT REPLANT CROPS OTHER THAN SOYBEANS
FOR 120 DAYS AFTER APPLICATION.

Wexone is 3 trademark of E.1. suPont de Nemours and
Company

Wencer i5 3 trademark of the parert company of
Farsentabriton Savey GmbH, Lverhusen,

PRE-HARVEST APPLICATIONS

When applied as directed under the condilions
described this product controls annual and perenmiai
weeds isted on this label prior to the harvest of
COTION

For specific rates of application ang mstiuctions tor

control of vanous annual and perennial weeds. see the

“Weeds Controfied” section of this label

Ground Applications — Apply this procduct in 10 to

40 galions of water per acre on eme:ged labeied

snnual and perennial weeds.

Timing of Application — Apply this product for pre-

harvest weed control after B0% of the cottor bolis

have opened.

NOTE. DO NOT APPLY TO CROPS GROWN FOR SEED
Allow a minimum of 7 days between application and
harvest.

Do not feed or graze treated areas withn § weers
alter application
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" YREE AND VINE CROPS

Thrs product 15 recommended for weed control 1n
esiabirshed groves. vineyads, or orchards, or for site
prepanaton pexor to transplanting crops listed in this
section Applications may be made with boom equip-
mem. COA shieided sprayers. hand-held and high-
eoiume wands, lances. or orchard guns, or with wiper
applcatn equipment, except as darected in this
section See the “Application Equipment and Tech:
ngues” section of this labei for specific information
or gse ol equipment NOTE

Repeat treatmenis may be necessary to control weeds
onginating from underground parts of untrested
weedy, or trom sseds. This product does not provide
rezi0ua; weed control. For subsequent weed control.
futiow 2 program wsing residual herbicides or use
vepeated applications of this product. Do not apply
more than 10.6 quarts of this product per acre
per yeer

TXTRE ¥E CAR[ MUST BE EXERCISED TO AVOID COM-
TACT OF HERBICIDE SOLUTION SPRAY. DRIFT
OR MIST WiTH FOLIAGE OR GREEN BARK OF TRUNK.
BRANCAES. SUCKERS FRU!S OR OTHER PARTS OF
TREES OR VINES CONTACT OF THIS PRODUCT WITH
QTHIR THAN MATURED BROWN BARK CAN RESULT IN

SERIOUS CROP DAMAGE o
Reduced control may result when applications are

made to annual or perennial weeds that have been
mowed. grazed or cut and have not been aliowed to
regrow to the recommended stage for treatment

for specitic rates of appications and structions, see
the "Weeds Controlled” section of this labe!

L1

L TANK MIXTURES ]
TREE AND VINE CROPS

Whaen apphbed a3 3 tanbk mixture, this product provides
controf of the emerged annual weeds and pertal con-
trol of the emerped perennial weeds listed in this label.
The foliowing residusl herbicides will prowide pre-
emergence contiol of those weeds irsted i the in-
dmdual product labets ’

7
ROUNDUP® phtGOAL™18E .~ m
ROUNDUP plus KARMEX™ WP
ROUNDUP plus XROVAR™ |
ROUNDUP plys KROVAR™ i1
ROUNDUP plus PRINCEP™ CALIBER™ 0
ROUNDUP plus PRINCEP 4L
ROUNDUP plus PRINCEP BOW
ROUNDUP plus SOLICAM™ 80wP
ROUNDUP pius SURFLAN™ AS
ROUNDUP pius SURFLAN 75W

ROUNDUP plus PRINCEP
(80w, OR 4L, OR CALIBER 90)
plus SURFLAN (AS OR 75W)

When tank mixing with residuat herbicides add an
agriculturatly approved nonionic surfactant. Use 0.5
percent surfactant concestration when using surfac-
tants which contzin at least 50 percent active ingre-
dient or 3 1 percent surfactant concentration for those
surfactants contsining hss than 50 percoat active in-

. : 22 of 23

grodient. See the “Maxing and Application Instruc-
ticns™ section of this tabe!

0o nof appiy these tank mactures in Puerto Rico.
CONTROL OF EMERGED WEEDS

Anaual Weads — Apply 1 quart per acre of this product
in these tank mixtures when weeds are less than 12
inches tall. For weeds greater than 12 inches tatl, apply
1.5 quarts pes acre.
Porannisl Weads — for partial comtroi of perennial
weeds using these tank mixtures apply 2 to 5 quarts
per acre of this product. Follow the recommendations
in the “Weeds Controlled™ saction of this label for
stage of growth and rate of application for specific
perennial weeds.

PREEMERGENCE WEED CONTROL
The following are the labeled rates for the recom-
mended residual herbicides

PRODUCT RATE 7 AGRE )
Goat 1.6 125t 5 ats v
Karmex WP 216 8 lbs

Krowar | 2to 8 ibs

Krovar 1 2108 1ts

Princep Caliber 90 1.1 to 10.6 Ibs

Princep 80W 1% to 12 tbs

Princep 4L 210 9.6 gts

Solicam BOWP 2% tc 5 tbs

Surflan AS 2t 4 gls

Surflan 75W 2% 10 5% ths.

MOTE: Them residual herbicides may provide post-
emergence activity on certain annual weed species.
9

100

@eter to tha individual product labels for spacilic
crops, s, geographical rastrictions and pracau-
Bonary statements.

Read anc carefully observe the label claims, cau-
tonary statements. rates and all other information
o0 the labels of all progucts Use according to the
most restnctive labe! directions for each product in
the mixture

For specific rates of applicat.on and instiuctions see
the “W:uds Controlied™ section of this Label

™Con! 13 3 traoamark of Rohm aad Haxs Company

Sgarme: 1 8 tradewsark of £ 1. év Pont de Memeurs aad
Compurny

xrover 13 3 fragemark of € 1 du Poat de Nemours and
Company

“Frncep 18 & trademenk of Cibe-Gegy Corporation

®Caliber ¢ a trademack of Cibe-Geigy Corporation

*Solicam @ 8 trademark of Sandoz. inc.

Surfna o o trademert of Elsnco Pracects Compeny.

TREE CROPS

Citrus™: grapetruit, kumquat, lemon, hme. orange.
tangelo. tangeriae.

Muts**: almond. filbert, macadarmia, pecan. pista-
chio, walnut.

Pame Fruit®: apple, pear.

Stome Froit*: apricots. chemes. nectarines, peaches
plums/ prunes

For chernes, any application eguipment listed i this
sectipn may be used in all states

Any application equipment histed in this section may
be used in apricats. nectannes, peaches. and plams /
pruries growing in Arizona, California, Colorado. (daho,
fanms, Kentucky, New Jerssy, North Dakota. Okla

" Soma, Orsgon. Texss, Otah, and Washington, except

for peaches grown in the states specified in the foliow-
mg paragraph. in all other states use wiper equipment
only.

for PEACHES grown in Alahama, Arhansas, Flonda,
Georgia, North Carotina, South Carling, and Tennessee
ondy, apply with 2 shielded boom sprayer or shielded
wiper appiicator which prevents any contact of this
product with the foliage or bark of trees. Apply no later
than 90 days after first bloom Applicatons made afte
this time may resutt in severe darage. Remove suchers
and low hanging limbs at kast 10 days priot to appiica
tion. Awoid applications near trees with recent pruning
wounds o other machanical injury. Apply only near
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trees which have been plantec in the uichard for 2 or
more years EXTREME CARE MUST BE TAKEN TO EN
SURE NO PARY OF THE PEACH TREEL 1S CONTACIED

Tropical Fruit: avocadc™ banana coffee®, guava,
mango” papaya tea Aliow a minimum of 1 day be-
tween st application and harves! of guava and
papaya In coffee and bananz delay applicaticns 3
months after transplanting 10 allow the new coffee
or banana plant to become estabiished

NOTE
*Aliow 3 minimum pf i4 pays between last applica-
tion and hareest.

**Aliow 3 mnimom of 21 days between last applica:
tion and harvest of these crops



VINE CROPS

Grapus®: any vaniety of table, wine, o raisin grape may
be treated with any equipment listed in this section.
Apphications should not be made when green shoots,
canes, or Jolage are in the spray 2one.

in the northeast and Grest Lakes regions, apptications

must be made pnor to the end of bioom stage of rapes

1 swoid injury.

NOTE:
*Aliow 3 minimum of 14 days between last application
and harvest
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ROUNDUP* Horbacade Compurte Dvections tor Use
 NON CROP AREAS wuch a3

Wahsirel Recradions: snd Pubic sreas

Farmment Weed Controi

Ornamanian

Sevculiure) S and Rgris ot wa,

Turigrases and Gratuns tor Seed Proowctior.
0 CROPPING SYSTEMS

Aiptis Corn Okry
Ancnone Conon Onwon
Uerussirm) Cranberras Parsnga
Anperagus Forage Grarses Peert,
Soriay Ferage wgumen Paas tEngist grown,
Pooim E iy (atl) Horser ponh POuate irrsh veveet)
Bawt Graens Kot Raout.
Borts re0 sugar)  Lenuns Rxa
Qceed Lentuce Rutanaga
Cabbage Mustara greens Sorghur mng
Corren Qars Sovbesny
w‘h' »n.(v-
Coiory Sugar i
Chvcory Wnes:
Fasiow and Retuced Tmage Systems
Prgtvres
Praharvist Appications 10 Corton
Sugercane
0 TREE CROPS
Carut o3 tsted) Pome Frut (as kiteo
Crvrry Stone Frum (as inted:
Msts (s hated) Tropeat Frun (a1 hsied.

0 GRAPES — Wine, Yotk and Rangn

W MHNIUM TILLAGE SYSTEMS for Corn Soybesny

This product kas been approved for use in California
SXCOpt a3 stated otherwise on pages 104 and 105
EPA Flug Mo 334308 AL

1984 | 857 15 002 1953

-

In case of an emergency involving tﬁu_ product,
Caii Collect, day o nught. (314) 694-4000







REFERENCES






REFERENCES

Alabaster, J.S. 1969. Survival of fish in 164 herbicides,
insecticides, fungicides, wetting agents, and miscellaneous
substances. Pp. 29-35. 1Internat. Pest. Control.
March/Apriil.

Balon, E.K. 1975. Terminology of intervals in fish development.
J. Fish. Res. Bd. Can. 32(9):1663-1670.

Bohn, H.L. and B.L. McNeal, G.A. O'Connor. 1979. Soil
Chemistry. John Wiley & Sons, New York. Pp.22.

Bronstad, J.0., and H.O. Friestad. 197¢. Method for
determination of glyphosate residues in natural waters
based on polarography of the N-nitroso derivative. Analyst
101:820-824.

Breault, G. 1982. Personal communication. Analytical Develop-
ment Corporation, Monument, Colorado.

Burns, A.J., and D.F. Tomkins. 1979. The determination of N-
(Phosphonomethyl) glycine in formulation and technical
samples by high-pressure liquid chromatography. J. Chrom.

~Sci. 17:333-335.

Buhler, D.D., and 0.C. Burnside. 1983. Effect of water quality,
carrier volume, and acid on glyphosate phytotoxicity. Weed
Sci. 31:163-169.

Casarett, L.J. and J. Doull. 1975. Toxicology: The Basic
Science of Poisons. P. 24. Macmillan Co., New York.

Chaney, J. 1984. Personal communication. North Coast Labs,
Arcata, California.

Chiemical & Engineering News. 1983. Amer. Chem. Soc. P. 14.
Washington, D.C. Oct. 17.

Code of Federal Regulations (CFR). Title 40, Part 1538.

Comes, R.D., V.F. Bruns, and A.D. Kelley. 1976. Residues and
persistence of glyphosate in irrigation water. Weed
Research 24:47-50.

Department of Food and Agriculture (DFA). 1978. Report on
environmental assessment of pesticide regulatory programs.
Vol. I. Sacramento,; California.

1984, California IBT action report. Pesticide Regis-
tration Unit. Sacramento, California. March 9, 1984.

46



Dost, F.N. 1983. Declaration by Frank N. Dost. In Safe
alternatives for the forest environment et al. vs.
Peterson. U.S. District Court, Civil No. S-885-1115-MLS

Edwards, W.M., G.B. Triplett, Jr., and R.M. Kramer. 1980. A
watershed study of glyphosate transport in runoff. J.
Environ. Qual. 9:661-665.

Ekstrom, 4., and S. Johansson. 1975. Determination of
glyphosate (N-phosphonomethyl glycine) using an amino acid
analyzer. Bull. Environ. Contamin. Toxicol. 14:295-2G6.

Farm Chemicals Handbook. 1982. Meiser Publishing Company.
Wiiloughby, OH.

Federal Register. Vol. 43, no. 234, part 180, December 5, 1978.
OPP, EPA, Tolerances and exemptions from tolerances for
pesticide chemicals in or on raw agricultural commodities.

P. 57000.

Vol. 45, no. 231, part 5, November 28, 1980. EPA, Water
quality criteria documents; Availability. Pp. 79318-79379.

Vol. UYv, no. 175, part 180, September 10, 1981. EPA,
Glyphosate: Proposed tolerance. P. 45162.

(a), Vol, 47, no. 208, part 561, October 27, 1982. EPA,
Tolerances for pesticides in animal feed: Glyphosate.
Pp. 47544y-50.

(b), Vol, no. 241, part 180, December 15, 19u2.

Glyphosate; Tolerances and exemptions from tolerances for
pesticide chemicalis in or on raw agricultural commoaities.

Pp. 56136-7. '
Finlayson, B. 1983. Personal communication.

Florence, A.T. and J.M.N. Gillan. 1975. Biological implications

of the use of surfactants in medicines: The biphasic
effects of surfactants in biclogical systems. Pest Sci.
b:429-439.

Folmar, L.C., H.0. Sanders, and A.M. Julin. 1979. Toxicity of
the hervicide glyphosate and several of its formulations to
tish and aquatic invertebrates. Arch. Environ. Contam.
Toxicol. 8:269-278.

Food and Drug Administration. 1977. Glyphosate. Pesticide
analytic manual Vol. II. Transmittal No. 77-3 (October).

47



Ghassemi, M., L. Fargo, Pg. Painter, Pm. Painter,, S. Quinlivan,
R. Scolifield, and A. Takata. 1981. Environmental fates
and impacts of major forest use pesticides. Final Report
for EPA. TRW, Environmental Division. Redondo Beach, CA.

Ghassemi, M., S. Quiniivan, and M. Dellarco. 1982.
Environmental effects of new herbicides for vegetation
control in forestry. Envirn. International. T7:389-401.

Glass, R.L. 1981. Colorimetric determination of glyphosate in
water after oxidation to orthophosphate. Anal. Chem.
H3:921-923.

Gottrup, O., P.A. O' Suilivan, R.J. Schraa, and W.H. Vanden.
1976. Uptake, translocation, metabolism, and selectivity
of glyphosate in Canada thistle and leafy spurge. Weed
Research. 16:197-201.

Guinivan, R.A., N.P. Thompson, and W.B. Wheeler. 1982.
Derivatization and cleanup improvement in determination of
residues of giyphosate and aminomethyl-phosphonic acid 1in
blueberries. J. AOAC. 65:35-39.

Hance, KH.J. 1370. Adsorption of glyphosate by soils. Pestic.
Sei. 7: 363-36.

Hensley, D.L., D.S.N. Beuerman, and P.L. Carpenter. 19786. The
inactivation of glyphosate by various soils and meta.l
salts. Weed Res. 18:287-291.

Herbicide Handbook. 1979. Weed Sociey of America. Champaigne,
IL. Pp. 224-228.

Jaworski, E.G. 1972. Mode of action of N-(phosphonomethyl)
giycine: Inhibition of aromatic amino acid biosynthesis.
J. Agr. Food Chem. 20:1195-1198.

Johnson, W., and M. Finley. 1980. Handbook of acute toxicity of
chemicals to fish and aguatic invertepbrates. U.S.
Department of the Interior, Fish and Wildlife Service.
Resource Publication 137.

Joseph, D. Memo to Dr. David Cohen, Mgr., Toxic Substances
Control Program, California State Water Resources Control
Board. May 19, 1982.

Khan, S.U., and J.C. Young. 1977. N-Nitrosamine formation in
soil from the herbicide glyphosate. J. Agric. Food Chem.
25:1430-1432.

48



Kurtz, P.H. 1983. Declaration by P.H. Kurtz. In Safe
alternatives for the forest Environment et al., vs.
Peterson. U.S. District Court, Civil No. 5-83-115-MLS.
1984. Personal communication.

Liao, C.L. 1982. Hemo from C.L. Liao, California Department of
Food and Agriculture, to Dr. David Cohen, Mgr., Toxic
Substances Control Program, State Water Resouces Control
Board. Aug. 10, 1982.

Maki, A.W. 1979. Correlations between Daphnia magna and Fathead
winnow (Pimphales promelas) chronic toxicity values for
several classes of test substances. J. Fish. Res. Bd.
Can. 36:411-21.

McChesney, M.M. 1964, Personal communication. Department of
Environmental Toxicology, University of California, Davis.

Merrel, Paul. 1980. Monsanto's Mystery Herbicide: The Lowdown
on Roundup. Pp. 4-6. Northwest Coalition for Alternative
to Pesticides. Eugene, OK.

Monsanto. 1974. Information to support the establishment of
permanent tolerances and label registration for the use of
Roundup as a preplant herbicide on corn (ail types),
‘soybeans, wheat and other small grains. Monsanto. St.
Louis, MO.

1982a. Material safety data. Gliyphosate technical.
Monsanto Co., St. Louis, MO. MSDS No.: 107-83-6.

1962b. Material safety data. Roundup herbicide. Monsanto
Co., St. Louis, MO. MSDS No.: MO000588.

1963, Material safety data. Rodeo herbicide. Monsanto
Co., St. Louis, MO. MSDS No.: S00010153.

Moshier, L.J. ana D. Peuner. 1978. Factors influencing
microbial degradation of 14 C-glyphosate to 14 CO in soil.
Weed Science 26:686-691.

Moye, H.A., and C.L. Deyrup. 1984. A simple single-step
derivatization method for the gas chromatographic analysis
of the herbicide glyphosate and its metabolites. J. Agric.
Food. Chem. 32:192-195.

Mmoye, H.A., C.J. Miles, and S.J. Scherer. 1963. A simplified
high-performance liquid chromatographic residue for the
determination of glyphosate herbicide and (aminomethyl)
phosphonic acid in fruits and vegetables employing post
column fluorogenic labeling. d. Agric. Food. Chem. 31:
09-72.

49



Newton, Michael. 1980. Letter from M. Newton,, Department of
Forest Science, Oregon State University, to Glen Carter,
Department of Environmental Quality, Portland, OR. July
30, 1980.

Nomura, N.S., and H.W. Hilton. 1977. The adasorption anc
degradation of glyphosate in five hawaiian sugarcane soils.
Weed Researcn 17:113=-21.

0'Connell, C.P. 1981. Development of organ system in the
northern anchovy Engraulis mordax, and other teleosts.
Amer. Zool. 21:4z9-4L4b.

lorunsogo, 0.0., E.A. Bababunmi, and 0. Bassir. 1976. In G.L.
Plaa and W.A.M. Duncan (ed) Proceeding of the first
international congress on toxicology: Toxicology as a
predictive science. Marcn-Apr., 1977. Toronto, Canada.

Pesticide & Toxic Chemical News. June 15, 1983. Washington, DC.
Rachmwan, N. Personal Communication. 196%.

Ragab, M.T.H. 1378. Thin-layer chromatographic detection of
glyphosate herbicide (N-phosphonomethyl glycine) ana its
aminomethyl phosphonic acid metaboiite. Chemosphere 2:143-
153.

Rodgers, C.A., and D.L. Staliing. 1Y72. Dynamics of an ester in
2.4-D in organs of three fish species. Weed Science
29(1.:101-105.

Rose, S.L. and P.C. Jurs. 1982. Computer-assisteau studies of
structure~activity relationsnips of N-nitroso compounds
using pattern recognition. J. Med. Chem. 2%:T709-T770.

Rueppel, M.L., B.B. Brightwell, J. Schafer, and J.T. Marvel.
1977. Hetabolism and degradation of glyphosate in soii and
water. J. Agric. Food Chem. 25:517-528.

Sandquist, R.E. 197y. Giyphosate vackground information. U.S.
Department of Agriculture. Publisned in a U.S. Forest
Service Report. 1981.

Schofield, M. 1962. Personal communication. Analytical
Biochem. Laboratory, Columbia, Missouri.

Seiber, J.N., M.M. McChesney, R. Kon, and R. A. Leavitt. 19b64.
Analysis of glyphosate residues in Kiwi fruit and asparagus
using high-performance liquid chromatograpny of derivatized
glyphosate as a cleanup step. J. Agric. Food. Chemn.
3¢:675-681.

50



Serdy, Frank. 1983. Perscnal communication. Monsanto Co.,
St. Louis, MO

Soderquist, C. 1982. Personal communication. Cal. Analytical.
Sacramento, California.

Siekert, E. 1984. Personal communication. Monsanto Co.,
Sacramento, CA.

Siii, W.H. 1952. Plant Protection. Iowa State University Press,
Ames, Iowa. 4

Sprankle, P., W.F. Meggitt, and D. Penner. 1975a. Rapid
inactivation of glyphosate in soil. Weed Sci. 23:224-225.

1975b. Adsorption, mobility and agricuitural degraaation
of glyphosate in the soil. Weed Sci. 23:229-234.

Sprankle, P., C.L. Sandberg, W.F. Meggitt, ana D. Penner. 1978.
Separation of glypnosate and possible metaboiites by thin-
layer chromatography. Weed Sci. 26:673-674.

State Water Resources Control Board (SWRCB). 1982. Pesticide
guidance document. Sacramenteo, California. January 2o,
1982.

Suver, E.W., ant J.H. Pickering. 1962. Acute toxicity of
endothal, diquat, hyamine, dalapon, and silvex to fish.
Prog. Fish Cult. 24(d): 16LU=-171.

Torstensson, N.T.L., and A. Aamisepp. 1977. Detoxification ot
glyphosate in soil. Weed Research 17: 209-212.

U.S. Environmental Protection Agency (EPA). 1976. Quality
criteria for water. July.

1960. Summary of reported pesticide incidents involving
glyphosate (isopropylamine salt): Pesticide incident
monitoring system, report no. 373. October. Office of
Pesticide Programs, Washington, DC.

19635. Test wethod: Determination of glyphosate in
wastewater. Method 127. Effluent Guidelines Division
(WH522), Environmental Protection Agency. Washington, DC.

U.S.L.W., 52. Title 40, 4886 June 26, 1984,

United State Forest Service. 1981. Glyphosate herbicide
background statement. USDA, Forest Service. Pacific
Northwest Region, Portland, Oregon.

Walters, Viecki. 1984. Personal communication. EPA, Regis-
tration Division, Washington DC.



wang, R.G. 1983. Memo from R.G. Wang, California Department ot
Food and Agriculture, to keith Maddy, Chief, Worker Health
and Safety Unit, DFA. Feb. 25, 1983.:

Warner, 3. 1981. Memo from S. Warner, North Coast Regional
Water Quality Contirci Board, to George Heese, California
Deparment of Food amd Agriculture. May 22, 1981.

Windholz, M., S. Budaani, L. Stroumtsos, and M. Furtig. 1976.
The Merck Index. Ninth Edition. Merck and Co., Rahway,
N.J. p. 114,

Wyrill, J.B. ana 0.C. Burnside. 1976. Adsorption, translo-
cation, and metaboliism of 2,4-D and glyphosate 1in common
milkweed ana nemp dogbane. Weed Science 24:557-5bb.

Yates, W.E., N.B. Akesson, and D.E. Bayer. 1978. Drift of
glyphosate sprays applied with aerial ana ground equipment.
Weed Sci. 26:597-604.

Young, J.C., S.U. Khan, and P.B. Marriage. 1977. Flourescence
detection and determination of glyphosate via its N-nitroso
derivative by thin-layer chromatography. J. Agric. Food
Chem. 25:918-922.

Young, J.C., and S.U. Khan. 1978. Kinetics of nitrosation of

the herbicide glyphosate. J. Environ. Sci. Health B13:
59-T2.

52






STATE WATER RESOURCES CONTROL BOARD
P. 0. Box 100, Sacramento, CA 95801

CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARDS

NORTH COAST REGION {1)

1000 Coddingtown Center

Santa Rosa, California 95401
(707) 576-2220

SAN FRANCISCO BAY REGION (2)
1111 Jackson Street, Room 6040
Oakland, California 94607
(415) 464—-1255
CENTRAL COAST REGION (3)
1102—A Laurel Lane
San Luis Obispo, California 93401
(B0O5) 5493147

CENTRAL VALLEY REGION (5)

3201 S Street

Sacramento, California 95816
{916) 445—-0270

Fresno Branch Office
3374 East Shields Avenue, Rm, 18
Fresno, California 93726
(209) 445-5116
Redding Branch Office
100 East Cypress Avenue
Redding, California 96002
(916) 225~2045
LAHONTAN REGION (6)
2092 Lake Tahoe Boulevard
-P..0. Box 9428
South Lake Tahoe, California 95731
(916) 544—3481
Victorville Branch Otffice
15371 Bonanza Road
Victorville, California 92392
(519) 245—6583
COLORADO RIVER BASIN REGION (7)
73-271 Highway 111, Suite 21
Paim Desert, California 92260
(619) 346-7491
SANTA ANA REGION (8)
6809 Indiana Avenue, Ste., 200
Riverside, California 92506
(714) 684—9330
$AN DIEGO REGION (9)
6154 Mission Gorge Road, Suite 205

& San Diego, California 92120
'"'\ (619) 265—5114

LOS ANGELES REGION (4)

107 South Broadway, Room 4027

Los Angeles, California 90012
(213) 620—4460
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