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L Executive Summary
A. Nature of Chemical Stressor

Topramezone (BAS 670H; [3-(4,5-Dihydro-3-is_oxazolyl)-2-methyl—4-(metthylsulfonyl)phcnyl](5-
hydroxy-1-methyl-1H-pyrazol-4-yl) methanone) is a new post-emergence herbicide proposed for
uses on corn (field corn, popcorn, seed corn, and sweet corn). Topramezone belongs; to the
‘phenyl pyrazolyl ketone family of herbicides. Its mode of herbicide action {s inhibition of an
enzyme (4-HPPD) that controls carotenoid biosynthesis. This is the same thode of action of
isoxaflutole and mesotrione, although these two herbicides belong to diﬂ'e:ient chemjcal families.

The proposed end-use product is “BAS 670 336SC Post-emergent Corn Herbicide” (29.7%
topramezone). Aerial and ground applications are being proposed at a maximum apﬁlicaﬁon rate

per season of 0.022 Ib active ingredient per acre (25 g/ha) or two split applications seven days
apart, but not to exceed 0.022 lb active ingredient per acre per season. '

B. Potential Risks of Topramezone to Non-target Organisms: Animals; and Plan'j:s

Topramezone is to be applied at a maximum application rate of 0.022 1bs aii/acre (25'?’ g/ha) and is
being proposed for ground and aerial applications. It was anticipated that npn-target plants would

“be at risk. Minimal risk is expected for birds, mammals, fish and invertebrates including reptiles
and amphibians
]

!
Direct Effects to Plants: =

Vegetative vigor is a more sensitive endpoint than seedling emergence for fopramezone.
Therefore, even though éxposure from drift alone is lower, in Ib ai/acre, : drift plus runoff, the
RQ for exposure from drift is higher, because the lowest EC, (0.0001 1b ai/acre) and ECs
(0.000009 b ai/acre) from vegetative vigor tests (soybeans) were much lower than the lowest
seedling emergence EC,; (0.0039 1b ai/acre) and NOAEC (0.0017 Ib ai/acre) (cabbage).

The vegetative vigor studies were not conducted with an adjuvant, as per label recommendation.
Therefore, the effects on non-target plants may be more pronounced when an adjuvant is
incorporated into the spray solution. This has been identified as a data gap.|

A further evaluation of the Risk Quotients suggest that terrestrial dicots mdy be potentially ata’
higher risk than monocots. Even though the LOCs were not exceeded for the terrestrial
monocots, topramezone is recommended for the control of grasses. Therefore, risk to

monocots to other non-tested species in terrestrial, dryland, ahd-semi—ﬁqnaﬁc habitats
cannot be ruled out. :




Tables 1.1 and 1.2 summarize the Levels of Concern for non-endangered and endangered
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terrestnal Paadiis.,

Table I.1. Summary of LOC exceedances for non-endangered terrestrial plants (dlcots) ,

_Habitat and exposure route

Plant stage Aerial | Ground .
Terrestrial plants in dryland seed germination and LOCnotexceeded | LOC noi exceeded
areas receiving drift and seedling emergence RQ<1 ‘| RQ<1 !
rmnoff | ;
: v - [
Terrestrial plants in semi- -seed germination and LOC exceeded | LocC exiceeded
aquatic areas receiving drift seedling emergence RQ=1.9 RQ=2.8,
and runoff _ \
. : p
Areas adjacent to treated area | vegetative vigor of emerged | LOC exceeded | LOC no} exceeded
receiving drift plants RQ=11 {| RQ<1
: | |
Table 2. Summax"y of LOC exceedances. for endangered terrestrial plants (dicots) :
T
Habitat and exposure Route Plant growth stage | Aerial | | Ground .
Terrestrial plants in dryland seed germination and LOC exceeded LOC no{{ exceeded
areas receiving drift and seedling emergence RQ=1 RQ<1
runoff ! ;
Terrestrial plants in semi- seed germination and LOC exceeded . | | LOC exiceeded
aquatic areas receiving drift seedling emergence RQ=4.5 ' | RQ=6.6
and runoff : |
Areas adjacent to treated area | vegetative vigor of emerged | LOC exceeded : LOC exiceeded
receiving drift plants RQ=122 RQ=24 [

Aquatic

The primary route of exposure for aquatic plants is runoff. Drift was shown not to be a
significant exposure route. Levels of Concern were exceeded for vascular endangered plants,
with RQ ranging from 1.15 to 1.94, depending on the location of the corn scenario used in

estimating environmental concentrations in surface water. Levels of Concern were nbt exceeded

(RQ <1) for non-endangered non-vascular plants and for endangered non-yascular plants




C. Conclusions to the Exposure Characterization

Environmental Fate

Biotransformation (soils; water-sediments) is the major route of dissipation of topramezone in
the environment, although it is slow with a half-life from125 days to >1 year. However, there
appears to be competition between biotransformation and sorption to soils/sediments in the
overall dissipation of topramezone in terrestrial and water-sediment systems. Under: .
environmental conditions, abiotic hydrolysis and direct photolysis in waterjare not ithportant
transformation pathways for topramezone. Topramezone exhibits high to nhoderate Jnobility in
soils. Its major soil metabolite “M670H05" is highly mobile in soils. Topramezone is not
expected to volatilize from soils or water nor to bioaccumulate in fish or other aquatic organisms.

Differences in persistence of topramezone, nature, and relative ratio of tran sformatid‘n produicts
were found in six aerobic soils, but pseudo-first order, linear regression half-lives for
topramezone were longer than 125 days. The major soil(> 10% of the applied radioqctivity)
metabolite is “M670HO5" (3-(4,5-Dihydro-isoxazol-3-yl)-4-methanesulforyl-2-methyl-benzoic
acid), which could be persistent and accumulate in soils. In addition, if adsprption of
topramezone on soils is considered as a dissipation route, toplfamezone resjdues on éloils may
have carryover potential from a growing season to the next. The metabolit¢ ‘MH670H01"
(“cyano” metabolite) was found at > 10% only in one of six aerobic soils. [Metabolites formed in
aerobic soil were markedly different from those found in water-sediments (except “M670H01"),
Metabolites were also distinctly different between anaerobic and aerobic Water-sediments, but.
deficiencies were identified in the water-sediment studies that must be addressed by!thc registrant
to better understand the behavior of topramezone in water-sediment systents - ’

Given the widespread cultivation of corn in the United States, there can,buianticipatéd to be an

extensive spatial and temporal variability in persistence, nature, and amount of biotr!ansformation
products of topramezone. in soils.
}
i

Aquatic Ecosystems

Parent topramezone may enter a static water body by runoff and/or spray dlnﬁ Once in the water
body, it may undergo biotransformation and/or adsorb to sediments, but hc{'w fast it adsorbs is not
known, but is appears adsorption may control the dissipation of topramezone as opposed to
biotransformation. The soil metabolite “M670H0S" may reach surface wat{:r by runoff (or soil
erosion), as this metabolite was not identified in water-sediment studies. T}mc persistence of
“M670H05" in water-sediment systems is not known. Exposure concentrations in surface water
were estimated with the Tier IT simulation models PRZM and EXAMS for{ ten diffetent corn
scenarios selected as surrogates to represent areas of potential use. Peak concentrations varied
from 1.9 pgL™! (Florida sweet corn) to 0.8 pgL™! (East North Carolina). A‘timjor uncertainty
affecting the confidence of the aquatic exposure concentration is the persigtence of topramezone
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in water-sediment systems and how the physical and chemical characteristics of a water—sedunent
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The aquatic exposure assessment was performed only for parent topramez(;»né.’ Ecological
toxicity data with “M670H05" did not trigger a concern for aquatic organisms. No ecological
toxicity data are available for “M670H01" and “M670H10". These metabohtes were identified in
water-sediment systems (“M670H01", aerobic; “M670H10", anaerobic) and have molecular
structure features than suggest that they could exhibit the same mode of actlon as topramezone.

Terrestrial Ecosystems

‘Exposure in terrestrial ecosystems will occur through direct application to blrd and mammal

foraging food items in and immediately adjacent to the treated field. Based on the apphcatlon
rate, those residue levels will be relatively low compared to the acute and ¢hronic toxicity to
birds and mammals. Exposure to terrestrial and semi-aquatic ecosystems occupied by terrestrial
plants will occur through drift and runoff. Exposure levels are likely to exbeed levels of concern
for terrestrial plants resulting in direct adverse effects to plants, and mdlreét effects are possible
to animals depending on those plants for food, shelter and nesting s’tructure

D. Conplusxons to the Effects Characterization

Topramezone is practically non-toxic to birds, mammals, fish, honeybees, garthworms, fish, but
may be moderately toxic to marine/estuarine crustaceans. It is not expected to affect birds,
mammals, fish or invertebrates chronically at levels that are expected in thk field based on thé
relatively low application rate. Topramezone is toxic to aquatic and terrestrial plants. Nontarget
terrestrial and aquatic plants would be at risk from off-site movement throiixgh drift and runoff.

There is some uncertainty in the chronic toxicity to birds. While the bobwhite study yielded a
NOAEC of 294 ppm, the mallard study did not. There were small, but statistically significant
reductions in body weight gain of oﬂ'sprmg, and weight loss of adults, at tl%le lowest level tested
(100 ppm). .

The EFED is recommending this chemical for future screening in the Enddcnne Disruptor
Screening Program (EDSP) in order to better characterize any topramezong effects telated to
endocrine disruption in wildlife and aquatic animals. Topramezone showel some effects in
laboratory studies, such as reduction in number hatched to viable embryos| hatchling body weight
and female weight gain in birds, thyroid effects for mammals, reductions ih weight and length of
fish, and reductions of live offsprmg produced per female daphnid. In addition, causes eye
effects, pancreatic effects, and skeletal variations typically caused by inhibition of the enzyme 4-
HPPD. Topramezone in an inhibitor of the 4-HPPD enzyme.
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1.

Aquatic Exposure

Uncertainties and Data Gaps

Exposure o -

The following factors can introduce uncertainties in the aquatic assessmeth. Some are identified

as data gaps: . |

a.

Topramezone is a weak acid (pKa 4.06). Above pH 5, the concentration of the anionic
form increases and, theoretically, mobility will also increase. For example, the persistence
and mobility of most sulfonylurea herbicides (also weak acids) have been found to
increase with pH. However, the range of soil pH used in the acrobi¢ soil metabolism

and sorption studies conducted with topramezone as the test substance was quite narrow
(5.7 to 6.9) and does not allow an adequate correlation of pH with @obility. '

Persistence in water-sediment systems is not well established becayse of inherent flaws in
the studies and/or inadequate selection of water-sediment systems. [The petitioner has
been asked to address specific issues identified in their data.

The estimated environmental concentrations (EECs) for aquatic exposure assessment was
performed only for parent topramezone, but a qualitative assessment of other chemical
species that might be in surface water was also included in the overall assessment. The
only metabolite for which there are ecological toxicity data is “M670H05". However, two
other metabolites (M670H01 and M670H10) have molecular features that-suggest a mode

soils/sediments, but which process controls the dissipation of top
satisfactorily established from the provided guideline studies. The guideline studies are
not designed to estimate time-dependent adsorption/desorption (i.e!, the kinetics of

sorption). The significance is that these bound residues may be relf:ascd later and prolong
undesirable exposure.

The sensitivity of available analytical chemistry method to identifyjand quantify residues

of topramezone in water is not adequate. The Limit of Quantitation (LOQ) oi‘ this method
is 60 ugL"' (ppb) whereas Levels of Concern for aquatic vascular plants weré triggered at
concentrations of <2 pgL™, which is well bellow this LOQ. Thus, this method cannot
quantify residues of topramezone at concentrations triggering Levels of Con¢ern for
aquatic vascular plants. This analytical chemistry method cannot be used forimonitoring
or investigations at ecologically significant exposure levels. !




Terrestrial Exposure f_

An uncertainty in the exposure assessment is that for Tier 1 risk assessmerits, oral ingestion is the
only route of exposure considered. Exposure by dermal and inhalation is qot assessed. However
to balance that, some fairly conservative assumptions are made in the expdsure assessment that is
“conducted. For example, high erid exposure levels are assumed, maximum application rates are

used, for the tier one assessment, it is assumed that birds and mammals feed 100% dn the food
item (short grass) containing the highest expected residues. This tends to maximizeithe exposure
level against which toxicity is compared. Therefore, the assessment is cox}sidered td be certain
enough to identify direct toxicity, if it was likely. Other uncertainties as fo llows:

a. ~ There is a potential for long-term accurmulation of the metabolite “M670H05", but the
) extent of accumulation is not known. Thus, long-term exposure of plants or animals
cannot be assessed at this time. Likewise, if time-dependent binding to soils rather than
biotransformation conitrol the “disappearance” of topramezone in soils, there is a potential
for carryover from season-to-season. Because the rate of adsorptior{/desorptibn of

topramezone to soils is not known, the bioavailability of topramezone via desorption

cannot be assessed. !

c. There are no terrestrial plant data to evaluate the phytotoxicity of ﬂlé metabolites of
topramezone. Metabolite “M670H05" has the potential to accumull;lte in soils from
carryover. The effect of this metabolite on plants is not known. |

d. Even though the water-sediment studies have deficiencies that must be addressed by the
registrant, two different metabolites may be present in water-sediment systemis
(M670HO1 under aerobic conditions and M670H10 under anaerobic conditions). The
metabolites M670H01 and M670H10 have molecular structure features required for
herbicides that exhibit the same mode of action as topramezone, -is$xaﬂutolé, and
mesotrione. Potentially these two metabolites may also have herbicidal effects, but there
are no plant data to show if they are herbicide active or not.

HPPD). The effect of topramezone on non-target plants at the carotenoid pigment
development stage is not known. Current plant studies do not address effects at higher
levels of development. Therefore, there is a potential for inhibition |of carotenoid
biosynthesis in non-target plants at higher developmental stages such as prior to
flowering, fruit-development and maturing. ‘

e. Topramezone is a carotenoid biosynthesis inhibitor (via inhibition ;;f an enzyme, 4-




1I. Problem Formulation
A. Stressor Source and Distribution

1. Source and Intensity
Topramezone (BAS 670H) is a new active ingredient proposed as a selectlive, systemic, post-
emergence herbicide for weed control on grain corn, popcorn, seed corn, ahd sweet corn. It may
be used on conventional and herbicide resistant/tolerant hybrids for field cbrn. The proposed end-
use product is ‘BAS 670 H 336 SC”, a soluble concentrate formulation containing 29.7%
topramezone. The proposed label allows ground and aerial applications, but application through
irrigation systems are not allowed. The maximum application rate per grox*ling-seasdlm is 0.022
1bs ai/acre (25 g/ha). A : £

Corn cultivation in the United States is extensive. Thus, a wide range of sAils, climates,
hydrological characteristics, and agricultural practices are expected througilout the J_om growing
areas. Therefore, the use of topramezone is likely to encompass. a wide varjety of ecosystems. As
a herbicide, adverse effects to non-target plants can be anticipated. Topramezone may reach non

target sites by spray drift and/or runoff from adjacent agricultural sites. |
i
2 Chemical Identity of the Stressor |

Topramezone (BAS 670H) is a new herbicide active ingredient belonging fo the phenylpyrazolyl
ketone chemical family of herbicides' Refer to Table II.1 for further chem;hcal ide'ntity
" information. ‘ '.

Table II.1 Chemical Identity of the Stressor

Type of 'Inforinaﬁon Chemical Specific Infdrl:nation :
Common Name 1il‘opramezonq:
Company Code o . BAS670H
CAS Registry Number !' | 210631-68-8
CAS Name " [3-(4,5-Dihydro-3 -isoxaiolyl)—2-methyl-4-(meﬂ1ylsulf< nyl)plienyl] (5-

hydroxy-1-methyl-1H-pyrazol-4}yl) methanone

hydroxy-1-methyl-1H-pyrdzol-4-yl)methanone

IUPAC NAme [3-(4,5-dihydro-isoxazol-3-y)-4-methylsulfonyl-2-methylphenyl]-(5- || .

OPP Name and Code [3-(4,5-Dihydro-3-isoxazol-3-yl)-4- ethanesn.l.(tmyl—Z-methyl—
phenyl](5-hydroxy-1-methyl-1H-pyrazol-4:yl) methanone
: 123009

Empirical Formula - - G16H17N305S

! Other members of this family include benzofenap, pyrazolynate, and pyrazoxyfen
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nge of Information

Molecular Weight

Chemical Specific Information 7

363.39 g/mol

Molecular Structure

Proposed Name of End-use Product

“BAS 670 336SC Post-emergerllt Com Herbicide” (29.7%

a. Physical and Chemical Properties

' -topramezoneL
i

Physical and chemical properties are intrinsic properties of a chemical. Some of these properties
can be use to identify potential behavior of a chemical in the environment. For example, a low
vapor pressure and Henry’s Law Constant suggest low potential for volatilization from soil and
water. The physical and chemical properties of topramezone are presented|in Table I1.2.

Table 1.2 Physical and Chemical Properties of Topramezone | :
. Parameter Vahke .‘;

Solubility in Water (20°) pﬂ_li L-1
3| 0.06
5'! 0.98
7, 15
9| 234

Solubﬂity in Non-aqueous Solvents, g/100 mL at 20°C m Solubili
Acetone <1.0
Acetonitrile <1.0
Dichloromethane 25-29
Ethyl te <1.0
Methanol <1.0
N-heptane : <10
N,N-dimethylformamide 11.4-13.3
1-octanol <1.0
Olive oil <1.0
2-prdpanol . <1.0
Tolu ne 3 <1.0
Dissociation constant (pKa) | 1’ _ 4.06
Vapor Pressure, (25°) 1 x10 "°Pa (Measured)
1.3 x 10 “*° Pa (Estimated by EPI)
Henry’s Law Constant (25°) 3x 107 :Pa ~m3mole-1

(Estimated by EPIWIN 3.1)
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Parameter . Value

Log n-octanol/water Partition Coefficient (Log Kow) at - Buffer QH Log Kow
20°C 4 . -0.81
7 -1.52
9 ~-2.34
UV/visible absorption spectrum (pH not specified) A, nm " g, mol’cm’
(where e is the molar absorption coefficient) 2077 . . © 27077
272 ' 8601

300 : 5800 ||
410 5 410
Other Topramezone is a white solid with a density of 1.425
gcm‘3 and a Melting Point _i'ange 0f220.9't0 222.2°C

Topramezone is a weak acid (pKa 4.06; 1:1 ratio of anionic form to undlssocmted acid). Thus, in
the environmentally 51gmﬁcant pH range of S to 9, topramezone is not hkély to predommate as
the undissociated species. The concentration of dissociated topramezone Will increase with
increasing pH. However, at pHs near the pKa, some undissociated topramezone can'still be
present. In general, anions do not tend to bind to soils/sediments® and therefore, based on the

value of the pKa alone, topramezone is expected to partmon predommantly into the; water
column and to be mobile. . ’

Based on the vapor pressure alone, topramezone has low potential to volatilize from soils. The
low Henry’s Law Constant (estimated) and the high, pH-dependent solubility of topramezone
suggest that topramezone has a low potential to volatilize from water. The! very low; pH
dependent n-octanol/water partition coefficients indicate that topramezone has a very low
potential to bioaccumulate in fish.

Topramezone absorbs energy (i.e., has electronic absorption bands) within the spectrum of
sunlight. Thus, it meets the necessary condition to undergo direct: photoly51s in water. However,
this necessary condition alone can not be used to conclude that it will actually photolyze, as the
absorbed energy must be sufficient to cause bond breaking, rearrangemients, or photoredox

reactions. Therefore, the results of the photolysis in water study must be used to assess the effect
of sunlight on topramezone.

b. Environmental Fate Parameters

Environmental fate parameters are taken from the environmental fate studies required to support
registration of a pesticide. Unlike the intrinsic, physical and chemical properties, environmental
fate parameters are extrinsic properties that are specific to the test media and conditions of the
studies (e.g., type of soil, temperature, moisture content). Therefore, some;information about

I
2 Unless other biding mechanisms, such as chemisorption and hydrogen bondmg are in olved

|
'
1
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these conditions have been included in Table I1.3.

4

Table I1.3 Environmental Fate Parameters for Topramezone
‘ Environmental Half-life Experimental Comments
‘ Studies (Linear) Conditions
161-1 Abiotic Could not be established- pHS,7,and 9,25°C Topramezone is a weak
Hydrolysis | Stable acid (pKa 4.06). The
sblubility and concentration
of the anionic form;r
increases ith increasing
. pH
161-2 [Direct] Photolysis | 132 days based on a 12 hrs Artificial xenon-arc lamp, Even thon‘lgh topramezone
light/dark cycle mimicking spring sunlight at ‘ absorbs energy within the
40° latitude North Tvavelength rlinge of sunlight, |
22°C the observéd photoreaction
quantum Yield ($) is very low.
Thiss, digect photolysis in
. water under environmental
conditions isnot a significant
: degradation route
: T
161-3 Photolysis on Soil | >33 days Artificial xenon-arc lamp, Photolyisis on soil under
mimicking spring sunlight at environmental conditions is
40° ]atitude North not a significant degradation
Sandy loam soil . route
22°C
162-1 Aerobic Soil Topramezone Nature and relative ratio of
Metabolism: | Studies were conducted in biotransformation products,
Topramezone (6 soils) 125 to > 1 year the following soils: including Cd, 4, varied across
loam (Idaho), silt loam the soils
(Indiana), loam (Iowa), clay The most frequently identified
(Minnesota), silt loam metabolite was M670H0S.
1 (South Dakota) and sandy Dnly in one soil “M670H01*
Metabolite M670HO0S 55to>1year loam (North Carolina) was identified at >10% of the {|
(NC sandy loam) Studies with topramezone an applied radioactivity
M670H05 were conducted d
at27°C
162-3 Anaerobic Aquatic | 13 to 24 days (total system) Lake reservoir in South Only metabolite was ||
Deficiencies need to be Dakota; silt loam sediment M670H10, which is
addressed by registrant 25°C sttucturally vety different from
- other metabolites. This
metabolite i$ consistent with |
what is expectled in a reducing

(anoxic) environment.
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Environmental Half-life " Experimental ' Comments
Siudics {Linear) Condiiions
162-4 Aerobic Aquatic System 1: > 120 days (water, | System 1: River water; Marked differences were
» sediment, and total system) loamy sand sediment " -observed in the properties of
" System 2: " | System 2: Pond water; loam water of the two systems.
Water: 11 days; sediment thch proper{y (or properties)
Sediment: 49- 78 days 20°C of the pond water control the
Whole system: 19 to 24 days %ersnstence of topramezone in
. not known.
1
163-1 Mobility in soil ‘Kads (Freundlich): 1.4 t0 4.9 | Same soils as those used in I Topramezone is a weak acid
(Batch-equilibrium Koc: 38 to 303 the aerobic soil metabolism : (pKa 4.06). Thus, the
adsorption/desorption) study | concentration of the anionic
f{)rmincrcas&s with increasing
| pH. The higher the
| concentration of the anionic
form, the weakest the binding
i to soils. However, the pH
| range of the soils was too
nlarrow to adequately correlate
| : mobility with pH

Note: The hydrolysis, direct aqueous photolysis, photolysis on soil, aerobic soil metabolism, and bhtch-ethbnum
adsorption/desorption studies are acceptable. The biotransformation of topramezone in water-sediment systems {anaerobic-and
aerobic) may be acceptable if satisfactory additional information is received from the petitioner. |

From the data summarized in Table I1.3 biotransformation could be identified as a route of
transformation of topramezone in the environment and considerable variability in persistence and
metabolites might be expected across the-use areas of this herbicide. However, time-dependent
sorption, as evidenced from the increase of non-exiractable residues in soils/sediment with time,
might be an important dissipation route for topramezone,

3. Pesticide Type, Class, and Mode of Action

Topramezone belongs to the phenyl pyrazolyl ketone chemical family of herbicides. It is a

selective, systemic herbicide proposed for post-emergence control of broadleaf and grass weeds
on corn.

The mode of action of topramezone is inhibition of carotenoid biosynthesi:s by inhibiting" the 4-
hydroxyphenyl-pyruvate-dioxygenase enzyme (4-HPPD)® in the chlorop!ly;ll pathway and

3 See http://www.plantprotection.org/HRAC/MOA.htm]
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ultimate breakdown of chloroplast. Inhibition of carotenoid* biosynthesis ¢causes “albino growth”
in new piait tissues. Topramezone is absorbed by ilie leaves, roots and shoois, then transiocaied
to the growing points of the sensitive weeds. This causes a strong bleachirig activity on the
growing zones of the shoots within 2-5 days of application. Plant growth C}()es continue for a
time, but without production of green photosynthetic tissue, growth of affected plants cannot be
maintained. Even though topramezone do not directly inhibit chlorophyll $iosyﬁthe$is, direct

~exposure to light (photooxidation) causes plant death within 14 days after ppplicatidn.
Carotenoids are also present in some bird feathers (e.g, flamingo; canary) and some|crustaceans.
The 4-HPPD enzyme also occurs in mammals and is involved in tyrosine ¢atabolismh.

Topramezone shares the same mode of action with isoxaflutole (cyclop_roiz"lisoxaque family of
herbicides) and mesotrione (a triketone belonging to the benzoylcyclohexdnedione family) . The
common structural features associated with 4-HPPD inhibition by these hetbicides are: (1) at
least one carbonyl (keto) group must be a substituted benzoyl group’ and (2) at least a keto group
. is able to enolise (i.e., keto-enol tautomerism that favors the enolate tautorher); It is the enolate
that is capable of inhibiting the enzyme by a competitive reaction of the erlolate with dioxygen
(molecular oxygen) at the Fe(Il) site of the enzyme. This Fe (II) is the reaction site of the enzyme.
‘The Fe(Il) in 4-HPPD is a non-heme Fe(I)°. Inhibition of the enzyme by the enolate involves Fe-

t
!

4

Carotenoids are red, yellow and orange pigments that are widely distributed in ‘namrc. Alth(':)ugh specific
carotenoids have been identified in photosynthetic centers in plants, bird feathers, crustaceans and marigold petals, they are
especially abundant in yellow-orange fruits and vegetables and dark green, leafy vegetables. f

Carotenoids are a class of hydrocarbons (carotenes) and their oxygenated derivatives (xanthophy.l%) consisting] of eight
isoprenoid- units joined in such a manner that the arrangement of isoprenoid units is reversed at the centre of the molecule so that
the two central methyl groups are in a 1,6-positional relationship and the remaining nonterminal yl groups are in a 1,5-

_ positional relationship. All carotenoids may be formally derived from the acyclic structure of C,,Hl having a long central chain
of conjugated double bonds; by (i) hydrogenation. (ii) dehydrogenation, (iii) cyclization, or (iv) oxjdation. or ax?y ¢ combination
of these processes i C
http://www.chem.qmul. ac uk/iupac/carot/carit7.htm ?

5 [2-(methylsulfonyl)-4-trifluoromethylphenyl]- in isoxaflutole, [4-(mcthylsulfony_l)-2-nil;robenzoyl]-zin mesotrione,
and [3+(4,5-dihydro-3-isoxazolyl)-2-methyl-4-(methyl-sulfonyl)phenyl] in topramezone: !

|

6 Zhu, Y-Q, et al. 2005. The Synthesis and Herbicidal Activity of]-AIkyl-3-(a;-hydroxy-s+bstituted
benzylidene)pyrrolidine-2,4-diones. Molecules, 10: 427-434. !

Wu, SC, et al..2002. Mode of action of 4-hydroxyphenyipyruvate dioxygenase inhibition ]by triketone-type inhibitors. J.
Med. Chem., 23, 45(11), pp. 2222-8. ' !

Continuation of Footnote 6
[}
Matriange, M. et al. 2005. p-Hydroxyphenyipyruvate dioxygenase inhibitor resistant plants. Pest ﬁ“[anag Sci. 61(3): 269-76 .

Yan, C, et al. 2004. Structural basis for herbicidal inhibitor selectivity revealed by comparison of %:rystal structures of plant and
mammalian kydroxyphenylpyruvate dioxygenases. Biochemistry, 43(32): 10414-23, '

Meazza, G., et al. 2002 The inhibitory activity of natural products on plant p-hydroxyphenyl-pyruvate dioxygenase .
Phytochemistry, 60(3): 282-8.
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enolate chelation’, which causes a reduction of the activity of 4-HPPD as a dioxygenase. That is,

it inhihitg the mnnrnnmhnn of hoth oxygen atoms of Atnvygnn neadad ta {-"vm humcgen“ sat.,“, a

precursor for plgment biosynthesis®. ThlS mechanism of inhibition also- apphes to animal 4-
HPPD bv decreasing the formation of hamogentisate . a.deotadation nradnet of turacine

.- e e m ey ——

B e e I “"D:"‘"""""‘I'"-"r' LR R )

4. Overview of Pesticide Usage

.As a new herbicide, the extent at which topramezone will be a:ctua.lly used|cannot bé anticipated.
However, it is reasonable to assume that it will be used in major corn growing areas of field,
popcorn, and sweet corn (See Figure I1.1). Therefore, use of topramezone may be widespread and
will expand throughout different ecoregions of North America'® and compare to corn acreage
planted in the United States (Figure II.1) : '

_DIVISIONS

Continuation Footnote 7

Simkin, A L., et al. 2003. Comparison of carotenoid content, gene expression and enzyme levels mltomata (Lycoperstcon
esculentum) leaves. Z. Naturforsch. [C], 58 (5-6): 371-80.

Corona, V., et al. 1996. Regulation of a carotenoid biosynthesis gene promoter during pigment dei'elopment Plnnt J. 9(4): 505-
12. . .

7 From a close inspection of the moiecular structure of topramezone, isoxaflutole, and ml}sotrione- the keto-0xygen can
be identified as the binding atom.

8 Biosyntehesis of homogentisate includes a decarboxylation effect and rearrangement of; the pyruvaté; side chain.

¢

Prwootl, A.J. and Lloyd, M.D. 2000. The Fe(ll) and 2-oxoacid-dependent dzaxygenases and their role in metabolism.
Nat. Prod. Rep., 17, 367-383.

Bassam, A., Borowski, and Sicghbahn, P.E.M. 2004. Quantum chemical studies of dioxygen acnvdtxon by mononuclear non-
heme iron enzymes with the 2-His-1-carboxylate facial triad. Dalton Trans., 3153- 3162.

Sailland, S.L., et al. 1999. Crystal structure of Pseudonomas fluorescens: 4-hydroxyphenyl-pymvat£ dioxygenation in the
tyrosine degradation pathway. Structure Fold Des, 7(8), 977-88.

10htr.p://www.fs.fcﬂ.us/lam:l/ec:osysmgmt/ecomgl_homc.ht.ml
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The Bailey’s classiﬁcation s},'stem is comprised of broad “Domains”(not shown) Each “Domain
The contmental USA (contermmous states) is compnsed of three Domams a Dry Domam
(center), a Humid Temperate Domain (East and West of the Dry Domain)] and a Humid Tropical
Domain (Southern Florida). There are 7 Divisions in the Dry Domain, 11 |in the Humid
Temperate Domain, and 1 in the Humid Tropical Domain.
A brief description of selected provinces where corn is grown is presented|below injan attempt to
show the variability in soils and climate among corn growing areas.

1
Everglades Province (Southern Florida):; Savanna Division:
Almost flat marl and limestone shelf generally covered with a few feet of fnuck and a little sand.
Elevation ranges from sea level to 25 ft (7.6 m). Average annual temperatures in this tropical
climate range from 70 to 75F (21 to 24C), with minimums from October to February. Wet season
between late spring and middle of fall and dry season between late fall and early spring. Histosols
are the principal soils. In slightly less wet parts of the southern Everglades Inceptisols occupy
extensive areas Sweet corn is cultivated in this area. |

Outer Costal Plain Mixed Forest: Subtropical Division (Brown: Eastern UFA)

This province comprises the flat and irregular Atlantic and Gulf Coastal P |ai.ns down to the sea.
The climate regime is equable, with a small to moderate annual temperature range. Average

annual temperature is 60 to 70F (16 to 21C). Rainfall is abundant and wel d1str1buted throughout
the year.

|
Soils are mainly Ultisols, Spodosols, and Entisols ;
| |
Prairie Parkland Temperate Province: Prairie Division (Yellow) !
It covers an extensive area from Canada to Oklahoma, with alternating prﬁ;ie and deciduous
forest. Summers are usually hot, and winters are cold, especially in the northern part of the
province. Average annual temperatures may reach 40F (4C) in the north and 60F (16C) in the
south. Winters are short and relatively mild in southerly areas. The frost-free season ranges from
120 days along the northern fringe to 235 days in the south. Average annual precipitation ranges
from 20 to 40 in (510 to 1,020 mm), falling mainly during the growing season.

Mollisols dominate throughout the provmce. Alfisols are found in the M1 sissippi Valley

Southeastern Mixed Forest: Subtropical Division (Pink, Southeastern USAl)

The climate is roughly uniform throughout the region. Mild winters and hat, humid summers are
the rule; the average annual temperature is 60 to 70F (15 to 21C). The growing season is long
(200 to 300 days), but frost occurs nearly every winter. Precipitation, which averages from 40 to
60 in (1,020 to 1,530 mm) annually, is rather evenly distributed throughow the year, but peaks
slightly in midsummer or early spring, when it falls mostly during thunderstorms. Precipitation




exceeds evaporation, but summer droughts occur. Snow falls rarely and mplts almost

.
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Ultisols dominate throughout the region, with locally conspicuéus Vertisois formed from marls
or soft limestones. The Vertisols are clayey soils that form wide, deep craéTks when dry.

Inceptisols on floodplains of the major streams are among the better soils ffor crops:
|

Figure I.1
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The maximum proposed application rate is 0.022 1b.ai/acre (25 g/ha) per growing season. is. It
may be applied in 2 split applications not to exceed the seasonal total maximum of 0,022 1b
ai/acre, allowing 7 days between sequential application. Aerial and ground applications are
proposed, but application through irrigation systems are not allowed. As a:post-emergence
herbicide, it will be applied when weeds are actively growing. The product may be used in
conservation tillage as well as conventional tillage productior systems.

Topramezone needs to be applied in conjunction with a nitrogen fertilizer pnd a petroleum -based
or vegetable- seed based oil concentrate or a methylated seed oil as adjuvant. It may be mixed
with other recommended herbicides, but should not be mixed with isoxaflutole or mesotrione.
Topramezone can be applied up to 45 days prior to corn harvest Therefore, time of application is

expected to vary depending on the typical harvest period for different use ér,eas and type of corn
‘CYop. I

S. Receptors
1. Aquatic Effects

: | .
For the aquatic ecosystem, ecological receptors include all aquatic life (fish, amphibians,
invertebrates, plants) and those terrestrial animals (e.g., birds and mammals) that consume
aquatic organisms. Based on the above sources/transport pathways, exposure media, and
potential receptors of concemn, specific questions or risk hypotheses formuk:fed to characterize
direct effects of topramezone application to selected assessment endpoints! is provided below.

|
|

Risk to aquatic animals are based on registrant submitted acute and sublethal laboratory tests
with aquatic vertebrates (Rainbow trout, Bluegill sunfish and Sheepshead minnow) and
invertebrates (Water fleas, Mysid shrimps and Eastern oysters) Risk to aquatic vascular and
nonvascular e%lants will be based on registrant submitted short-term tests tc# algae and diatoms,
-and duckweed. 4 A

2. Terrestrial Effects 5
Ecological receptors of concern identified for consideration in the terrestrial environment include
primary producers, represented by both upland and wetland/riparian vegeté,tion, and primary and
secondary consumers, both vertebrates and invertebrates, representing common ecological
functional feeding groups (i.e., herbivores-and insectivores). Herbivores as used here include
animals that feed on foliage (stems and leaves), seeds, and/or fruit; the term granivore is
sometimes used to identify animals that feed primarily on seeds. Omnivores (i.e., consumers that
feed on a mixed diet of animals and plants) are also potentially exposed buE. are not specifically
included in the receptor list for a screening level risk assessment because exposure -
concentrations and risk levels will fall between the exclusive feeding groups.

Based on the §c_>urces/t_ransp6rt pathways, exposure media, and potential reteptors of concern,
specific questions or risk hypotheses formulated to characterize direct effects of topramezone
following application on areas to selected assessment endpoints is provided below.

-

'
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Risk to terrestrial animals wﬂl be based on registrant submitted acute and reproductive laboratory
tests with birds (Northern bobwhite quail and mallard duck) and mammals (Norway rat or house
mouse). to represent all terrestrial vertebrates. Risk to terrestrial plants will be assessed using
registrant submitted vegetative vigor and seedling emergence laboratory tests with 10 species of

crops (six dicots: soybean, cabbage, lettuce, radish, tomato and bean; four lmonocots ryegrass,
onion, wheat, and corn). .

3. Ecosystems at Risk ‘

The terrestrial ecosystems potentially at risk include the treated area and areas immediately
adjacent to the treated area that might receive drift or runoff, and might in¢lude other cultivated
fields, fence rows and hedgerows, meadows, fallow fields or grasslands, woodlands, riparian
habitats and other uncultivated areas. For Tler 1 assessment purposes, risk will be assessed to
terrestrial animals assumed to exclusively occur in the treated area. Risk will be assessed to
terrestrial plants assumed to exclusively occur in areas immediately adj acént to, and in wetlands
receiving runoff from treated areas.

)

Aquatic ecosystems potentially at risk include water bodies adjacent to, or|down stream from the
treated field and might include impounded bodies such as ponds, lakes and reservoirs, or flowing
waterways such as streams or rivers. For uses in coastal areas, aquatic habitat also includes
marine ecosystems including estuaries. For Tier 1 assessment purposes, risk will be assessed to

aquatic animals and plants assumed to occur in small, static ponds recei g runoff and drift from
treated areas.

As a new chemical, the use areas of topramezone are not known, but it is 1 easonable to assume
that it may be used in major corn growing areas. However, corn cultivatio d? in the United States is
very widespread and includes a wide range of soils; climates, altitude, hy: ology, and weather
patterns that can support different and distinct ecosystems. For examplc c rn grown in the Mid-
Atlantic states or Florida may be close to wetlands and marine ecosystems|while corn grown
and/or fields draining along the Mississippi basin would be predominantly) freshwater
ecosystems. It should be noted that Florida is a major grower of sweet corn and that the sweet
corn growing areas are predominantly located in counties around the Ever#lades

Because corn is grown practically within all latitudes of the country, plant' g times, times of
weed emergence, growing season , and harvest times can vary considerably from region to
region, Even for corn grown in the same area, differences in use scenanos can be expected when
com is grown as “sweet corn” (a warm weather crop) or as “field corn”, given that the intervals
between planting and harvesting are shorter for sweet corn than for ﬁeld com.

B. Assessment Endpoints

Environmental Fate Assessment

|
t

Laboratory scale and field studies serve to identify the most important routes of
dissipation of a chemical stressor under environmental conditions. It is important to recognize
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that the studies are conducted on a limited number of test systems (soils; water-sediment
systems), experimental conditions, and field sites. Therefore. environmental fate and exposure

_ assessments are limited by guideline design and number of test systems, whxch may not be
representative for all of the potential use areas of a pesticide.

Four major components enter in any environmental fate as_sessmen}t of a chemical:

1. Kinetics- Identification of how fast and in which media ¢1e chemical dissipates
" (i.e., the persistence of the chemical) ‘

2. Transformation- Identification of processes (abiotic and rmcroorgémsm
. mediated) involved in the degradation of the chemical in dlﬁJerent
environmental media, the nature of the transformation products and

molecular features that may suggest potential herbi ndal effects of these
__products.

3. Transport- Identification of the potential movement of tﬂe chemicél (or
transformauon products) in the different environmental compartments

4.Accumulation- Identification of the potential of a chemlcI (or transformation
products) to accumulate in soils and/or sediments or to bxoac}:umulate in
organisms. |

Ecological Toxicity Assessment Endpoints |

|.

The measurement endpoints addressed in‘this assessment include survival] growth, and
reproduction of individual terrestrial and aquatic animals and by 1nference1 health of populations
and communities. Effects to terrestrial animals are assessed by con31dermg the potential for

survival and reproductive risk to birds and mammals. These effects seen m blrds are 1ntended to
also represent potentlal risk to reptiles.

| H
Effects to aquatic animal communities are assessed by considering potential for survival risk to’
individual freshwater and estuarine/marine fish and invertebrates, sub-lethal effects to fish and
reproductive effect to freshwater invertebrates. The assessment cannot address potential for
reproductive risk to a broad range of aquatic animals because reproductive toxicity tests are only
available for invertebrates. Therefore, there is uncertainty in the potential for adverse effects to
aquatic communities (except mvertebrates) through potential reproductiveeffects. The fish early

life stage study results compared to aquatic EECs suggests low sub-lethal nsk, but that study
does not address reproductive endpoints.

Effects to aquatic plant communities is assessed by analyzing the potentla.ll risk to gl;owth of
vascular and nonvascular populations. Effects to terrestrial plant: commumhes is determined by
assessing potential growth and survival of individual plants.

Generally, for either terrestrial or-aquatic ecosystems, if a screening level dssessment using upper
bound exposure levels in conjunction with the most sensitive toxicity values result ina
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presumption of minimal risk at the individual level, that is, no LOCs are exceeded, thereisa
substantial degree of certainty of minimal impacts to Donulatlons or.communities. A presumption
of risk at the individual level could indicate a population or community effect. Refinement of the
risk conclusions would be then needed to draw reasonable conclusions regardmg the potentlal for
population or community effects from the screening level assessment.

Specific toxicity endpoints required and used for ecological assessment of topramezone are listed
below. A detailed characterization of the rationale for the use of these endpoints may be found in
“Overview of the Ecological Risk Assessment Process in the Office of P 1c1de Programs”
(http://www.epa.gov/espp/consultation/ecorisk-overview.pdf)

C. Conceptual Model
1. Risk Hypotheses

Risk hypotheses are specific assumptions about potentlal adverse effects (; €., changes.in
assessment endpoints) and may be based on theory and logic, empirical data, ‘mathematical
models, or probability models (EPA, 1998). For this assessment, the risk is stressor-lmked
where the stressor is the release of topramezone to the environment via aerial or ground

applications to corn The following risk hypothesis is presumed for this screening level
assessment: 4 .

Topramezone has the potential to runoff from soils (high mobility and persistence) and/or enter
surface water or non-target fields by spray drift. Thus, topramezone has the potential to affect the
food-web of the non-target aquatic and terrestrial ecosystems and cause reduced survival, and-
reproductive and/or growth impairment for both aquatic and terrestrial and plant species.
Furthermore, topramezone inhibits the biosynthesis of carotenoids, which tould result in
discoloration of plants that are attractive to animals as food source. This lﬁst point is mentioned
as a possible effects, but is not specifically assessed in this document. |

|

l

2. Conceptual Model Diagram ;

i
|
A generalized, conceptual model for topramezone is shown in Figure [L.2 |
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Figure I1.2

| Topramezone applied as a ground and aerial spray 10 com |
— 1 N
. l _
Source/ | Volatiization| | Direct | Spray Runofff ! Leaching
Transport / Wind Deposition Drift Erosion ! (infiltratiory
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Media , | ‘ i : : ﬂ.l Imigation waterl
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Route RootUptake  Root Uptake Adsorption {Integument upthe
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. Reptiles, Temestrial Plants Plants uatc . Birds,
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Reduced ; growth
*Long~ange transport with dryaet deposition onto soil, foliage, receiving water body resulting in same growth Reduced
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“*Movement up the food chain |s unlikely with Topramezone because of low Kow fepmdUCﬁOn -

Conceptual Model for Exposure Routes for Topramezone Herbicide

8
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This generalized conceptual model diagram (Figure 11.2) does not include gxposure to
transformation products or other dissipation processes that are specific to fopramezone. A
preliminary environmental fate assessment indicated that transformation of topramezone in the
environment is controlled by microorganisms (i.e., biotransformation). However, this preliminary
assessment also suggested that time-dependent. sorptlon may be controlling the overall

dissipation of topramezone in soils and/or sediments as a competitive pro SS w1th
biotransformation.

The chemical species to which animal and plants may be ‘exposed, in whlch media, and the route
of exposure are summarized below. All of these chemical specxes were cons1dered in the
exposure assessment, at least qualitatively.

Potential Exposure of Topramezone and Metabolites in Ecosystems.

Chemical Species Observed Route of Exposure !Exposure '
Topramezone All studies (Test Direct application to treated Terrestrial
substance) field ' A quan c
Spray drift
Runoff.
“M670HOS5" Aerobic Soils Formation in the treated field Ten‘estnal (as high
C as 16%)
Runoff
:‘ Aqup.nc
“M670HO1" Some aerobic soils | Formation in the treated field Teirrestrial (l(é)%)
‘Aerobic water- Runoff |Aquatic (10%)
sediment system Formation in aerobic water- '
sediments ‘
“M670H10" Anaerobic water- | Formation in anaerobic water- Aquanc (15%
sediments sediments water)

Of these metabolites, “M670H01" and “M670H10" have molecular'featur ‘that suggest that they

may potentially exhlblt herbicidal activity, but no plant toxicity data or oth I ecological toxicity
data are available for these metabolites.

~i
i

E. . Analysis Plan . -
1. Preliminary Identification of Data Gaps and Methods

As the first step in the analysis plan, environmental fate and toxicity studles were evaluated for
completeness of data required under FIFRA and the scientific validity of the submitted studies.
Data from these studies were taken to gather the necessary information to dssess th