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Part A.

1PROPOSAL FOR HARMONISED CLASSIFICATION AND LABELLIN G
1.1 Substance

TABLE 1: SUBSTANCE IDENTITY

Substance name: Flumioxazin (1ISOY-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynyl
2H-1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboxiei

EC number: -

CAS number: 103361-09-7

Annex VI Index number] 613-166-00-x

Degree of purity: 96.0% (w/w)
(equivalent to 960 g/kg)

Impurities: Confidential information. None of togilogical concern

1.2  Harmonised classification and labelling propoda

Flumioxazin (ISO)N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk2-1,4-benzoxazin-6-
yl)cyclohex-1-ene-1,2-dicarboximide was includeddmex | of Commission Directive
2001/59/EEC adapting to technical progress fo2@fetime Council Directive 67/548/EEC"6
August 2001. The classification “Repr. Cat. 2; R@HSs based on developmental effects in the rat
and presumed relevance to humans (refer to P&e&jon 4.11 for details). An extensive program
of research with flumioxazin has successfully elatéd the mechanism of the developmental
toxicity in rats and determined its relevance tahuns. The results of this research provide
evidence that the rat is particularly sensitivéhm toxic effects of flumioxazin whereas this is
unlikely to be the case in humans. Therefore, agsal to change the current harmonised
classification and labelling of flumioxazin (ISQY:(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk
1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboxieniths been prepared. This proposal focuses
on the change in classification of flumioxazin ([S@-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynyl-
2H-1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboxienrelated to reproductive toxicity and
therefore, this proposal only includes data reletathe assessment of this hazard class.

TABLE 2: THE CURRENT ANNEX VI ENTRY AND THE PROPOS ED HARMONISED CLASSIFICATION

CLP Regulation Directive 67/548/EEC (Dangerous
Substances Directive; DSD)
Current entry in Annex VI, | Repr. 1B, H360D Repr. Cat. 2, R61
CLP Regulation Aquatic Acute 1H400, N; R50-53
Aquatic Chronic 1H410 N; R50-53: C = 0,025 %

N; R51-53: 0,0025 % < C < 0,025 %

R52-53: 0,00025 % C < 0,0025 %
M factor acute = 1000,

Current proposal for Removal of Repr. 1B H360D (May damage| Removal of Repr. Cat. 2; R61 (May

consideration by RAC the unborn child) cause damage to the unborn child)
Addition of M factor chronic = 1000

Resulting harmonised Aquatic Acute 1; H400, N; R50-53

classification (future entry | Aquatic Chronic 1; H410 N: R50-53: C = 0,025 %

in Annex VI, CLP N; R51-53: 0,0025 % < C < 0,025 %




M factor acute = 1000,
M factor chronic = 1000

Regulation) R52-53: 0,00025 % C < 0,0025 %

1.3  Proposed harmonised classification and labeliinbased on CLP Regulation and DSD criteria

The proposed classification and labelling of flurarin (ISO);N-(7-fluoro-3,4-dihydro-3-oxo-4-
prop-2-ynyl-H-1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboxieibased on the removal of

the classification for reproductive toxicity is prded in Table 3 and Table 4.

TABLE 3: PROPOSED CLASSIFICATION ACCORDING TO THE CLP REGULATION

CLP Hazard class | Proposed classification |Proposed Current Reason for no
Annex | SCLs and/or |classification® classificatior?
ref M-factors

3.1. | Acute toxicity - oral | No classification - Ndassification Conclusive but

not sufficient for
classification
Acute toxicity — No classification - No classification Conclusivet bu
dermal not sufficient for
classification
Acute toxicity - No classification - No classification Conclusivetbu
inhalation not sufficient for
classification

3.2. | Skin corrosion / No classification - No classification Conclusivetbu
irritation not sufficient for

classification

3.3. | Serious eye damageMo classification - No classification Conclusivetbu
eye irritation not sufficient for

classification

3.4. | Respiratory No classification - No classification Conclusivet bu
sensitisation not sufficient for

classification

3.4. | Skin sensitisation No classification - No slfisation Conclusive but

not sufficient for
classification

3.5. | Germ cell No classification - No classification Conclusivetbu
mutagenicity not sufficient for

classification

3.6. | Carcinogenicity No classification - No clagsifion Conclusive but

not sufficient for
classification

3.7. | Reproductive toxicityNo classification - Repr. 1B (Hazard | Conclusive but

statement: H360D: | not sufficient for
May damage the | classification
unborn child)

3.8. | Specific target organNo classification - No classification Conclusivet bu
toxicity —single not sufficient for
exposure classification

3.9. | Specific target organNo classification - No classification Conclusivet bu
toxicity — repeated not sufficient for
exposure classification




CLP Hazard class | Proposed classification |Proposed Current Reason for no
Annex | SCLs and/or | classification”) classificatior?’
ref M-factors
3.10. | Aspiration hazard No classification - No sléisation Conclusive but
not sufficient for
classification
4.1. Hazardous to the Addition of | Aquatic acute 1
aquatic environmen M (chronic) = | Aquatic chronic 1
1000 M (acute) = 1000
5.1. | Hazardous to the |No classification - No classification Data lacking

ozone layer

Dncluding specific concentration limits (SCLs) andfattors
2 Data lacking, inconclusive, or conclusive but ndfisient for classification

Proposed labelling:

Signal word:

Hazard pictogram:

Hazard statements:

Warning

Proposed notes assigned to an entry:

Not applicable

TABLE 4. PROPOSED CLASSIFICATION ACCORDING TO DSD

H410: Very toxic to aquatic life with long lastimdfects.

Hazardous property

Proposed
classification

Current classificatiorY

Reason for no
classificatior?

Acute toxicity

No classification

No classification

Conclusive but not
sufficient for
classification

Acute toxicity — irreversiblg

No

damage after single exposure

classification

No classification

Conclusive Imot
sufficient for
classification

t

Repeated dose toxicity No classification No clasatfon Conclusive but no
sufficient for
classification

Irritation / Corrosion No classification No class#tion Conclusive but no

sufficient for
classification

t

Sensitisation

No classification

No classification

ornClusive but not]
sufficient for
classification

Carcinogenicity

No classification

No classification

Conclusive but not
sufficient for
classification

Mutagenicity — Genetic

No classification

No clagsifion

Conclusive but no

-10 -



Hazardous property Proposed Current classificatio Reason for no

classification classificatior?’
toxicity sufficient for
classification
Toxicity to reproduction — | No classification No classification Conclusive Inatt
fertility sufficient for
classification
Toxicity to reproduction — | No classification Repr. Cat. 2; R61 May cause htarm| Conclusive but not
development the unborn child sufficient for
classification
Toxicity to reproduction — | No classification No classification Conclusive Inatt
breastfed babies. Effects gn sufficient for
or via lactation classification
Environment N; R50-53

DIncluding SCLs
2 pata lacking, inconclusive, or conclusive but ndfisient for classification

Proposed labelling:
Indication of danger:

DANGEROUS FOR THE ENVIRONMENT (N)

R-phrases: R50/R53 very toxic to aquatic organisms, may c&oisg term
adverse effects to the aquatic environment

2 BACKGROUND TO THE CLH PROPOSAL

2.1  History of the previous classification and labéng

Flumioxazin (1SO); N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynyl-2H-1,4-h#oxazin-6-
yl)cyclohex-1-ene-1,2-dicarboximide was included Annex | of Commission Directive
2001/59/EEC adapting to technical progress for28&time Council Directive 67/548/EEC™"6
August 2001.The classification “Category 2; R61 Mayse damage to the unborn child” is based
on effects observed in the rat developmental toxgtudies.

2.2  Short summary of the scientific justification 6r the CLH proposal

The previous studies are considered to be adequaissessing the developmental toxicity of
flumioxazin, however since the initial inclusionfidmioxazin further mechanistic work has been
undertaken to demonstrate the effects observeldeimat (embryolethality, teratogenicity (mainly

ventricular septal defects and wavy ribs) and gnovdtardation) are species specific and not
considered relevant for humans.

Mechanistic research has established that toxectsfiobserved in the developmental studies and
to a lesser extent the repeat dose studies (haemiaity) result from inhibition of the enzyme
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protoporphyrinogen oxidase (PRO)he effects reported in the rat developmentalystuere
observed in the absence of maternal toxicity. éwtdbbit developmental study, whilst the
administered dose was 100-fold greater and mateyraity was observed; no embryolethal or
teratogenic effects were observed. There is comgnevidence for a single mode of action
causing the developmental toxicities in the rae $hquence of key biological events in the
proposed mode of action has been elucidated. bndmbof PPO interferes with normal haem
synthesis, which causes loss of blood cells leattirfgtal anaemia, embryolethality and the
development of malformations. Rats are particuladgsitive to the effects of PPO inhibition
induced by flumioxazin in erythroblasts. This ledaolsinaemia that is a critical precursor of the
developmental toxicity resulting from flumioxazirposure. The systemic dose-response for this
key event has proved to be very steep: half-doséban without any effect.

In contrast, humans are unlikely to develop anaereglting from inhibition of PPO. This
conclusion is based on (1) clinical findings th&dPdeficient patients with Variegate Porphyria
show no signs of anaemia, (2) experimental evideheé flumioxazin does not reduce haem
production in K562 cells, which are derived frormtan erythroleukemia, and (3) that humans are
less sensitive to PPO inhibition than rats.

Pharmacokinetic modelling in the rat and the hupradlicts that human erythroblasts would be
insusceptible to flumioxazin at exposure equivaterd maternal dose exceeding 1000 mg/kg/day,
thus demonstrating the large species differensemsitivity. In addition, as a result of the
decrease in absorption rate with oral dose, theesys daily dose cannot exceed value of
approximately 100 mg/kg bw.

Overall, it is concluded that the rat is an inapmpiae model for assessing the developmental
toxicity of flumioxazin in humans because, unlikenans, they are highly sensitive to PPO
inhibition, resulting in fetal anaemia and consedwievelopmental toxicity. There is considered
to be no plausible scenario whereby humans woulat sk of developmental toxicity given the
species differences in susceptibility to flumioxaand potential for anaemia.

According to both Boobist al (2008) and Lavellet al (2012) where a mode of action in animals
can be demonstrated and judged to be quantitatirelgvant to humans this should be integrated
in the risk assessment improving both the religbdind validity of the results. Consequently, if
the mode of action for reproductive toxicity candsmonstrated to be irrelevant to humans, there
is no requirement to classify flumioxazin. Thereaigonvincing weight of evidence to conclude
that flumioxazin would not present a reproductiezdrd to humans and should not be classified
for reproductive toxicity based on the criteria fdassification in Regulation EC 1272/2008.
Therefore, removal of the current reproductive ¢dyiclassification is warranted.

The 2nd ATP to CLP brought in new criteria for slfisation of long-term hazards to the aquatic

environment (e.g. use of chronic toxicity datalassification and separate M factors for acute and
chronic toxicity). The environmental hazard assesgmvas performed in order to determine the
chronic M-factor, currently not included in Annex & CLP Regulation.

Environment CLH proposal justification:

L1 PPO is responsible for th& Btep in haem production, by removing hydrogen aténem protoporphyrinogen IX to
form protoporphyrin IX. Ultimately protoporphyrinXl forms haem in the "8 step of haem productioria
ferrochelatase.
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Aquatic acute category 1 (H40@)llows from the acute toxicity of the active sudrste toLemna
gibba EGp < 1 mg a.s./L (E€ = 0.00035 mg a.s./L, Hoberg, 1996b). A M-factorl®00 is
applicable based on 0.0001 <4¢20.001 mg a.s./I.

Aquatic chronic category 1 (H410) follows from thleronic toxicity of the active substance to
Navicula pelliculosaNOEC< 1 mg a.s./L (NOEC < 0.000042 mg/L, Hoberg, 1996&) the fact
that the active substance is not readily biodedpiadand not rapidly biodegradable. A M-factor of
1000 is applicable based on 0.00001 < NGHT0001 mg/I.

R50 follows from the acute toxicity of the activebstance to the most sensitive tested aquatic
organisms with E€ < 1 mg a.s./l{Lemna gibbaEGCsy = 0.00035 mg a.s./L, Hoberg, 1996b).

R53 follows from the fact that the active substaisasot readily biodegradable.
2.3 Current harmonised classification and labelling

2.3.1 CURRENT CLASSIFICATION AND LABELLING IN ANNEX VI, TABLE 3.1 IN THE CLP
REGULATION

Classification

Repr. 1B, H360D (May damage the unborn child),
Aquatic Acute 1; H400,

Aquatic Chronic 1; H410,

M factor acute = 1000.

Labelling
Signal word: Danger

Hazard pictogram:
GHSO08

GHS09

Hazard statements: H360D: May damage the unborn child
H410: Very toxic to aquatic life with long lastimffects

2.3.2 CURRENT CLASSIFICATION AND LABELLING IN ANNEX VI, TABLE 3.2 IN THE CLP

REGULATION

Classification

T; R61 (May cause harm to the unborn child)

N: R50-53
Labelling
Indication of
danger:

Toxic (T) Dangerous for the environment (N)
R-phrases: Repr. Cat. 2; R61 May cause harm to the unborm chil
N: R50-53
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2.4 Current self-classification and labelling

2.4.1 CURRENT SELF-CLASSIFICATION AND LABELLING BAS ED ON THE CLP
REGULATION CRITERIA

Classification
As perthe Annex VI entry

2.4.2 CURRENT SELF-CLASSIFICATION AND LABELLING BAS ED ON DSD
CRITERIA

Classification

As perthe Annex VI entry
Labelling

As perthe Annex VI entry

3  JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY  LEVEL

There are data available to show that the exidtangnonised classification for flumioxazin (ISO);
N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk2-1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-
dicarboximide, Repr. 1B (H360D) in accordance withP (Repr. Cat. 2; R61 in accordance with
Dir 67/548/EEC) is incorrect. Therefore, actionrexjuired at the Community level and this
proposal seeks to amend the existing entry in Anfiex

This proposal has been prepared by Sumitomo Ché@aaltd. in accordance with Article 37(6)
of CLP and submitted by the Czech Republic
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Part B.

SCIENTIFIC EVALUATION OF THE DATA

LIDENTITY OF THE SUBSTANCE

1.1 NAME AND OTHER IDENTIFIERS OF THE SUBSTANCE

TABLE 5: SUBSTANCE IDENTITY

EC number: -

EC name: Flumioxazin (ISO)N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk21,4-
benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboximide

CAS number (EC 103361-09-7

inventory):

CAS number: 103361-09-7

CAS name: 2-[7-fluoro-3,4 —dihydro-3-o0xo0-4-(2-progy)-2H-1,4- benzoxazir]
6-yl]-4,5,6,7-tetrahydro-Hi-isoindole-1,3 (21)- dione

IUPAC name: N-(7-fluoro-3,4 —dihydro-3-oxo0-4-prop-2-ynyl21,4- benzoxazin
6-yl)cyclohex-1-ene-1,2-dicarboximide

CLP Annex VI Index 613-166-00-x

number:

Molecular formula: G@oH15FN2O4

Molecular weight range: | 354.33
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Structural formula:

HC\\

O
?—N 0o
F o}
1.2COMPOSITION OF THE SUBSTANCE

TABLE 6: CONSTITUENTS (NON-CONFIDENTIAL INFORMATIO N)

Constituent Minimum concentration Concentration range Remarks

Flumioxazin (ISO)N-(7- 96.0% (W/w)
fluoro-3,4-dihydro-3-oxo- (equivalent to 960 g/kg)
4-prop-2-ynyl-H-1,4-
benzoxazin-6-yl)cyclohex-
1-ene-1,2-dicarboximide

96.0 - 100% (w/w)

Current Annex VI entry: flumioxazin (ISON-(7-fluoro-3,4-dihydro-3-oxo0-4-prop-2-ynylk
1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboxienAhnex VI index numbes13-166-00-x.

Details on the current classification are refertedn Part A, Section 2.3. There are M-factors
associated with flumioxazin (ISO); N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk2-1,4-
benzoxazin-6-yl)cyclohex-1-ene-1,2-dicarboximided ahere are no notes associated with its
Annex VI entry.

TABLE 7: IMPURITIES (NON-CONFIDENTIAL INFORMATION)

Impurity Minimum concentration Concentration range Remarks

No impurities of
toxicological concern

Current Annex VI entry: Not applicable

The manufacturer has requested that the impuridfilerremains confidential, therefore this
information is presented in the IUCLID 5 techniadbssier only. The minimum purity of
flumioxazin (1SO); N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk21,4-benzoxazin-6-
yhcyclohex-1-ene-1,2-dicarboximide is 96.0% aneréhare ten process impurities present. These
have been taken into consideration in the clasgiio and are not considered to be of additional
concern.

TABLE 8:ADDITIVES (NON-CONFIDENTIAL INFORMATION)

Additive

Function

Typical concentration

Concentration range

Remarks

None -

Current Annex VI entry: Not applicable
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1.2.1.Composition of test material

Where available, the purity of the tested mateisaprovided in the relevant sections. The
reported studies are considered to be representattithe material as specified above.
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1.3 PHYSICO-CHEMICAL PROPERTIES

TABLE 9:SUMMARY OF PHYSICO - CHEMICAL PROPERTIES

key study
purity: 99.9%

Property Value Commernt Remarkd Reference
(quideling, GLP status)
State of the substance at 20°C and 101,3 kP&Vhite powdery solid Visual
(Guideline n/a; GLP)
Melting/freezing point 203.51 —209.74°C Measured 1 (reliable without
(OECD 102, EEC A.1; GLP) restriction)
- . X — Foster (2011)

Boiling point Could not be determined due decompositipiMeasured key study
OECD 103, EEC A.2; GLP) at 273°C purity: 99.6%
Relative density 1.4157 g/crfi(20.1°C) Measured
(OECD 109, EEC A.3; GLP)
Vapour pressure 0.00032 Pa (22°C) Measured 1 (reliable withoytPesselman (1990
(OECD 104 (gas saturation method), GLP) restriction)

key study

purity: 99.5%
Surface tension 70.9 mN/m (20°C) Measured 1 (reliable without Wells (1999)
(EEC A.5; GLP) restriction)

key study

purity: 99.0%
Water solubility 0.786 +0.1081 mg/L (20°C) Measured 1 (reliable with | Foster & Moseley
(OECD 105, EEC A6 (column elution restriction) (2011)
method); GLP) key study

purity: 99.6%
Partition coefficient n-octanol/water Log R,, = 2.55 (20°C, pH 5.92 — 5.98) Measured 1 (reliantbout | Yamadaet al
(OECD 107 (shake flask method); GLP) restriction) (1990)

Flash point
(n/a)

n/a

Not measured as flumioxazin
is a solid with m.p >40°C
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Property
(quideling, GLP status)

Value

Comment

Remarkd

Reference

Flammability Classified as not highly flammable, no Measured 1 (reliable without | Russell (1994a)
(EEC A.10; GLP) ignition observed restriction)

key study

purity: 99.4%
Explosive properties Flumioxazin did not explode under the tes 1 (reliable without | Sweetapple
(EEC A.14, GLP) conditions restriction) (1990)

key study

purity: 97.6%
Auto-flammability No auto-flammability occurred up to 420°( Measured 1 (reliable without | Russell (1994b)

(EU method A.16; GLP)

restriction)
key study
purity: 99.4%

Oxidising properties n/a Not measured as flumioxazin| - Radcliffe (1993)
(Theoretical assessment; non-GLP) does not contain functional

gps associated with

oxidising/reducing activity
Dissociation constant n/a Not measured as flumioxazin| 1 (reliable without | Furuta (1991)
(OECD 112; Non-GLP) decomposed at pH>9 and no| restriction)

spectral changes were key study

observed at pH7. purity: 99.5%
Viscosity n/a Not measured n/a as - -

(US EPA OPPTS 830.7100; GLP)

flumioxazin is a solid

1.Where appropriate, methods employed were guielelimpliant

2.Measured or estimated

3.Studies evaluated according the criteria sebgutlimischet al (1997)
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2MANUFACTURE AND USES
2.1MANUFACTURE

Flumioxazin is manufactured in Japan.

2.2IDENTIFIED USES

Flumioxazin (1SO); N-(7-fluoro-3,4-dihydro-3-o0xo0-4-prop-2-ynylk-1,4-benzoxazin-6-
yhcyclohex-1-ene-1,2-dicarboximide is a herbicidigh a long history of agricultural use for the
pre-emergence control of many annual broad-leawestie/and some annual grasses.

3  CLASSIFICATION FOR PHYSICO-CHEMICAL PROPERTIES

Flumioxazin (ISO)N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk2-1,4-benzoxazin-6-
yl)cyclohex-1-ene-1,2-dicarboximide is not classdfiwith respect to physico-chemical properties.
This is not considered further in this dossier.

4  HUMAN HEALTH HAZARD ASSESSMENT

The focus for this classification proposal is tlystematic evaluation of the reproductive hazard
potential of flumioxazin (ISO)N-(7-fluoro-3,4-dihydro-3-oxo-4-prop-2-ynylk-1,4-benzoxazin-6-
yhcyclohex-1-ene-1,2-dicarboximide and consequerithe following human health hazard
assessment is restricted to information relevatiéoproposal, including additional information on
repeat dose toxicity, toxicokinetics during gestatin vitro toxicity and reproductive toxicity. All
unpublished regulatory guideline studies condudtetbre and after flumioxazin (ISON-(7-
fluoro-3,4-dihydro-3-o0xo-4-prop-2-ynyl¥2-1,4-benzoxazin-6-yl)cyclohex-1-ene-1,2-

dicarboximide was last reviewed for harmonised ssfestion in 2001 are summarised. Where
relevant, published studies from the scientifierbiture are also summarised and those published
after 2001 are highlighted as new information.

The information provided in sections 4.7 and 4.6 @wsed only as supportive data for toxicity to
reproduction.

4.1 TOXICOKINETICS (ABSORPTION, METABOLISM, DISTRIBUTIO N AND
ELIMINATION)

Refer to Section 4.12.1.

4.2 ACUTE TOXICITY

Not relevant for this proposal.

4.3 SPECIFIC TARGET ORGAN TOXICITY — SINGLE EXPOSURE (S TOT SE)

Not relevant for this proposal.

4.4 |IRRITATION

Not relevant for this proposal.
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4.5 CORROSIVITY

Not relevant for this proposal.

4.6 SENSITISATION
Not relevant for this proposal.
4.7 REPEATED DOSE TOXICITY

The results of the subchronic repeat dose toxatilgies considered relevant to this proposal are
summarised. For convenience the chronic toxicigulte in the combined chronic toxicity and
carcinogenicity study in the rat are summarisefention 4.10.

4.7.1 NON-HUMAN

4.7.1.1REPEATED DOSE TOXICITY: ORAL

The results of experimental studies on repeat dftee oral exposure are summarised in the
following table:

TABLE 10: OVERVIEW OF EXPERIMENTAL STUDIES ON REPEA TED DOSE TOXICITY AFTER ORAL
ADMINISTRATION

Method Results Remark$ Reference

90d, rat (SD) (12 animals/sex/gidJIOAEL: ca. 1000 ppm (male/female) based dh(reliable withou|Hagiwara
oral: feed changes in haematological parameters alongrestriction) (1989)

0, 30, 300, 1000, 3000 ppm with increased incidences of extramedullary key study SBT-91-0002

. haematopoiesis in the spleen and increased oo
Emu;\;dobz'zg’zzgf’?6$i7ézg:23§5 Llabsolute spleen weights, relative liver and purity: 98.4%

D . .
mg/kg/d (F)] spleen weights in both males and females at
3000 ppm
EPA OPP 82-1, GLP
90d, rat (SD) (10 animals/sex/g@OAEL: ca.300 ppm (male) based on 1 (relisble without Adachi (1991
oral: feed increased liver, heart, kidney and thyroid  |restriction) SBT-10-0023

0, 30, 300, 1000, 3000 ppm | VeigNts key study

[equiv. 0, 1.9, 19.3, 65.0, 196.7|NOAEL: ca. 30 ppm (female) based on | 5 yrity: 94.8%
(M) and 0, 2.2, 22.4, 72.9, 218.4haematological changes (including anaemia and
mg/kg/d (F)] extramedullary haematopoiesis

EPA OPP 82-1, GLP

1.Studies evaluated according the criteria sebgi€limischet al (1997)

90-day oral studies in rats

In first 90-day study (Hagiwara, 1989 SBT-91-0008)e groups, 4 treatment and 1 control
group of 12 animals/ sex/group were fed flumioxaminthe diet for 13 consecutive weeks.
Dietary concentrations of 0, 30, 300, 1000 and 3ppth were administered, equivalent to
compound intakes of 0, 2.3, 20.7, 69.7 and 243.Kkgiday for males and 0, 2.2, 21.7, 71.5
and 229.6 mg/kg/day for females, respectively.

Haematology and bone marrow examination resulteateld anaemia (decreased haemoglobin
concentration (Hb), decreased haematocrit, incteestéculocyte count, increased erythroblast
count, decreased red blood cell (RBC) count) in30@0 ppm group. Increased platelet count
and decreased mean corpuscular haemoglobin (MCéi)yragan corpuscular volume (MCV)
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were observed in the 1000 and 3000 ppm (both seyes)ps. Increased spleen weights and
spleen-to-body weight ratios were observed in th@003pm group (both sexes).
Histopathological examination revealed a high ieoice of extramedullary haematopoiesis
(slight to moderate) of the spleen in the 3000 gmr{12/12 M and 8/12 F). Other findings in

the study were considered unrelated to treatment.

TABLE 11: SUMMARY OF HAEMATOLOGICAL CHANGES IN THE  HAGIWARA (1989) 90-DAY STUDY

Parameter Male Female

Dose level (ppm) 0 30 300 1000 | 3000 0 30 300 1000 | 3000
Doselgvel: 0 2.3 20.7 69.7 | 2435 0 2.2 21.7 715 | 229.6
approximate
equivalent mg/kg/d
Erythrocyte count 9.34 9.36 9.47 9.50 9.41 8.7% 8.3D 8.36 9.11 7.7+
(x10°/uL)
Hb conc. 15.78 | 1592 1598 15.7114.53*4 15.26 | 14.80| 15.38 14.76 11.42*
(g/dL)
Haematocrit 48.64 | 48.98| 49.371 47.9944.48*{ 48.33 | 45.63| 46.94 45.82 36.25*}
(%)
MCV 52.11 | 52.51| 52.13 50.53* &B*| 55.28 | 55.19| 54.90 50.26*4 46.79*}
(fL)
MCH 16.93 | 17.06| 16.97 16.5515.46*4 17.56 | 17.91| 18.00 16.24*14.75*
(P9)
MCHC 3248 | 32.53| 3255 32.7% 32.7 31.77 32/48 32.80 3532.31.51
(%)
Platelet count 1.30 1.33 1.38 1.45| 1.80% 1.26 1.2% 118  1.5%* 13>
(x10°/uL)
Erythroblast ratio 0.4 0.7 0.5 0.5 7.8** 0.4 0.3 0.2 1.1 31.3f*
(/L00WBC)
Reticulocyte 0.86 0.81 0.79 1.13| 1.68% 1.2 147 0.80 1.1 1B
(%)

* p<0.05, *p<0.01

Based on the results of this study, the NOAEL wa@801lppm (69.7 mg/kg/day for males and
71.5 mg/kg/day for females) based on changes iimasmogical parameters along with
increased incidences of extramedullary haematojgoiasthe spleen and increased absolute
spleen weights, relative liver and spleen weightisath males and females at 3000 ppm.

In a second 90-day study (Adachi, 1991 SBT-10-0083} groups, 4 treatment and 1 control
group of 10 animals/ sex/group, were fed flumiorami the diet for 13 consecutive weeks. A
further 6 animals/sex/group were fed the diet focdnsecutive weeks before an interim
sacrifice. Dietary concentrations of 0, 30, 3000ACand 3000 ppm were administered,
equivalent to compound intakes of 0, 1.9, 19.306&nd 196.7 mg/kg/day for males and 0, 2.2,
22.4, 72.9 and 218.4 mg/kg/day for females, respeygt

Toxic changes observed were most prominently aatatiwith changes in the haematopoietic
system. Females were more susceptible to this thales. Haematology and bone marrow
examination results indicated microcytic and hypoofic anaemia (decreased Hb
concentration, decreased haematocrit, decreased QVICHcreased reticulocyte count,
increased erythroblast count and decreased RBCt)catiri000 ppm and greater. Decreased
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MCV and MCH were also observed at 300ppm in femalée anaemia was associated with
acceleration of the haematopoiesis, such as irmdeesticulocytes and erythroblasts in the
blood, hypercellularity and decreased myeloid/egith ratio in the bone marrow.
Extramedullary haematopoiesis in the liver and esplevere thought to be related and
secondary effects to the anaemia. Pigmentatiohdariver might have resulted from increased
erythrocyte destruction and increases in heart hteigight be regarded as compensatory
hypertrophy resulting from lasting anaemia.

TABLE 12: SUMMARY OF HAEMATOLOGICAL CHANGES IN THE  ADACHI (1991) 90-DAY STUDY

Parameter Male Female
Dose level (ppm) 0 30 300 1000 | 3000 0 30 300 1000 | 3000
Dose level: 0 1.9 19.3 65.0 | 196.7 0 2.2 22.4 729 | 218.4

approximate
equivalent mg/kg/d

INTERIM SACRIFICE (WEEK 5)

Erythrocyte count 7.78 7.80 7.91 8.04 8.20 7.66 7.79 7.63 8.4 7.23*
(x10°/uL)

Hb conc. 14.9 14.7 14.8| 13.9% 13.3*1 14.6 14.6 14.0  13.1*10.6**
(g/dL)
Haematocrit 40.8 40.7 41.1 39.1| 38.7f 38.§ 39.p 376 35.9** 330.
(%)
MCV 52.5 52.2 52.0( 48.7* 47.2*1 50.7 50.3 49.4  44.6r41.9**
(fL)
MCH 19.1 18.8 18.7| 17.3% 16.3*] 19.1 18.8 18.4  16.2*14.7**
(P9)
MCHC 36.3 36.0 35.9( 35.5% 345 37.7 37.4 37.3  36.3*35.0**
(g/dL)
Neutrophil count 0.76 0.60 0.97 0.63 0.77 0.50 0.46 0.47 0.48  0.96*
(10% pL)
Erythroblast ratio 0 0 0 1 4** 1 0 0 8 53**
(/L100WBC)
Reticulocyte 16.0 18.8 17.4 21.9| 359% 7.6 10.( 9.4 22|19  73.1*
(%)

WEEK 13

Erythrocyte count 834 | 839 | 859| 861 9.00% 7.6 794 798 838 651
(x10°/uL)

Hb conc. 14.6 14.8 14.8| 13.9% 13.6% 13.7 14.1 13.8 124 8%8.
(g/dL)
Haematocrit 39.7 39.8 | 40.6| 38.4| 379t 38. 389 382 359 26/6*
(%)
MCV 476 | 47.4 | 47.3| 44.6* 4227 496 49.4d 47.9% 42.9F40.7*
(fL)
MCH 17.5 17.6 17.3| 16.2¢1 15.17 17.9 1771 17.3* 14.9(*13.4*
(P9)
MCHC 36.8 | 37.2 385| 36.3Y 35.9% 36.2 36.1 36.0 34.62.8
(g/dL)
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Parameter Male Female
Dose level (ppm) 0 30 300 1000 | 3000 0 30 300 1000 | 3000

Dose level: 0 19 | 193 | 650 | 196.7| © 22 | 224 | 729 | 2184
approximate

equivalent mg/kg/d

Neutrophil count 0.68 0.89 1.88 0.72 0.77 0.48 0.46 0.45 042  0.92*
(10% pL)

Erythroblast ratio 0 0 1 1 5** 0 0 0 9 103**
(/100WBC)

Reticulocyte 7.8 9.0 6.7 9.7 13.8" 9.7 8.1 9.7 17.4* 38.9p*

(%o)
*p<0.05, *p<0.01

Based on the results of this study, the NOAEL wassiered to be 30 ppm (2.2 mg/kg/day)
based on haematological changes (including anaanmdaextramedullary haematopoiesis) in
females. For males, the NOAEL was considered t@@&ppm (19.3 mg/kg/day) based on
increased liver, heart, kidney, thyroid weights antlence of low grade anaemia.

4.7.1.2REPEATED DOSE TOXICITY: INHALATION

Not relevant for this proposal.

4.7.1.3REPEATED DOSE TOXICITY: DERMAL

The results of experimental studies on repeat dtise dermal exposure are summarised in the
following table:

TABLE 13: OVERVIEW OF EXPERIMENTAL STUDIES ON REPEA TED DOSE TOXICITY AFTER
DERMAL EXPOSURE

Method Results Remark$ Reference

21d, rat (SD) (5 animals/sex/gp)NOAEL: > 1000 mg/kg/day (male) based on |do(reliable withou|Osheroff
dermal: semi-occuled adverse effects observed up to the maximumrestriction) (1991)

0, 100, 300, 1000 mg/kgiday | 2°S€ tested key study SBT-11-0026

EPA OPP 82-2, GLP NOAEL: ca. 300 mg/kg/day (female)_ based 9Burity: 94.8%
decreased mean Hb and haematocrit values

1.Studies evaluated according the criteria sebgi€limischet al (1997)

21-day dermal toxicity study (SBT-11-0026)

Four groups, 3 treatment and 1 control group ofnfimals/ sex/group, had flumioxazin
administered dermally in corn oil to pre-clippedttesites once daily for 21 days. After
application gauze was applied and wrapped to ptdeesa of dose and potential oral ingestion.
Following a 6 h exposure dressings were removed thedtest site wiped using gauze
moistened with distilled water. Doses used wert00, 300 and 1000 mg/kg/d.

There were no indications of treatment related ciffeobserved on body weight, food
consumption, gross pathology, dermal responsejcalirsigns of toxicity or biochemical

parameters. Signs of toxicity were limited to feesaln the high dose group with significant
decreases in both Hb concentration and haemat@duiés.
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TABLE 14: SUMMARY OF HAEMATOLOGICAL CHANGES IN THE  21-DAY DERMAL STUDY

Parameter Male Female
Dose (mg/kg bw) 0 100 300 1000 0 30 300 1000
Hb conc. (g/dL) 16.4 16.4 16.6 15.9 16.9 16.2 166 15.7*
Haematocrit (%) 48.3 48.5 48.7 46.9 49.1 46.9 485 46.1*
* p<0.05

Based on the results of this study, the NOAEL wassmlered to be 1000 mg/kg/d for males
(the maximum dose tested). For females the NOAES eamsidered to be 300 mg/kg/d based
on decreased mean Hb and haematocrit values.

4.7.1.AREPEATED DOSE TOXICITY: OTHER ROUTES

No relevant information.

4.7.1.5HUMAN INFORMATION

No relevant information.

4.7.1.6 OTHER RELEVANT INFORMATION

None.

4.7.1.7 SUMMARY AND DISCUSSION OF REPEATED DOSE TOXCITY

Overall, irrespective of the route of administratiforal (dietary) or dermal) toxic changes
observed following flumioxazin exposure in the @&t associated with changes in the
haematopoietic system. The changes are charaiteostanaemia and generally involve
decreased Hb concentration, decreased haematieriease RBC count along with increases
in reticulocytes and erythroblasts in the blood.eDwo the decrease in the parameters
mentioned, the compensatory mechanism involves rbgpelarity and decreased myeloid :
erythroid ratio in the bone marrow accompanied \aitheleration of haematopoiesis (hence the
increase in circulating immature RBC (i.e. retiayies and erythroblasts). Secondary effects
to the anaemia involve extramedullary haematopwiesihe liver and spleen, with evidence of
increased erythrocyte destruction in the liver (ifemt as pigmentation of the liver) and
potential compensatory hypertrophy of the heart.

Repeat dose toxicity studies showed that the ratthe@ most susceptible species and there was
no evidence of anaemia in either the mouse (28-daypg (90-day and 1 year) studies (these
data have not been reported in this proposal asdltenot provide any evidence of toxicity
relevant for the mode of action proposed in thg tabwever, the absence of haematological
effects in these other species is discussed latéhe context of species differences in the
toxicity of flumioxazin.

Further discussion of the mode of action of theeama is presented in Section 4.12.2.

4.8 SPECIFIC TARGET ORGAN TOXICITY (CLP REGULATION) — R EPEATED
EXPOSURE (STOT RE)

Not relevant for this proposal.
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RAC evaluation of specific target organ toxicity-repeated exposure (STOT
RE)

Summary of the Dossier submitter’s proposal

The DS did not make a proposal for specific target organ toxicity (repeated exposure) and
information on repeated dose toxicity was only included in the CLH report due to its relevance
to the reproductive toxicity classification proposal. However, the haematotoxicity of
flumioxazin was raised by one member state (MS) during public consultation and a discussion
on classification for this hazard class is included in this opinion for this reason. Following this
comment, RAC accessed this hazard class.

Two 90-day dietary studies, a 21-day dermal study and a 52/104 week feeding study, all
conducted in the SD rat were summarised. Although sub-chronic data were also available for
the mouse and dog, these were considered not relevant with respect to reproductive toxicity in
the rat and were therefore not presented.

90-day dietary studies:

Dietary levels of 0, 30, 300, 1000 and 3000 ppm were used in both 90 day studies. In the first
study (Hagiwara, 1989), doses used were equivalent to 0, 2.3, 20.7, 69.7 and 243.5
mg/kg/day (males) and 0, 2.2, 21.7, 71.5 and 229.6 mg/kg/day (females). Significant adverse
effects on the blood were seen at the high dose. Anaemia was indicated by a decreased
haemoglobin concentration (Hb) (7.9% in males, 25% in females), decreased haematocrit,
increased reticulocyte count, increased erythroblast count and decreased red blood cell (RBC)
count. In addition, a high incidence of extramedullary haematopoiesis (slight to moderate) of
the spleen occurred in the high dose males and females and there was an increase in absolute
spleen weights as well as relative liver and spleen weights in both males and females.
Increased platelet count (p<0.01 in males) and decreased mean corpuscular haemoglobin
(MCH) (non-significant) and mean corpuscular volume (MCV) (p<0.05) were seen at the 1000
ppm (69.7/71.5 mg/kg) dose.

In the second study (Adachi, 1991), significant toxicity to the blood was seen from = 1000
ppm (65/72.9 mg/kg). Microcytic and hypochromic anaemia was indicated by decreased Hb
concentration (by 6.8% in males and 37.6% in females at 3000 ppm and by 4.8% in males
and 9.5% in females at 1000 ppm), decreased haematocrit, decreased MCHC, increased
reticulocyte count, increased erythroblast count and decreased RBC count. The anaemia was
associated with evidence for acceleration of haematopoiesis (in liver from 1000 ppm; in
spleen; 1, 8, 10 females at 300, 1000, 3000 ppm), such as increased reticulocytes and
erythroblasts in the blood, hypercellularity and decreased myeloid/erythroid ratio in the bone
marrow (females = 1000ppm). Extramedullary haematopoiesis in the liver and spleen were
likely to be related and secondary effects to the anaemia. Pigmentation in the liver was likely
to have resulted from increased erythrocyte destruction and increases in heart weight might
be regarded as compensatory hypertrophy resulting from lasting anaemia.

21-day dermal:

The findings of the 90-day studies were supported by the observation of significantly
decreased haemoglobin concentration (by 7%) and haematocrit in females at 1000 mg/kg
bw/day in the dermal study. Females were clearly more susceptible in these studies.

105 week dietary study:

Doses of 0 to 1000 ppm, equivalent to 0, 1.8, 18.0, and 36.5 mg/kg/day for males and 0, 2.2,
21.8 and 43.6 mg/kg/day for females, respectively, were administered to SD rats in a 2-year
study. Haematological changes associated with anaemia were evident in rats of the 500 and
1000 ppm groups, with significant alterations occurring in the high dose females. A reduction
in haemoglobin of approximately 10% was recorded at each time point in high dose females.
A slight increase (p<0.05) in extra medullary haematopoiesis was observed. The anaemia
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lasted throughout the treatment period.

Comments received during public consultation

The DS did not make a proposal for repeated dose toxicity and information on this endpoint
was included in the CLH report due to its relevance to the reproductive toxicity classification
proposal. However, the haematotoxicity of flumioxazin was raised by one MS during public
consultation proposing that the repeated toxicity data should be reviewed under the CLP
criteria; an assessment by RAC is included here for this reason.

Assessment and comparison with the classification criteria

The key adverse effects relevant for classification for repeated dose toxicity are the haemolytic
anaemia seen particularly in female rats following 90-day and 105 week dietary exposure.
Some additional details with respect to histopathology were taken from the DAR/Study
reports.

Rat oral data
Effects at doses < cut-off values

Study/dose levels (mg/kg STOT RE 2

bw/d)

90-day (1) (Hagiwara,
1989)

(0, 30, 300, 1000, 3000
ppm)

0, 2.3, 20.7, 69.7, 243.5
mg/kg/day (males)
0,2.2,21.7,71.5, 229.6
mg/kg/day (females)

Guidance value:
100 mg/kg bw/d

= No
classification

69/71 mg/kg bw/d:
IMCH (females)

1 MCV (& %%/ %)
tplatelet count ( & %)

90-day (2) (Adachi, 1991)
(0, 30, 300, 1000, 3000
ppm)

0, 1.9, 19.3, 65.0, 196.7
mg/kg/day (males)
0,2.2,22.4,72.9, 218.4
mg/kg/day (females)

Guidance
100 mg/kg bw/d

Classification?

value:

65/72.9 mg/kg bw/d:
IHb (4.8% "/ & 9.5%)
|Haematocrit (** &)
IMCHC (**a"/*x &)
treticulocytes(1ns)
rerythroblasts (16 ns)
IRBC
thaematopoiesis
1liver pigmentation

105 week study (Seki,
1993)

(0, 50, 500, 1000 ppm)
0, 1.8, 18.0, 36.5
mg/kg/day (males)
0,2.2,21.843.6
mg/kg/day (females)

Guidance
12.5 mg/kg bw/d

Classification?

value:

18/21.8 mg/kg bw/d:
IHb (59.5%)
|Haematocrit (** &)
|l MCV**

IMCHC (&)

Treticulocytes(*at wk 14/1ns other

time points)
Slight 1extramedullary
haematopoiesis

*P<0.05, **p<0.01, ns: not statistically significant

The table above compares the cut-off values for STOT RE Cat 2 with the findings from relevant
sub-chronic studies at or close to these cut-off dose levels.

Severe anaemia was induced at the high dose level in the 90-day rat study (Hagiwara, 1989)
at a dose in excess of the cut-off values. The intermediate dose (69/71 mg/kg bw/d) was
lower than 100 mg/kg bw/d (STOT RE Cat 2). However, the findings at this dose level were
not considered sufficient or severe enough to warrant classification according to the criteria. A
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greater degree of haematotoxicity was seen at the same/similar dose level in females of the
second 90-day study (Adachi, 1991) where severe anaemia was seen at the high dose and
some evidence also at the intermediate dose with females more sensitive; a 9.6% reduction in
haemoglobin was accompanied by significant alterations to other red blood parameters and
clear evidence of both spleen and liver extramedullary haematopoiesis.

Brown pigmentation (presumably haemosiderin) in hepatocytes, liver canaliculi, and tubular
epithelial cells, in addition to hepatocytic degeneration, necrosis and renal tubular cell
vacuolation were seen in 3/10 females at the high dose. At 1000 ppm, pigmentation of the
sinusoidal cells was seen in only one female, while increased extramedullary haematopoiesis
was seen in 8/10 females and hypercellularity of the bone marrow in 6/10 females, while there
was no evidence of degenerative change in the liver, kidney or spleen. There was no evidence
of haemoglobinurea or haemosiderinurea reported.

In the 105 week rat study, there was evidence of significant anaemia at approximately 20
mg/kg bw/d. However, the guidance value for a long-term study was <12.5 mg/kg bw,
therefore classification was not supported.

According to the criteria in the CLP Regulation (Annex I, 3.9.1.4), the “assessment shall take
into consideration not only significant changes in a single organ or biological system but also
generalised changes of a less severe nature involving several organs.”

The CLP Guidance provides the following example:

" . Marked increase of haemosiderosis in the spleen, liver or kidney in combination with other
changes indicating significant haemolytic anaemia (e.g. a reduction in Hb at =210%) in a 28
day study.

- Significant increase in haemosiderosis in the spleen, liver or kidney in combination with
microscopic effects like necrosis, fibrosis or cirrhosis.

The results from the first 90-day study do not support classification according to the CLP
criteria.
More marked haematotoxicity was seen at the 69/71 mg/kg bw/d dose in the 2" 90-day study
where the effects were borderline for classification.

-Approximately 10% reduction in Hb,

-some evidence of degeneration in liver and kidney,

-Evidence of haemosiderin in liver and kidney tubular epithelium.

The effects seen in the 105 week study occurred at a dose significantly greater than the
guidance value. Even when the relative sensitivity of the rat to haematotoxicity is also
considered, the weight of evidence supports no classification. The RAC concludes that no
classification is required for STOT RE.

4.9 MUTAGENICITY (GENOTOXICITY)

Not relevant for this proposal.
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4.10 CARCINOGENICITY
4.10.1 NON-HUMAN INFORMATION

4.10.1.1CARCINOGENICITY: ORAL

Not relevant for this proposal. The results of theonic toxicity component of the combined
chronic toxicity and carcinogenicity study in thet are relevant and are summarised in the
following table:

TABLE 15: OVERVIEW OF EXPERIMENTAL STUDIES ON CHRON IC TOXICITY AFTER ORAL
ADMINISTRATION

Method Results Remark$ Reference
52 or 104 wk, rat (SD) Non-neoplastic effects: 1 (reliable withou|Seki (1993)
(50 animals/sex/gp) NOAEL: ca. 50 ppm (male/female) (based ofrestriction) SBT-30-0040
oral: feed chronic nephropathy (male) and haematologiggl, study

0, 50, 500, 1000 ppm [equiv. O, changes (anaemia, both genders)

1.8, 18.0, 36.5 (M) and 0, 2.2,
21.8, 43.6 mg/kg/d (F)]

EPA OPP 83-5, GLP
1.Studies evaluated according the criteria sebgi€limischet al (1997)

purity: 94.8%

Summary of oral chronic toxicity data (SBT-30-0040)

Four groups, 3 treatment and 1 control group o&litnals/ sex/group were fed flumioxazin in
the diet for 24 consecutive months. A further 2#rets/sex/group were fed the diet for 12-18
consecutive months as satellite groups. Dietaryceotnations of 0, 50, 500 and 1000 ppm
were administered, equivalent to compound intake8, d..8, 18.0, and 36.5 mg/kg/day for
males and 0, 2.2, 21.8 and 43.6 mg/kg/day for femakspectively.

Toxic changes observed were most prominently aatatwith changes in the haematopoietic
system. Haematological changes associated withn@aa@ rats of the 500 and 1000 ppm
groups. A slight increase (p<0.05) in extramedyllflaematopoiesis was observed. The
anaemia lasted throughout the treatment periodghienit was not aplastic in nature. Chronic
nephropathy was observed in males in the internediad high dose groups.

TABLE 16: SUMMARY OF HAEMATOLOGICAL CHANGES IN THE  RAT CHRONIC STUDY

Parameter Male Female
Dose level (ppm) | Wk 0 50 500 1000 0 50 500 1000

Dose Ie_zvel: 0 1.8 18.0 36.5 0 2.2 21.8 43.6

approximate

equivalent mg/kg/d

Erythrocyte count 14 8.82 9.06 8.85 9.11 7.99 7.96 8.21 8.46**

(xL0%L) 27 8.96 9.00 9.17 9.21 8.07 7.627 8.28 8.51*
53 8.65 8.94 8.76 9.10 7.19 7.08 7.51 7.71p*
79 7.94 8.35 8.38 8.43 7.37 6.99 7.13 7.35
105 7.68 7.41 7.12 7.92 6.37 6.44 7.1% 6.54

Hb conc. 14 154 15.5 15.0* 14.9* 15.0 14.9 14.0% 13.4%

(g/dL) 27 15.3 15.1 154 15.0 15.0 14.7 14.6 13.8**
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Parameter Male Female
Dose level (ppm) | Wk 0 50 500 1000 0 50 500 1000
53 14.2 14.2 13.8 14.1 13.2 12.9 12.7 12.0**
79 13.6 14.2 13.9 13.7 13.8 134 12.6* 12.1p*
105 14.0 13.4 12.5 13.6 12.3 12.3 12.9 111
Haematocrit 14 441 44.8 43.4 431 41.5 41.3 39.61* 38.77*
(%) 27 45.6 45.4 45.8 45.1 44.0 42.8 43.0 41.2p*
53 42.8 435 42,5 43.0 38.6 38.0 37.7 36.3
79 39.1 40.8 40.3 40.3 38.7 37.7 36.7T 35.3*
105 39.3 37.7 35.9 385 35.1 34.4 36.Y 321
MCV 14 50.0 49.5 49.1 47.4%* 52.0 51.9 48.2*%F 45.8%*
() 27 50.9 50.4 50.0 49.2 54.5 56.1 52.1t* 48.51*
53 49.5 48.7 48.6 47.3 53.7 53.7 50.2t1* 47.2t1*
79 49.3 48.9 48.1 47.9 52.6 54.1 52.2 48.3*
105 52.3 50.8 50.3 48.5 55.8 53.9 51.9* 49.7p*
MCH 14 17.4 171 17.0 16.4** 18.8 18.7 17.0% 15.9%
(P9) 27 17.1 16.8 16.8 16.3** 18.6 19.2% 17.6*F 16.1*f
53 16.4 15.9 15.8 15.5%* 18.4 18.2 16.9% 15.6%
79 17.1 17.0 16.6 16.3 18.7 19.2 17.77* 16.6*
105 18.6 17.8 17.4 17.2 194 19.Q 18.2* 17.2f*
MCHC 14 34.8 34.6 34.5 34.6 36.1 36.1 35.3* 34.7t*
(g/dL) 27 33.6 334 33.5 33.2 34.2 34.3 33.5}3 33.4*
53 33.1 32.7 325 32.8 34.2 33.9 33.8 33.1p=
79 34.8 34.8 345 34.0%* 35.6 35.5 34.2% 34.37
105 35.6 35.1 34.6 35.4 34.9 35.3 35.1 346
Erythroblast ratio 14 0 1 0 1 0 1 0 14
(100WBC) 27 0 0 0 1 0 0 2 4
53 0 1 0 1 0 1 1 19*
79 0 1 0 2%* 0 0 5 18**
105 1 0 0 6 1 1 1 25%*
Reticulocyte 14 8.0 10.4 11.0 10.9 114 14.4 18.4¢ 18.7F*
(%) 27 18.9 13.1 16.6 16.3 13.7 17.9 19.2 231
53 13.3 14.7 14.0 12.6 12.7 14.3 15.3 174
79 18.2 13.7 15.2 15.2 15.7 16.7 30.9 26.2
105 23.1 31.4 35.1 21.4 37.9 33.5 241 425

* p<0.05, ** p<0.01

Based on the results of this study, flumioxazin e@scluded not to be carcinogenic. The
NOAEL for chronic toxicity was considered to befiim (equivalent to 1.8 and 2.2 mg/kg/d,
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for males and females respectively) based on chrephropathy (males) and haematological
changes (anaemia, both genders).

Note: there was no evidence of adverse haematalogfiects in the mouse carcinogenicity
study (SBT-30-0040). Therefore the study is navaht to this proposal and it has not been
summarised.

4.10.1.2CARCINOGENICITY: INHALATION

Not relevant for this proposal.

4.10.1.3CARCINOGENICITY: DERMAL

Not relevant for this proposal.

4.10.1.4AHUMAN INFORMATION

None.

4.10.2 OTHER RELEVANT INFORMATION

None.

4.10.3 OVERALL SUMMARY AND DISCUSSION OF CHRONIC TOXICITY DATA

Overall, chronic flumioxazin exposukga dietary administration in the rat was associatetth wi
increased incidences of extramedullary haematojgoasd associated anaemia throughout the
treatment period. The anaemia however was not taplasnature. No haematopoietic changes
were observed in the mouse, suggesting that thevaat more susceptible. There were no
treatment related oncogenic effects in either gzeci

Further discussion of the mode of action of thesama is presented in Section 4.12.2.
4.11 TOXICITY FOR REPRODUCTION

4.11.1 EFFECTS ON FERTILITY

The results of experimental fertility studies anensnarised in the following table:

TABLE 17: OVERVIEW OF EXPERIMENTAL STUDIES ON FERTI LITY TOXICITY

Method Results Remarks Reference
rat (SD) two-generation study |NOAEL parental toxicityca. 200 ppm 1 (reliable withou|Hoberman,
(30 animals/sex/gp) (male/female) (based on adverse clinical sign®striction) A.M. (1992)
oral: feed reductions in body weight, body weight gain, ey study SBT-21-0035

0, 50, 100, 200, 300 ppm [equiy food consump.tion an_d_organ weights)

P.: 0, 3.2, 6.3, 12.7, 18.9 mg/kgfWOAEL offspring toxicity:ca. 100 ppm

(M) and 0, 3.8, 7.6, 15.1, 22.7 |(male/female) (based on reduced pup body
mg/kg/d (F); F: 0, 3.7, 7.5, 15.0,Weights, increase in stillbirths with viability
22.4 mg/kg/d (M) and 0, 4.3, 8.5index and litter size reduced)

17.2, 25.6 mg/kg/d (F)] NOAEL reproductiveca. 200 ppm (female)
EPA OPP 83-4 , GLP (based on reduced gestation index in bath P
and F generations and an increase in the
number of F dams that did not deliver a litter

purity: 94.8%

1.Studies evaluated according the criteria sebgi€limischet al (1997)
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Summary of fertility data (SBT-21-0035)

Flumioxazin was administeredia the diet to 30 Sprague-Dawley rats/sex/group atady
concentrations of 0, 50, 100, 200 or 300 ppm indie¢ These doses were equivalent to 0, 3.2,
6.3, 12.7 or 18.9 mg/kg/day for Fhales and 0, 3.8, 7.6, 15.1 or 22.7 mg/kg/dayPfdemales,
respectively. For the;Fjeneration, equivalent doses were 0, 3.7, 7.9, d522.4 mg/kg/day for
males and 0, 4.3, 8.5, 17.2 or 25.6 mg/kg/day dandies. The fPand k parents were given the
test diets for 12 weeks prior to mating to prodineehR and F, litters. i pups were weaned at 21
days of age and approximately 30 pups/sex/groue wamdomly selected as parents of the F
generation. Sperm parameters were not evaluatédeiparental males and sexual maturation
and developmental landmarks were not evaluateaeimtfspring.

Parental toxicity was evidenced with decreased bwdights in  males accompanied by
increased food consumption.

TABLE 18: EFFECTS ON PARENTAL ANIMALS (P1 GENERATIO N)

Parameter Male Female
Dose level (ppm) 0 50 100 200 300 0 50 100 200 300
Dose level: approximatf 0 3.2 6.3 12.7 18.9 0 3.8 7.6 15.1 22.7
equivalent mg/kg/d
Clinical signs

Vagina: red substance 1/28 | 0/28 | 1/27 | 1/30 | 9/25°

present

Body weights (g)
premating Day 83 604.2 | 619.9 | 596.2 | 595.7 | 613.6 | 332.3 | 337.3 | 328.7 | 332.9 | 331.6

gestation Day 20 464.3 | 471.1 | 462.6 | 460.8 | 416.3
lactation Day 21 362.3 | 364.7 | 369.1 | 360.9 | 384.4
terminal 700.1 | 728.6 | 698.0 | 695.8 | 708.2 | 367.3 | 370.5 | 369.7 | 372.2 | 369.7

Food consumption (g/d)
premating (Day 1-83) 28.8 | 29.5 |285 |285 |28.8 |204 20.9 20.3 20.4 20.4
gestation (Day 0-20 25.3 25.7 25.8 25.0 25.7
lactation (Day 1-14 453 | 438 |452 |439 |36.9

**; Statistically significance (p<0.01)
The changes of clinical sign and body weigh gaithenfemales of the 300ppm group were consideréa tttributable
to the foetal toxicity.
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TABLE 19: EFFECTS ON PARENTAL ANIMALS (F1 GENERATIO N)

Parameter Male Female
Dose level (ppm) 0 50 100 200 300 0 50 100 200 300
Dose level: approximaty O 3.7 7.5 15.0 22.4 0 4.3 8.5 17.2 25.6

equivalent mg/kg/d

Clinical signs

Total mortality 0/30 | 1/30 | 2/30 | 0/30 | 1/30 | 0/30 | 1/30 | 0/30 | 0/30 |5/30"
Pale 0/30 | 0/30 | 0/30 | 0/30 | 3/30"| 0/30 | 0/30 | 0/30 | 0/30 | 3/30"
Vagina: red substance 0/27 0/28 0/25 0/25 | 1/20
present

Body weights (g)
premating Day 99 616.1 | 641.4 | 637.0 | 612.7 | 570.1 | 347.9 | 356.8 | 350.4 | 345.2 | 330.0

gestation Day 20 483.0 | 474.9 | 479.4 | 461.8 | 430.8
lactation Day 21 385.6 | 390.0 | 393.6 | 387.0 | 379.1
terminal 692.5 | 726.4 | 726.8 | 688.7 | 647.6 | 388.4 | 396.2 | 396.3 | 383.8 | 377.0

Food consumption (g/d)
premating (Day 1-99) 29.5 |30.7 |31.0 |299 |27.7 |217 |223 |215 |21.3 |20.1
gestation (Day 0-20 27.0 26.5 25.8 25.7 25.0
lactation (Day 1-14) 476 | 444 |46.1 |442 |37.6

Organ wt (g)
Epididymis(L) 0.83 |0.79 |085 |0.77 |0.74
(R) 083 |081 |085 |077 |0.72
Testis(L) 1.99 | 201 |196 |1.87 |1.87
(R) 1.98 | 202 |196 |1.86 |1.83
Prostate 1.22 1.16 1.16 1.12 1.08

Necropsy
Liver: yellow 0/30 | 0/30 |0/30 | 0/30 | 3/30

Histopathology
Liver:

bile stasis 2/4

necrosis, centrilobula 3/4

*: Statistically significance (p<0.05)
**: Statistically significance (p<0.01)

Litters in the 200 ppm group had significant inaes in stillbirths with related significant
reductions in live born pups in F2 generation.|lSiiins were not increased in the high dose
groups in F2 generation as embryo-fetal death oeduearlier in gestation. Pup weight was
significantly decreased in the pups of 200ppm grouBl generation. The gestation index (live
litters delivered/pregnant females), number of pdglssered, number of liveborn pups, viability
index, pup weight and litter size were significgnteduced in the 300ppm group in both
generations. The gestation index (and the numbédf, dams that did not deliver a litter) is
related to the embryo-foetal death.

A general reduction in mating performance acroksgralips including controls was attributed to
a genetically mediated problem in the rats suppligdCharles River breeding laboratory. No
treatment related effects on fertility were obsdrve
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TABLE 20: LITTER EFFECTS IN THE FERTILITY STUDY (P1 FEMALES - F1 PUPS)

Parameter Dose level (ppm)
0 50 100 200 300
Dose level: approximate 0 3.8 7.6 15.1 22.7
equivalent mg/kg/d
Gestation index 23/23(100.09%) 22/22(100.0p6) 25/8@%) | 28/28(100.0%) 16/21(76.2%)*

Dams with stillborn pups 3/23(13.0% 3/22(13.6%) 26§11.5) 2/28(7.1%) 1/16(4.8%)
Implantations (mean) 16.1+2.8 159+ 3.9 15.5G: 4 16.5+2.6 15.0+ 3.7
Pups delivered (mean) 14.4 + 3.6 15.2 +4. 13487+ 146 +3.8 7.2 £5.3*
Live born (mean) 142 +£3.7 14.8+4.0 14.2 £4.( 4.51+ 3.8 7.0+5.1%
Still born (mean) 0.1+0.3 0.3+0.8 0.2+0.7 8.0.3 0.2+0.8
Viability index (%) 99.4 98.5 96.3% 95.1% @ 87.5**
Pup weight (g) D1, post 6.9+0.6 6.5+0.5 6.7+0.8 6.1+0.7* 5.7+0.6
partum

These changes were unrelated to treatment bedaisalties were within the historical control ra@e.8-100%)

TABLE 21: LITTER EFFECTS IN THE FERTILITY STUDY (F1 FEMALES - F2 PUPS)

Parameter Dose level (ppm)
0 50 100 200 300
Dose level: approximate 0 4.3 8.5 17.2 25.6
equivalent mg/kg/d
Gestation index 23/23(100.0%) 20/21(95.2%) 19/10(Q%) | 18/18(100.0% 16/18(88.9%
Dams with stillborn pups 2/23(8.7%) 3/20(15.0%) F1D.5%) 4/18(22.2%) 2/16(12.5%)
Implantations (mean) 17.6+£29 154 +5.1 17.3¢t 2 154+47 16.2+3.1
Pups delivered (mean) 15.8+3.6 13.6+54 1274+ 134+44 9.6 +5.1*
Live born (mean) 15.6 +3.7 13.3+5.3 156+253 2.8H44.3* 9.4 £ 5.0
Still born (mean) 0.1+0.3 0.2+0.7 0.1+0.3 H.6.3** 0.1+0.3
Viability index (%) 98.6 97.6 97.3 96.5 79.2*%*
Pup weight (g) D1, post 6.4+0.5 6.7 +£0.6 6.3+0.5 6.1+0.7 5.6 + 0.4*
partum

Based on the results of this study the NOAEL faeptal toxicity was 200 ppm (12.7 mg/kg/d),
based on clinical signs of toxicity and reductiansbody weight, body weight gain, food
consumption and organ weights. The reproductive HDAvas also considered to be 200 ppm,
based on reduced gestation index in both thenE Fr generations and an increase in the number
of F; dams that did not deliver a litter in the generation. The NOAEL for offspring toxicity
was 100 ppm (7.6 mg/kg/d) based on reduced pup vieidirts, increase in stillbirths with
viability index and litter size reduced and clidiead necropsy effects related to increased pup
mortality.
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4.11.2 EFFECTS ON DEVELOPMENTAL TOXICITY

4.11.2.1DEVELOPMENTAL TOXICITY: ORAL

The results of rat and rabbit developmental studiessummarised in the following table:

TABLE 22: OVERVIEW OF EXPERIMENTAL STUDIES ON DEVEL OPMENTAL TOXICITY AFTER
ORAL ADMINISTRATION

Method

Results

Remark$

Reference

rat (SD) developmental study

NOAEL maternal toxicity: >30 mg/kg/day

1 (reliable withou

Kawamura, S

0, 300, 1000, 3000 mg/kg/d
(exposed GD 7 — 19)

EPA OPP 83-3; GLP

consumption

NOAEL developmental toxicity:
>3000 mg/kg/day no effects observed up to
highest dose tested

purity: 94.8%
he

(22 females/gp) based on no signs of maternal toxicity obseruedtriction) (1990a)
oral: gavage up to the highest dose tested key study SBT-00-0012
0, 1, 3, 10, 30 mg/kg/d (exposeNOAEL developmental toxicityca. purity: 94.8%
from GD 6 — 15) 10 mg/kg/day based on increased incidence|of
) cardiac ventricular septal defects, wavy ribs,
EPA OPP 83-3; GLP curvature of the scapular and reduced
ossification of sacrococcygeal vertebral bodies
rabbit (NZW) developmental |NOAEL maternal toxicityca. 1000 mg/kg/day|1 (reliable withou|Hoberman
study (20 females/gp) based on reductions in maternal body weightrestriction) (1991)
oral: gavage gains and relative and absolute food key study SBT-11-0017

1. Studies evaluated according the criteria sebgulimischet al (1997)

Rat oral developmental study (SBT-00-0012)

Flumioxazin was administered oralljia gavage to groups (22) pregnant female rats at
concentrations of 0, 1, 3, 10 and 30 mg/kg/day fgmstation day 6 to 15. Dams were culled on
GD 20 and fetuses were removed by caesarean sectibaxamined.

No maternal signs of toxicity were observed, witbd consumption, body weights or clinical
signs of toxicity in treated animals being compérato the concurrent control group. The
number of live fetuses (p<0.05) and fetal body Wiigp<0.01) were significantly decreased in
the high dose group, where as the numberoopora lutea implantations and sex ratio were

similar in all groups.

TABLE 23: EFFECTS ON MATERNAL ANIMALS

Parameter Dose level (mg/kg/d)
0 1 3 10 30

Body weight gain (g)

gestation day 6-20 | 95 96 101 97 85**
Necropsy

Retention of dark 0/22 0/21 0/21 0/22 1/19

reddish fluid in

uterus 0/22 0/21 0/21 0/22 1/19

Retention of dark

reddish material in

uterus

**: Statistically significance (p<0.01)

The changes of body weigh gain and necropsy in 8(kgd group were

toxicity.

considered to be attributabléhto foetal
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The incidence of fetuses with cardiovascular abmdities, primarily ventricular septal defects
(VSD), were increased in the 30 mg/kg/d groupschizey statistical significance at the high
dose group (p<0.01). Test material related incedadich reached statistical significance,
p<0.01) for scapular curvature (malformation) ara/wribs (minor anomaly), were observed.
Test material related decreases in ossified saccggeal vertebral bodies were also observed
and which were considered to be related to theedsed fetal body weights, rather than due to
a direct effect of the test material.

TABLE 24: SELECTED FETAL DATA FROM THE RAT ORAL DEV ELOPMENTAL STUDY

Parameter Dose level (mg/kg/d)
0 1 3 10 30
LITTER DATA
Mean live fetuses (n) 14+1.0 13+2.6 14+2.0 +1A1 11 +4.1*
Fetal body weights M /F| 3.51/3.34 3.53/3.39 3.53/3.34 3.54/3.34 0%02.79*

(@)

VISCERAL EXAMINATION

No. examined (n) [M / F] 147 138 144 144 102
[67 /80] [73/65] [76/68] [64 /80] [54 /48]
Cardiovascular 8 7 10 13 36**
abnormalities (n) [%] [5.4%] [5.1%] [6.9%] [9.0%] [35.3%]
Historical control data for cardiovascular abnormalities 7.5%
VSD (n) [%)] 2 1 2 6 26**
[1.4%] [0.7%] [1.4%] [4.2%] [25.5%]
SKELETAL EXAMINATION
No. examined (n) [M / F] 154 144 152 153 111
[717/83] [76 /1 68] [78174] [68 /95] [60/51]
Scapula curvature (n) 0 0 0 0 10**
[%6] [0.0%] [0.0%] [0.0%] [0.0%] [9.0%]
Wavy ribs (n) [%] 1 1 7 0 27**
[0.6%)] [0.7%] [4.6%)] [0.0%] [24.3%]
Ossified sacrococcygeall 8.9 +£0.61/ 9.0+£0.48/ 9.1+£0.48/ 9.0+£0.46/ 8.5 £ 0.55**/
vertebral bodies (n) (M/H) 8.8 £0.62 8.9 +£0.49 8.8 £0.62 8.9+0.34 8.2 £ 0.44*

*p<0.05; ** p<0.01

Based on the result of this study, the NOAEL fovelepmental toxicity was considered to be
10 mg/kg/d, based on increased incidence of muytalardiac VSDs, wavy ribs, curvature of
the scapular and reduced ossification of sacrogeaiyvertebral bodies, and decreased body
weight in the fetuses of rats. The litter obsesativas considered to be related to the decrease
in fetal body weights. No signs of maternal toxicitere observed, therefore the maternal
NOAEL for considered to be greater than 30 mg/kg/d.

Rabbit oral developmental study (SBT-11-0017)

Flumioxazin was administered orallya gavage to groups of 20 pregnant female rabbits at
concentrations of 0, 300, 1000 and 3000 mg/kg/dasnfgestation day 7 to 19. Dams were
culled on GD 29 and fetuses were removed by caamsaection and examined.
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Reductions in maternal body weight gains and nedatind absolute food consumption were
observed in the 3000 mg/kg/day group.

TABLE 25: EFFECTS ON MATERNAL ANIMALS

Parameter Dose level (mg/kg/d)
0 300 1000 3000
Body weight gain (kg) | 0.17 0.18 0.14 0.05*
gestation day 7-19
Food consumption (g/d)| 165.1 160.2 150.3 135.1*
gestation day 7-19

*; Statistically significance (p<0.05)

No significant differences in pre or post implamatloss or early / late resorptions were
observed. No test material related fetal change® wbserved, with external / visceral and
skeletal malformations / variations in test matetiaated animals being comparable to the
concurrent control.

Based on the result of this study, the NOAEL fovalepmental toxicity was considered to be
greater than 3000 mg/kg/d (the highest dose testdé®) maternal NOAEL was considered to
be 1000 mg/kg/d based on reductions in maternay bazight gains and relative and absolute

food consumption.

4.11.2.2 DEVELOPMENTAL TOXICITY: DERMAL

The results of rat developmental studies are sumethm the following table:

TABLE 26: OVERVIEW OF EXPERIMENTAL STUDIES ON DEVEL OPMENTAL TOXICITY AFTER
DERMAL ADMINISTRATION

0, 30, 100, 300 mg/kg/d (expos

JNOAEL developmental toxicityca.

purity: 94.8%

Method Results Remarks Reference
rat (SD) developmental study |NOAEL maternal toxicity: >300 mg/kg/day |1 (reliable withou|Kawamura
(24 females/gp) based on no effects observed up to the highesstriction) (1991)
dermal: occluded (6 h/d) dose tested key study SBT-10-0021

from GD 6 — 15) 100 mg/kg/day based on increased incidence of
EPA OPP 83-3; GLP

cardiac ventricular septal defects, wavy ribs and
reduced ossification of sacrococcygeal vertebral
bodies

1. Studies evaluated according the criteria sebgulimischet al (1997)

Rat dermal developmental study (SBT-10-0021)

Flumioxazin was administered dermally to group24foregnant female rats at concentrations
of 0, 30, 100 and 300 mg/kg/day from gestation 6lag 15. Dams were culled on GD 20 and
fetuses were removed by caesarean section and re@mi

No maternal signs of toxicity were observed, withhd consumption, body weights or clinical
signs of toxicity in treated animals being compéralo the concurrent control group. The
number of live fetuses (p<0.01) and fetal body Wweig(F: p<0.05) were significantly
decreased in the high dose group, where as theerushborpora luteaand implantations were
similar in all groups.
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TABLE 27: EFFECTS ON MATERNAL ANIMALS

Parameter Dose level (mg/kg/d)
0 30 100 300
Clinical sign
Attachment of| 1/23 0/22 2/22 4/22
reddish materia

around vagina

Body weight gain (g)
gestation day 6-20 | 99 90* 97 72%*

**: Statistically significance (p<0.01)
The changes of clinical sign and body weigh gaiB06 mg/kg/d group were considered to be attridatadbthe foetal
toxicity.

The incidence of fetuses with cardiovascular abmdities, primarily VSD was significantly
increased (p<0.01) in the 300 mg/kg/d group. Teatenml related increases in wavy ribs
(minor anomaly; p<0.01)), were observed. In addititest material related decreases in
ossified sacrococcygeal vertebral bodies (stagiyicsignificant for females [p<0.05]) were
also observed. This was considered to be relatdatietalecreased fetal body weights, rather
than due to a direct effect of the test material.

TABLE 28: SELECTED FETAL DATA FROM THE RAT DERMAL D EVELOPMENTAL STUDY

deaths (%)

Parameter Dose level (mg/kg/d)
0 30 100 300
LITTER DATA
Mean live fetuses (n) 13.6 +2.41 12.2 + 3.07 H32336 8.1+ 5.90**
Fetal body weights M/F (g) 3.38/3.24 3.51 **B33. 3.43/3.24 3.10*/3.04
Total no. of embryonic 20 (6.0%) 16 (5.6%) 20 (6.4%) 122 (40.7%)**

VISCERAL EXAMINATION

abnormalities (n) [%]

No. examined (n) [M/F] 153 133 144 88
[751778] [58/75] [75769] [53/35]
Cardiovascular 5 (3.3%) 4 (3.0%) 10 (6.9%) 19 (21.6%)**

Historical control data fo

r cardiovascular abnormalities 7.5%

VSD (n) [%)] 1 (0.7%) 1 (0.8%) 2 (1.4%) 13 (14.8%)**
SKELETAL EXAMINATION
No. examined (n) [M / F] 159 136 149 90
[81/78] [62/74] [77172] [57/33]
Wavy ribs (n) [%] 0 (0.0%) 0 (0.0%) 2 (1.3%) 18 Q%)
Ossified sacrococcygeal 8.8+0.41/ 9.0+£0.37/ 8.9+£0.66/ 8.5+£0.78/
vertebral bodies (n) (M/F) 8.7+£0.37 8.8 £0.45 8.6 £0.55 8.4 £ 0.50*

* p<0.05; ** p<0.01

Based on the results of this study, the NOAEL fevalopmental toxicity was considered to be
100 mg/kg/d, based on increased incidence of VSayywibs and reduced ossification of
sacrococcygeal vertebral bodies in the fetuseatsf The latter observation was considered to

- 38 -



be related to the decrease in fetal body weightssigns of maternal toxicity were observed,

therefore the maternal NOAEL for considered to teater than 300 mg/kg/d.

4.11.3 SUMMARY AND DISCUSSION OF REPRODUCTIVE TOXICITY

Summary of the Dossier submitter’s proposal

The substance has a harmonised classification for reproductive toxicity in category 1B based
on teratology studies (consistent with guideline EPA OPP 83-3) in SD rats (oral and dermal)
and it is not contested in the dossier, that these results are severe enough to warrant
classification. Since the time the current classification was decided, new data have been
generated leading the DS to suggest the removal of the classification as toxic to reproduction.
The new data consisted of a negative teratology study in NZW rabbits (guideline EPA OPP 83-
3) and a large set of mechanistic data. The DS argued that the effects seen in rats are not
relevant for humans.

The principal argument does not question that flumioxazin causes significant developmental
toxicity/teratogenicity in rats but rather that there is a clear species difference with respect to
susceptibility to the specific mechanism, with rats more sensitive than humans which are in
turn more sensitive than rabbits.

The database contains the following;

1.The original guideline data set consisting of a 2-generation study in rats, oral and
dermal developmental toxicity studies in rats and a developmental toxicity study in
rabbits.

2.The original data set of mechanistic studies with flumioxazin:
-Haematotoxicity of flumioxazin
-Placental transfer
-Critical period of embryonic sensitivity
-Histopathological study of early stages of development in rat and rabbits foetuses
following exposure to flumioxazin
-Pathogenesis of developmental effects of flumioxazin
-Studies of PPO inhibition/PPIX accumulation in embryos
-Species differences in PPIX accumulation
-Critical period for PPIX accumulation in rat and rabbit embryos

3.Recent mechanistic studies
-Pharmacokinetics rat/rabbit
-Chronological changes of morphology and population of circulating erythroblasts in rat
embryos during yolk sac haematopoiesis.
-Inhibition of PPO activity by flumioxazin and its major metabolites, 3-OH S-53482, 4-
OH S-53482 and APF in rat liver mitochondria.
- Species differences in PPIX accumulation induced by flumioxazin in cryopreserved
hepatocytes among rat, rabbit, monkey and human.
- Effects of flumioxazin and metabolites of flumioxazin on haem synthesis pathway and
cell proliferation in K562 cells.
-Physiologically based pharmacokinetic (PBPK) modelling of flumioxazin in rats and
humans and in silico.

Summary of guideline Developmental toxicity studies.

Flumioxazin induced embryolethality and teratogenicity in the rat following dosing via both the
oral (at 30 mg/kg bw/day) and dermal (at 300 mg/kg bw/day) routes. Abnormalities mainly
consisted of cardiac ventral septal defect (VSD). In addition, there was an increase in the
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incidence of wavy ribs and reduced ossification of sacrococcygeal vertebral bodies
Furthermore, foetal growth retardation was also observed in both studies. This observation
was supported by the occurrence of reduced litter size (embryofoetal lethality) and reduced
pup weight seen in the 2-generation study. These effects were observed in the rat at relatively
low levels and in the absence of maternal toxicity. In contrast, flumioxazin showed no evidence
of developmental toxicity in the rabbit even in the presence of maternal toxicity. The maximum
dose administered in the rabbit study was 100-fold greater (3000 mg/kg/d) than the
maximum dose administered in the rat oral developmental study.

In addition, developmental toxicity studies were conducted with two closely related structural
analogues of flumioxazin. S-23031 was shown to be negative for developmental toxicity in
both the rat and rabbit. S-23121 was shown to cause increased incidence of cardiac VSD,
growth retardation and embryo lethality in the absence of signs of maternal toxicity in the rat,
and had no adverse effect on development up to doses causing maternal toxicity in the rabbit.

Proposed mechanism of action.

Flumioxazin is a herbicide which disrupts photosynthesis probably by inhibition of PPO and
auto-oxidation of protoporphyrinogen IX (PPPIX) to protoporphyrin IX (PPIX). Porphyrin
biosynthesis is common to plants and animals, as part of chlorophyll and as part of the
penultimate enzyme in haem synthesis, respectively. The mode of action of flumioxazin and N-
phenylimide herbicides is presented in Figure 1.

The mechanism by which developmental toxicity is produced by flumioxazin is presented in
Figure 2 and is postulated as follows: flumioxazin inhibits a key enzyme, (PPO) in rats,
interfering with normal haem synthesis in the mitochondria. Inhibition of PPO leads to an
accumulation of its substrate, PPPIX in the mitochondrion. The accumulated PPPIX leaves the
mitochondrion and undergoes non-enzymatic oxidation to PPIX in the plasma. The resulting
PPIX is out of reach of the final enzyme in haem synthesis (ferrochelatase) and cannot be
transferred to haem, resulting in anaemia. The foetal anaemia leads to hypoxia in foetal
tissues followed by suppressed liver function and a decrease in protein synthesis. This
decreased protein synthesis would result in wavy ribs and changes in osmotic forces are
thought to be responsible for the oedema observed in the foetus. Concurrently, the foetus may
compensate for the anaemia by pumping a greater volume of blood leading to the observed
enlargement of the heart just prior to closure of the interventricular foramen, thus resulting in
the delayed closure of the foramen and VSD. Thus, the VSD observed in teratology studies is
considered to be produced by mechanical distortion of the heart. The two other signs of
developmental toxicity reported (growth retardation and foetal death) are also considered
related to the hypoxia produced by the anaemic condition in the foetus.

Flumioxazin induced embryolethality and teratogiyiim the rat following dosingia both the oral
and dermal routes. Evidence of teratogenicity wakib&ted in the form of cardiovascular
abnormalities, mainly VSD, and an increase in the@dence of wavy ribs was also observed.
Furthermore, fetal growth retardation was also pkeskin both studies. These effects observed in
the rat were in the absence of maternal toxicitycontrast to the rat, flumioxazin showed no
evidence of developmental toxicity in the rabbieevn the presence of maternal toxicity. The
maximum dose administered in the rabbit study wag-fbld greater (3000 mg/kg/d) than the
maximum dose administered in the rat oral developaietudy.

In the multi-generation study there was an increéasesorptions and a decrease in pup survival
and average pup weight which were probably seesmasxtension of the causal effects which
resulted in the increased embryolethality and gnowetardation observed in the rat

developmental studies. No treatment related eff@ctertility were observed.
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4.12 MECHANISTIC STUDIES

The results of mechanistic studies are summarisélis section. New mechanistic studies which
were conducted after the publication of flumioxairirthe 28th ATP of the DSD are summarised
first (Section 4.12.1), whilst the previous mecséinistudies which established the mode of action

for teratogenicity in the rat are summarised intides 4.12.2 to 4.12.4.

4.12.1 NEW MECHANISTIC STUDIES

TABLE 29: OVERVIEW OF NEW MECHANISTIC STUDIES CONDUCTED ON FLUMIOXAZIN

No guideline available; non-GLE

purity: 99.0%
APF
purity: 99.9%

Method Results Remark$ Reference
rat pharmacokinetic study The total amounts dfC excreted into bile and2 (reliable with |Takaku, T.
(3 females/gp) urine and**C remained in the carcass showegrestrictions) (2012a)
oral: gavage that the absorption (bile + urine + carcass) iNkey study SBM-0092
rat (Crl:CD (SD)): females was 12.3% after a single oral [phenyl-U
1000 mg/kg/ 3.7 MBg/single do 3aedmlmstratlon of flumioxazin at 1000 mg/kg. MCIflumioxazin
No guideline available; non-GLP purity: 98.6%
Flumioxazin
rat / rabbit pharmacokinetic studin rats significantly higher transfer of 2 (reliable with | Shirai, N.
(4 females/gp) radioactivity to blood cells was observed restrictions) (2009)
oral: gavage compared with rabbits. Elimination of key study SBM-0081
. radioactivity from female reproductive tissue |of

rat (HW): : mf henyl-U

both species was slower than that from plas . .
30 mg/11.3 MBqg/5 mL/kg/d : : o : Jflumioxazin

) with only a small amount of radioactivity belr% itv- 99 90/
rabbit (NZW): transferred to the fetus. urty: 9.9
30 mg/1.12 MBq/0.5 mL/kg/d Flumioxazin
(exposure from GD 6 — 12) purity: 99.4%
Japanese guidelines on non-
clinical pharmacokinetic studies
no.496; non-GLP
development of rat erythroblastsin rats differentiation of circulating 2 (reliable with |lhara, R.
in rat embryosex vivo erythroblasts in rat embryos from embryonic|restrictions) (2011)
rat (SD) male/female day 11 to 14 was synchronised. key study SBT-0117
No test material added, study purity: nfa
used to examine differentiation pf
developing erythrocytes
No guideline available; non-GLP
inhibitory action against the Flumioxazin has the strongest inhibitory actiy2 (reliable with |Abe, J.
enzyme PPO obtained from rat|among the 4 substances tested, followed by [8estrictions) (2011a)
liver mitochondriajn vitro OH S-53482 and 4-OH S-54382, which weréyey study SBT-0118
S-53482: 10 pM - IM 13.7 and 147 times weaker than flumioxazin Flumioxazin
. APF does not have any inhibitory activity o

3-OH S-53482: 100 pM - 1oM against PPO up to 1GM. purity: 99.4%
4-OH S-53482: 1 nM - 100M 30H S-53482
APF: 1 nM - 10QuM purity: 99.6%

b 40H S-53482

K562 cell differentiation into
erythroid cells in the presence ¢

PPIX accumulation in K562 cells was obsery
&t concentrations of IM and greater in dose

@d(reliable with
restrictions)
ffect

flumioxazin,in vitro

dependent manner, there however was no e

Kawamura, S
(2012a)
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Method Results Remark$ Reference
0.01 - 5uM on cell proliferation or haem synthesis at the|key study SBT-0119
No guideline available; non-GLphighest dose tested. purity: not
stated
K562 cell differentiation into There was no effect on protoporphyrin IX |2 (reliable with |Kawamura, S
erythroid cells in the presence gtontent, heme synthesis and cell proliferatiorrestrictions) (2012b)
metabolites of flumioxazirin when K562 cells were treated with the key study SBT-0123
vitro metabolites, while flumioxazin increased fity: not
5uM protoporphyrin IX in K562 cells. gtuatle)g
No guideline available; non-GLP
species difference in The induction ratios of PPIX following 2 (reliable with  |Abe, J.
accumulation of PPIX in primarytreatment with flumioxazin at 0483/mL were |restrictions) (2011b)
hepatocytes from rat, rabbit, |10.3, 1.1, 1.4 and 4.4-fold in primary key study SBT-0120
monkey & humanin vitro hepatocytes of rat, rabbit, monkey and human itv- 99,40/
0.01 - 0.3ug/mL respectively. These results suggest that rat [PUMY: 9247
No quideline available: non_GLPhepatocytes are more sensitive to flumioxazin
9 ' treatment than the other 3 species, including

human.
PBPK modelling of flumioxazin | The developed human PBPK model 2 (reliable with  |Takaku, T.
in rats and humang) vitro andin |demonstrated that the human fetal exposure|testrictions) (2012b)
silico flumioxazin following a maternal oral dose ofkey study SBM-0093
5.6 — 100uM 1000 mg/kg would be 0.68 ppm (1.8R1), [ohenyl-U
No quideline available: non_GLPeIucidating that exposure to flumioxazin in a ll‘?C fl yi- .

9 ' human fetus would be relatively low, even at ] umioxazin
1000 mg/kg. purity: 98.6%

1. Studies evaluated according

the criteria sebgilimischet al (1997)

Biliary excretion study in female rats (SBM-0092)

The biliary excretion of [phenyl-U*C] flumioxazin was investigated in bile duct-carated
female rats at a dose of 1000 mg/kg bw. Three ferrak were orally dosed with radiolabelled
flumioxazin by gavage, and bile, urine and faecesewcollected at approximately 0-24, 24-48
and 48-72 hours after dosing. The gastrointestnaat (with contents) was also collected from
each animal at time of sacrifice. Total radioactresidues were determined in tissue samples
and in the residual carcass. Most of the radioagt(84.7%) was eliminated in the faeces by 72
hours after dosing. Excretion in urine and bile carted for 6.8 and 5.2% of the dose,
respectively, with very low amounts remaining ire tgastrointestinal tract (0.6%) and the
residual carcass (0.3%). TotHIC recoveries accounted for 97.6% of the dose. Ti& o
absorption of flumioxazin at 1000 mg/kg bw was ag&dted to be 12.3% by summing the urinary
and biliary**C excretion and th&C remaining in the carcass.

Rat / rabbit pharmacokinetic study (SBM-0081)

Non-fasted pregnant rats and pregnant rabbits admrenistered“C-flumioxazin at 30 mg/kg/d
for 7-daysvia oral gavage from gestation day 6 to 12. Conceatratof radioactivity in blood
and plasma, excretion in urine and faeces, tissneantrations, tissue distribution and transfer
to female reproductive tissues were investigatean@sition of flumioxazin and its metabolites
in urine, faeces, plasma, blood cells, liver, arhaitbuid and fetus were also examined.

Blood, plasma and excreta were obtained daily gosing. In order to complete a time course,
blood and plasma were also collected up to 24 bt the final administration. Tissues were also
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collected at 7 and 24hrs (rats) or 3 and 24hrd(ts)post the final dose. Tissues collected
included kidney, liver, spleen, fat, ovaries, plaeg uterus and fetus along with amniotic fluid to
determine concentration of radioactivity. Concetitres of flumioxazin and its metabolites were
determined in urine, faeces, plasma, blood céller,Ifetus and amniotic fluid.

Flumioxazin was rapidly excreted in pregnant rablfitrine and faeces) and pregnant rats
(mainly faeces). The concentration of radioactivityblood and plasma almost reached steady
state on day 4 and on day 2 for rats, respectiaiyg the concentrations in both blood and
plasma of rabbits did not reach steady state wiien7 day dosing period. In rats flumioxazin
was distributed at higher concentration in allues except for the uterus, amniotic fluid and
fetus. In rabbits flumioxazin was distributed atvéy concentrations in all tissues, except for
liver and kidney than in plasma. Elimination of iGattivity from female reproductive tissue of
both species was slower than that from plasma, @ntls a small amount of radioactivity being
transferred to the fetus.

Study examining chronological changes of morphologyand population of circulating
erythroblasts (SBT-0117)

Differentiation of circulating erythroblasts in rambryos was investigated from embryonic
development day (EDD) 11 through to EDD 14. Timeelgpant females were anaesthetised in
the morning of the scheduled necropsy, uteri andrgos were removed. Embryos were
exsanguinated from severed umbilical cord and earbcyblood cells from the same litter were
pooled.

On day 11 of embryonic development more than 95%cicfulating erythroblasts were
composed of basophilic erythroblasts. From day 4218 of embryonic development the
predominant cell population was the polychromatipherythroblast (PCE). At day 14 the
population of PCE was markedly reduced, with th@arhromatophilic erythroblast population
becoming predominant.

The results of this study show that differentiatadrcirculating erythroblasts in rat embryos from
embryonic Day 11 to 14 was synchronized.

Study examining the inhibition of PPO activity by fumioxazin and its major metabolites
(SBT-0118)

Potential inhibitory enzyme activity of flumioxaz(®-53482; at 10 pM, 100 pM, 1 nM, 10 nM,
100 nM, 1uM) and its major metabolites, 3-OH S-53482 (at P8O 1 nM, 10 nM, 100 nM,

1 uM, 10 uM), 4-OH S-53482 (at 1 nM, 10 nM, 100 nM,uM, 10 pM, 100 uM) and APF (at

1 nM, 10 nM, 100 nM, 1M, 10 uM, 100 uM) against protoporphyrinogen oxidase (PPO) was
conductedn vitro using rat liver mitochondrial fraction.

In conclusion, flumioxazin has the strongest intoityi activity among the 4 substances tested,
followed by 3-OH S-53482 and 4-OH S-54382, whichrev3.7 and 147 times weaker than
flumioxazin. APF does not have any inhibitory aityivagainst PPO up to 1G0M.
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Study examining the effects of flumioxazin on the &em synthetic pathway and cell
proliferation (SBT-0119)

The objective of this study was to investigate dffect of flumioxazin on the haem synthetic
pathway in human erythroid cells, whereby K562 scellere induced to differentiate into
erythroid cells using sodium butyrate (NaB), folldv by treatment with flumioxazin at
concentrations of ranging from 0.01 t@/gl.

K562 cells were plated at 1 x Z1€ells/mL/well (24-well plate) cells in RPMI mediucontaining
flumioxazin at concentrations ranging from 0.015tpM. In order to stimulate differentiation,
NaB was added to RPMI medium containing flumioxadiherefore, the concentration range of
flumioxazin used was examined in the presence & &laall concentrations, 0, 0.01, 0.1, 1 and
5uM. Cell densities were determined on days 2, 4nd & (following sub-culturing at Day 4)
with PPIX and haem content determined at the sateevials using LC/MS detection.

In conclusion, PPIX accumulation in K562 cells & M and above was observed in a dose
dependent manner, with no effect on cell proliierabr haem synthesis up to the highest dose
of 5.0uM.

Study examining the effects of metabolites of fluroixazin on the haem synthetic pathway
and cell proliferation (SBT-0123)

The objective of this study was to investigate éfffects of metabolites of flumioxazin on the
haem synthetic pathway in human erythroid cellsenehy K562 cells were induced to
differentiate into erythroid cells using sodium yrate (NaB), followed by treatment with
flumioxazin or each of three metabolites (3OH-florazin, 40H-flumioxazin and APF) at a
concentration of pM.

K562 cells were plated onto 6 cm dishes at 5%cklls/5mL/dish in RPMI medium containing
flumioxazin or the metabolites at a concentratié® @M. In order to stimulate differentiation,
NaB was added to RPMI medium containing flumioxaamthe metabolites. Therefore, the
concentration range of flumioxazin or the metalesliised were examined in the presence of
NaB at two different concentrations, 0 anduMd (flumioxazin, 30OH-flumioxazin, 40OH-
flumioxazin and APF). Cell densities were deterrdirma days 2, 4, 6 and 8 (following sub-
culturing at Day 4) with PPIX and haem content dateed at the same intervals using LC/MS
detection.

There was no effect on PPIX content, heme synthasiscell proliferation when K562 cells
were treated with the metabolites of flumioxazirPI® accumulation in K562 cells was
observed with flumioxazin but there was no effeat aell proliferation or haem synthesis
(consistent with the results of SBT-0119).

Study examining the species differences in accumdti@n of PPIX in primary hepatocytes
SBT-0120)

The objective of this study was to investigatespecies difference in the accumulation of PPIX
due to the inhibition of protoporphyrinogen oxiddgeflumioxazinin vitro using cyropreserved
primary hepatocytes from rat, rabbit, monkey anchan.

Cells were thawed and seeded at 0.5%ckls/mL in a 24 well plate for approximately
24 hours. Flumioxazin was dissolved in DMSO andealdtb at final concentrations of 0, 0.01,
0.03, 0.1 and 0.8g/mL. No less than six replicates of each concéntravere prepared, with
each experiment conducted in triplicate for eatlotdnepatocytes.
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Following exposure to flumioxazin for 24 hours medi was removed, cells harvested and
processed for potential PPIX accumulation usingM&/analysis. The concentration of PPIX
was expressed in terms of protein concentration.

Basal PPIX concentration in rat hepatocytes was @ggig protein and was increased by the
addition of flumioxazin dose dependently, with &-fald increase above the basal level when
cells were exposed to Oug/mL of flumioxazin.

Basal PPIX concentration in rabbit hepatocytes wigslar to that in the rat, however PPIX
concentration was not increased in rabbit hepag¢scwthen exposed to flumioxazin. A similar
effect was seen in monkey hepatocytes, whilst gmabPPIX concentration was much lower
(42 pg/mg protein), no accumulation of PPIX waserbbed when monkey hepatocytes were
exposed to flumioxazin.

In all 3 batches of human hepatocytes, basal Pe\lXl$ were much lower than that of the rat
and rabbit, and the mean PPIX concentration oBtlas in the control samples was 180 pg/mg
protein. An approximate 4.4 fold increase in PPIlhaentration was observed following
exposure to flumioxazin up to Ou8/mL.

In conclusion, the induction ratios of PPIX followy treatment with flumioxazin at O.&/mL
were 10.3, 1.1, 1.4 and 4.4 fold in primary hepgtes of rat, rabbit, monkey and human
respectively. These results suggest that the naatbeytes are more sensitive to flumioxazin
treatment than the other 3 species, including hisman

PBPK modelling of flumioxazin in rats and humans (8BM-0093)

The objective of this study was to develop a pHggically based pharmacokinetic (PBPK)

model for flumioxazin in order to predict parenirflioxazin concentrations in blood and fetus of
pregnant humans based on data obtained in th&mah vitro metabolism study using rat and

human liver microsomes was carried out to deterramespecies differences in the metabolism
of flumioxazin between rat and human. Physiologidata for humans were cited from the
literature and the human model was developed tdigr¢he pharmacokinetics in humans in

several tissues. Whilst it is impossible to measxgerimentally human fetal concentrations of
flumioxazin, development of the PBPK model in thegmant rat was scaled to humans to
provide an estimate of the disposition of flumiaxan pregnant humans.

The metabolites produced by human microsomes weaglynidentical to those produced by
female rat liver microsomes, it was therefore codetl that there was no species difference in
the metabolism of [phenyl-&Clflumioxazin.

The rat PBPK model accurately simulates the blologgr and fetus concentrations of
flumioxazin at single oral doses of 30 mg/kg. The model was extrapolated to the pregnant
human based on human physiological data anthtligro metabolism data. The fraction of dose
absorbed at 1000 mg/kg in the rat was 12% (see 8882). These values were then combined
to develop the PBPK model at a dose of 1000 mg/kg.

Simulated blood and fetus concentrations of fluram at an oral dose of 1000 mg/kg in
pregnant humans were estimated at 0.86 ppm and pPré8 (maximum concentration),
respectively, elucidating that exposure to flumiran the pregnant human and fetus would be
relatively low, even at 1000 mg/kg.

The developed human pregnant PBPK model demorstthée the human fetal exposure to
flumioxazin following a maternal oral dose of 100@/kg would be 0.68 ppm (1.92M).
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4.12.2 HAEMATOTOXICITY AND PLACENTAL TRANSFER MECHANISTIC
STUDIES

TABLE 30: OVERVIEW OF HAEMATOXICITY AND PLACENTAL T RANSFER MECHANISTIC
STUDIES CONDUCTED ON FLUMIOXAZIN

Method Results Remark$ Reference

rat (SD) study examining the |Flumioxazin induced anaemia in rats can be|2 (reliable with |Yoshida

mechanism of haematotoxicity |classified as sideroblastic anaemia resulting |restrictions) (1996)
(up to 30 animals/sex/gp) grimaril)r/] from the de;e;]ctive halert? pft;)l_thwayh key study SBT-0059
oral: feed uring the process of haemoglobin biosynt eB'uSrity: 94.8%

considering the increase in porphyrins and

study 1.0, 3000, 10000 ppm siderocytes. The increased blood porphyrin

study 2: 0, 3000 ppm level suggested the S-53482 induces porphyfria

(exposurestudy 1: 37 days; stugin rats.

2: 15 days)

No guideline available; non-GLP

rat / mouse (SD / ICR) study |In mice significantly higher transfer of 1 (reliable withoutlsobe (1992)
examining placental transfer of [radioactivity to blood cells was observed restriction) SBM-20-0015
flumioxazin (24 animals/gp) ~ |compared with rats. Elimination of radioactivipey study

oral: gavage from female reproductive tissue of both SpeCiﬁ:%enyl-U

30 mglkg was slower than that from blood (blood cell &14C]flumioxazin
plasma), with only a small amount of

(exposure:GD12) radioactivity being transferred to the fetus. |Purity: >99%

EPA OPP 85-1, non-GLP

rat / rabbit (SD / JW) study In rats significantly higher transfer of 2 (reliable wittout|Isobe (1993)
examining placental transfer of |radioactivity to blood cells was observed restriction) SBM-30-0032
flumioxazin compared with rabbits. Elimination of key study

oral: gavage radioactivity from female reproductive tissue ﬂ:];henyl-u 140

30 ma/k both species reached maxima 2-4 hrs after mioxazin
g’kg ) administration and decreased rapidly thereaﬂﬂe , loxazl
(exposure: rats GD 12/ mice | with only a small amount of radioactivity beingurity: >99%
GD10) transferred to the fetus.
EPA OPP 85-1, non-GLP

1. Studies evaluated according the criteria sebgulimischet al (1997)

Study examining the mechanism of haematotoxicity ithe rat (SBT-0059)

In a 15 and 37 day study S-53482 was fed to ratso(230 animals/sex/group) at doses of 0,
3,000 and 10,000 ppm. The purpose of the study teasletermine the effects on the
haematological system to explain the mechanism biglwthe test material induces anaemia.
Haematological parameters were assessed by exanthmenerythrocyte count, reticulate count,
neutrophil count, haemoglobin concentration, haeprdt value, bone-marrow myeloid/
erythroid (M/E) ratio, MCV, MCH and MCHC. Additiohaurinary coproporphyrin and
biochemistry were evaluated. During the treatmemniopl, no animal died, nor did body weights
or food consumption show any consistent remarkeldages.

The haematological changes at 3,000 ppm and higbse groups included decreases in
erythrocyte count, haemoglobin concentration aneirteocrit value with decreases occurring
progressively over time from day 5 through day 15.

The neutrophils and reticulocytes decreased dwarty treatment but increased thereafter, and
the bone-marrow M/E ratio tended to increase digghh day 2 but then decreased. These
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observations suggest that erythropoiesis was deguteduring the early treatment period but
subsequently was stimulated.

In contrast MCV, MCH and MCHC were decreased froaysd15 through day 37. These
decreases suggest the persistence of a haemogdlefitiency in erythrocytes even after
increased erythropoiesis and the generation of ¢tyjonic, microcytic erythrocytes.

In the blood biochemistry tests, the abnormal figgdi in treated groups included increases in
serum iron, total cholesterol, blood urea nitrogerdium & potassium as well as decreases in
GOT, uric acid, calcium and triglyceride. Increasigdr and spleen weights were also observed
in the treated groups. The urinary coproporphynd arythrocyte protoporphyrin levels were
increased in the 3,000ppm group.

There was an increase in the number of sideroaytge peripheral blood and the concentration
of porphyrin in urine and erythrocytes increasethwiime. The accumulation of porphyrins in

the body signifies that porphyrin is not convertedo haemoglobin, and the increase in
siderocytes indicates that due to defective haeobaglsynthesis, iron accumulated in excess
erythrocytes.

In conclusion, S-53482 (flumioxazin) induced anageimi rats can be classified as sideroblastic
anaemia resulting primarily from the defective hgsathway during the process of haemoglobin
biosynthesis considering the increase in porphyans siderocytes. The increased blood
porphyrin level suggested the S-53482 induces poigpin rats.

Study examining the placental transfer in rats andnice (SBM-20-0015)

Non-fasted pregnant rats and pregnant mice werénistered“C-flumioxazin at 30 mg/kg
once by oral gavage from gestation day 12 foraatsday 10 of gestation for mice to determine
the extent of fetal exposure to flumioxazin andnistabolites.

Blood, blood cells and plasma were collected atifsae, 1, 2, 4, 8, 24 and 72 hrs after
administration. Tissues were also collected attthie included bone marrow, fat, fetus, kidney,
liver, ovary, placenta, spleen and uterus to detegrine concentration of radioactivity.
Concentrations of flumioxazin and its metabolitesevdetermined in urine, faeces, blood, blood
cells, plasma, liver and fetus (mice only).

Flumioxazin was rapidly excreted in pregnant rais mice (mainly faeces), with excretion
being more rapid in mice than rat&C-concentrations in most of the analysed tissuesioé
reached maxima and decreased more rapidly thae tifaats. In both rats and mice
flumioxazin was distributed at higher concentragiamthe blood. Elimination of radioactivity
from female reproductive tissue of both species slaser than from plasma, with only low
amounts of radioactivity being transferred to teei$. The maximurfC concentration in the
fetus was 1.05 and 1.72 ppm for rats and miceectsely.

The metabolism of flumioxazin was qualitatively geme between pregnant rats and mice.
However, it was suggested that 3-hydroxylationvagtimight be higher in pregnant rats than in
pregnant mice. The major metabolite in fetus ofendt 1 hr after administration was 4-OH-
flumioxazin.

Study examining the placental transfer in rats andabbits (SBM-30-0032)

Non-fasted pregnant rats and pregnant rabbits admenistered“*C-flumioxazin at 30 mg/kg
once by oral gavage from gestation day 12 to deterthe extent of fetal exposure to
flumioxazin and its metabolites.
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Blood, blood cells and plasma were collected atifiees, 1, 2, 4 and 24 hrs after administration.
Tissues were also collected at this time includaaebmarrow, fat, fetus, kidney, liver, ovary,
placenta, spleen and uterus to determine the ctmatien of radioactivity. Concentrations of
flumioxazin and its metabolites were determinedrne, faeces, blood cells, plasma, liver and
fetus.

Flumioxazin was excreted in pregnant rats and tabonainly faeces), with excretion being
more rapid in rats than rabbit§!C-concentrations in most of the analysed tissuesatsf and
rabbits including the fetus reached maxima at 2s4 &lthough concentrations in rats were much
higher and decreased more rapidly than in rabmtdoth rats and rabbits flumioxazin was
distributed at higher concentrations in the liverd akidney compared with other tissues.
Maximum **C concentrations in maternal tissues were highat those observed in the fetus or
amniotic fluid in both species. For those time pginvhere sufficient fetal tissue was available
for metabolite identification (1 and 24 hours fatsand 2 and 24 hours for rabbits), the highest
concentration of parent flumioxazin was 0.06 (dtoLrr after dosing) and 0.02 (at 2 hours after
dosing) pg/g tissue for rats and rabbits, respelgtivi hese data indicate that flumioxazin crosses
the placenta and that both parent and various rokdare present in measurable quantities in
the fetus. At the same dose level, the concentratigadioactivity and of flumioxazin is greater
in rat foetuses than rabbit foetuses but less floand in the mouse. No clear pattern of
absorption, distribution, metabolism or excretiomswevident which could account for the
species-specific developmental toxicity in rats.

4.12.3 FURTHER DEVELOPMENTAL MECHANISTIC STUDIES

TABLE 31: OVERVIEW OF FURTHER DEVELOPMENTAL MECHANI STIC STUDIES CONDUCTED ON
FLUMIOXAZIN AND ITS METABOLITES

Method Results Remark$ Reference

rat (SD) study examining the |The data confirmed that the most sensitive |2 (reliable with |Kawamura

critical period for developmentaldevelopmental stage common to VSD, restrictions) (1993a)
toxicity (5 females/gp) embryonic mortality and reduced fetal body key study SBT-30-0044
oral: gavage weight was GD 12Since all 3 endpoints peak

in incidence on GD 12, it is suggested that th Bunty: 94.8%

echanism involved in all 3 parameters is
bmmon to teratogenicity, embryolethality and
growth retardation.

400 mg/kg
(exposure: single dose on GD 1
12, 13, 14 or 15)

EPA OPP 83-1, non-GLP

rat (Wistar) study examining theDirect exposure of developing embryos on GR (reliable with |Wilsonet al

effects of irradiation on 9 at increasing doses of irradiation was restrictions) (1953)
embryonic development associated with increased incidences of supporting study
irradiation: direct exposure cardiovascular abnormalities, which were uritv-n/a

associated with the high rate or prenatal purty.

25, 50, 100, 200, 400r
(single exposure GD 9)

No guideline available; non-GLP

mortality.

rat (Donryu) study examining thdRates of resorption tended to be higher in |2 (reliable with |Miyagawaet

effects of nimustine accordance with increasing dosage. The highestrictions) al (1988)
hydrochloride on cardiovascularfrequency of cardiovascular anomalies was supporting study
embryonic development found in the groups treated on GD 8, but thereurit - not

intraperitoneal injection was no difference in the rates induced by thg gtate)g

three dosages of nimustine hydrochloride

10, 11, 13 mg/kg administered.

(single exposure GD 7, 8 or 9)
No guideline available; non-GLP
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Method Results Remark$ Reference
rat / rabbit (SD / JW) study Flumioxazin did not induce VSD due to direct2 (reliable with |Kawamura &
examining the histopathologicalinjurious effect on embryonic heart tissue. Theestrictions) Yoshioka
effects of flumioxazin on effects were likely attributed to an indirect  |yey study (1997)
embryonic development mechanism, where flumioxazin inhibits PPO inurit 9489 |SBT-0064
oral: gavage rat embryos only, thereby interfering with ~ [PUMY- 9% and
0, 1000 mg/kg normal haem biosynthesis resulting in
g embryonic anaemia. The embryo compensates Kawamura
(single exposure GD 12) ; ; : ; 1993b
for the anaemic hypoxia by increasing heart ( )
EPA OPP 83-3; non-GLP stroke volume, leading to hypertrophy of the SBT-30-0043
heart. VSD defects result from mechanical
distortion of the heart
rat (SD) study examining the |Data from this study suggest that the enlarged (reliable with |Kawamura
pathogenesis of developmental|heart, oedema and anaemia preceding the |restrictions) (1997)
effects produced by flumioxazinoccurrence of fetal mortality may be key study SBT-0065

oral: gavage

0, 400 mg/kg

(single exposure GD 12)
EPA OPP 83-3; non-GLP

instrumental in the cause of dea®milarly, the
occurrence of enlarged heart preceding the
failure of the interventricular closure would b
related to the pathogenesis of this finding.

purity: 94.8%

e

rat (SD) developmental study
(21 females/gp)

oral: gavage

0, 1, 3, 10, 20 mg/kg/d
(exposed GD 6 — 15)

EPA OPP 83-3; GLP

NOAEL maternal toxicity: >20 mg/kg/day
based on no signs of maternal toxicity obser
up to the highest dose tested

NOAEL developmental toxicityca.

10 mg/kg/day based on increased incidence
cardiac ventricular septal defects, growth
retardation and embryo lethality

1 (reliable withou
uestriction)
key study

S-23121
Blrity: 94.7%

Kawamura
(1990b)

PPT-00-0023

rabbit (NZW) developmental
study (20 females/group)

oral: gavage

0, 2, 4, 8, 15 mg/kg/d
(exposed GD 7 — 19)

EPA OPP 83-3; GLP

NOAEL maternal toxicityca. 2 mg/kg/day

based on reductions in maternal body weigh
body weight gain and relative / absolute food
consumption

NOAEL developmental toxicity: >15mg/kg/da
based no effects observed up to the highest
tested

1 (reliable withou
Lrestriction)

key study

S-23121
Wurity: 94.7%
dose

Hoberman
(1990)

PPT-01-0020

rat (SD) developmental study
(25 females/group)

oral: gavage

0, 50, 500, 1500 mg/kg/d
(exposed GD 6 — 15)

EPA OPP 83-3; GLP

NOAEL maternal toxicity: >1500 mg/kg/day
based on no signs of maternal toxicity obser

NOAEL developmental toxicity:
>1500mg/kg/day based on no effects obsery
up to the highest dose tested

1 (reliable withou
uestriction)
key study

efr3031
purity: 94.4%

Lemen
(1991a)

SAT-11-0024

rabbit (NZW) developmental
study (17 females/group)

oral: gavage

0, 100, 200, 400, 800 mg/kg/d
(exposed GD 7 — 19)

EPA OPP 83-3; GLP

NOAEL maternal toxicityca. 400 mg/kg/day
based on reductions in maternal body weigh
body weight gain and mortality

NOAEL developmental toxicity:
>800mg/kg/day based am effects observed
to the highest dose tested

1 (reliable withou
Lrestriction)
key study

S-23031
purity: 94.4%

Lemen
(1991b)

SAT-11-0025

1.Studies evaluated according the criteria sebgi€limischet al (1997)

Study examining the critical period for developmenal toxicity in rats (SBT-30-0044)
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Pregnant animals (5/gp) received a single oral adtnation of flumioxazin (400 mg/kg) on
either GD 11, 12, 13, 14 or 15 to determine thcaili period of embryonic sensitivity. All dams
were sacrificed on GD 20. Live fetuses were fixad axamined for VSD.

The data confirmed that the most sensitive devetopiat stage common to VSD, embryonic
mortality and reduced fetal body weight was GD 3ixce all 3 endpoints peaked in incidence
on GD 12, it is suggested that the mechanism imglin all 3 parameters is common to
teratogenicity, embryolethality and growth retarolat

TABLE 32: INCIDENCES OF EMBRYONIC DEATHS, FETAL BOD Y WEIGHTS AND VENTRICULAR
SEPTAL DEFECTS

Parameter Time after administration (h)
11 12 13 14 15
Embryonic mortality 2.7% 39.4% 16.1% 9.9% 6.3%
Male fetal body weight 3.34g 3.23¢g 3.73¢g 3.59¢g §.67
Female fetal body weights 3.22¢g 2.95¢ 3.49¢g 3.14¢g 3.46¢g
VSD 6.9% 14.0% 5.8% 4.7% 2.2%

Both x-ray irradiation (Wilsoret al. (1953) and nimustine (Miyagawet al. (1988) produce
ventricular septal defects mostly likely via dirée@mage to the heart as a result of their abibity t
damage cardiomyocytes. The critical period for @ardlamage by these agents is determined to
be earlier than GD 12. This would further suggast flumioxazin might not produce cardiac
ventricular defectvia direct damage to embryonic heart tissue but ratieugh an indirect
mechanism.

Published paper examining the effects of irradiatia on rat embryonic development

On the 9th day of gestation, female rats were d@hegsed and the ventral abdominal wall
opened by midline incision. One uterine horn wasught to the surface of the incision and lead
plates were then arranged around and underneathntpkantation sites ensuring that all
remaining embryos and maternal tissues were slielddéter exposure of the unshielded
embryos, they were promptly returned to their odgdiposition in the abdominal cavity. The
second uterine horn was then brought to the suriamgerwent similar manipulation but were
not irradiated. Doses of 25, 50, 100, 200 and 4@Cair) were given at a single exposure to the
unshielded embryos. Duration of exposure never edex 2 minutes. After post-irradiation
intervals of 1 to 12 days the mothers were killed &oth uterine horns inspected situ for
resorbed implantation sites and then dissecteckzachined microscopically.

Prenatal mortality was highest among irradiatednals than their non-irradiated siblings after
exposure to all doses employed except 25r andrneased proportionately with higher dosage at
all levels above 50r, with virtually all embryoscetving 200r dying within 4 day of treatment
and the majority of embryos receiving 400r dyinghivi 24h. Whilst multiple developmental
effects were observed, discussion is focused omrdhgiac effects; the paper however does not
clearly state which treatment group (100r or 2@0e)effects were seen in.

Cardiac malformations were noted in 17 instances8 lcases the abnormalities consisted of
defective development in one or more of the 3 megdiac septa, namely the interatrial, the
interventricular or the AV septum.

Although not morphologically indicated on GD 9, tbegans (in particular the heart) later
specifically affected by irradiation must have beepresented by certain cells that had already
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been induced or predetermined to form particuleucstires later on in development. Thus it
would appear that predetermined but undiffererdigbeémordia were more sensitive to the

teratogenic effects of irradiation than organs thatl already begun to differentiate. This is
further supported by the observation that the h@ad not structurally represented on GD9, yet
was frequently malformed by irradiation at thiséirAbnormalities involving the cardiovascular

system were less frequent in term animals and apgea be associated with, if not responsible
for the high rate of prenatal mortality.

Published paper examining the cardiovascular anomas produced by nimustine
hydrochloride in rat fetuses

Pregnant rats received a single, intraperitonealedof nimustine hydrochloride (nitrosurea
derivative anticancer agent that produces alkyblatb DNA) of 10, 11 or 13 mg/kg. The drug
was administered on GD 7, 8 or 9. Control ratsivecka single dose of saline on GD 8. Rats
were sacrificed on GD 20. The uterine contents we&emined, the number of dead or resorbed
fetuses were noted, survivors removed and examioedxternal malformations with heart
removed for morphological investigations.

Rates of resorption tended to be higher in accaelamith increasing dosage. The highest
frequency of cardiovascular anomalies was founthéngroups treated on GD 8, but there was
no difference in the rates induced by the threades of nimustine hydrochloride administered.

The most common cardiovascular anomalies observee WSD and double outlet right

ventricle. A considerable number of affected fetuskowed complex cardiac anomalies with
AV mal-alignment and other AV value anomalies. h@snomalies include: double inlet left

ventricle, straddling AV value, atresia or stenadithe AV value and dysplastic AV value.

Study examining the histopathological effects of dimioxazin on embryonic development
(SBT-0064 and SBT-30-0043)

Flumioxazin was administered as a single arial,gavage dose to group of both rats and rabbits
on day 12 of gestation only. The dose administéoeloth species was 1000 mg/kg, based on
previous developmental work where the developmetazicity was produced by a single
administration at 400 mg/kg in rats and for rabbies NOAEL was in excess of 3000 mg/kg, in
the presence of maternal toxicity.

Rats were sacrificed 6, 12, 24, 36 and 48 h anbitabvere sacrificed 6, 24 and 48 h post
administration. Control values were obtained frontreated animals sacrificed at time point 0.
Embryos with their placentas attached were remdraed the uterus and examined for external
malformations. The number of live and dead embryere counted. Live fetuses were subjected
to the following examinations: umbilical blood sm&ayolk sac and amnion were opened and
the umbilical cord exposed and embryonic blood dadipSections of the whole embryo
including the thoraco-abdominal region were madeé awaminedvia light and electron
microscopy.

Treatment related histopathological changes westiceged to rat embryos only. Microscopy
demonstrated mitochondrial lesions including abradrimon deposition, probably due to the
inhibition of haem synthesis in erythroblasts dedivfrom the yolk sac and subsequent
degeneration of erythroblasts and erythrophagomsytbistological changes in the heart, such as
thinning ventricular walls followed the erythrohii@slesion and likely reflected a compensatory
reaction to the loss of embryonic blood cell popata
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It is concluded that flumioxazin induced VSD byealbg haematological functiomia the
inhibition of haem synthesis rather than produ@rdirectly injurious effect on the heart.

Study examining the pathogenesis of developmentdfects produced by flumioxazin (SBT-
0065)

Day 12 of gestation was selected as the day of rastration on the basis of data showing that
rats were the most sensitive to flumioxazin on #iayFlumioxazin was administered as a single
dosevia oral gavage on GD 12 at a dose of 400 mg/kg.

Rats were sacrificed on GD 13, 14, 15, 16, 17 anhdJi2eri were removed and the numbers of
implantations were counted. Live foetuses were thdnjected to the following examinations:

about half of the litters sampled on GD 14 to 20enexamined for interventricular foramen. The
remaining half of the litters were examined foreets on haematology (RBC, Hb concentration)
and blood chemistry (serum protein) parameters.eBard cartilage of fetuses on GD 15 to 20
were examined.

On GD 14 treated embryos were observed to havegenleheart, oedema and anaemia. These
effects were also observed on GD 15 and 16. Pesketldates treated litters were similar to
controls. The mortality rate was relatively constdmwoughout this period, indicating that all
deaths occurred during the earlier period. Closfiiaterventricular foramen began on GD 16 in
control fetuses. In treated fetuses, closure wésydd and, the percentage of closure was well
below the control value, with the foramen close8&7n7% of treated fetuses by GD 20 compared
to 95.2% in controls. Serum protein concentrati@s weduced on GD 15 and 16 in treated litter,
with recovery by GD 17.

These data suggest that the enlarged heart, oededthanaemia preceding the occurrence of
fetal mortality may be instrumental in the causelefth. Similarly, the occurrence of enlarged

heart preceding the failure of the interventricidixrsure would be related to the pathogenesis of
this finding.

Rat teratology study with S-23121 (PPT-00-0023)

S-23121(a chemically related herbicide similar lamiioxazin) was administered orallyjia
gavage to groups of pregnant female rats at coratents of 0, 1, 3, 10 and 20 mg/kg/day from
GD 6 to 15. Dams were culled on GD 20 and fetuserewemoved by caesarean section and
examined.

Maternal signs of toxicity were limited to high @ogroup dams, and included dark reddish
material around the vagina. Necropsy data confirdee#f reddish material in vagina and uterus.
These findings were considered to be related todéeghs of the litters. Decreases in body
weight and body weight gain at term were limite@iago high dose group animals; whilst not
reaching statistical significance these decrease due to reductions in gravid uterine weight
which was considered to be attributable to thehdeat the litter and the decrease in fetal body
weight.

High incidence of mortality of embryos and decreakéetal body weights were limited to the
high dose groups. There however was no treatmelatede effects on the number of
implantations or sex ratio.
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External abnormalities found were considered nobéotreatment-related. The incidence of
foetuses with cardiovascular abnormalities, prilgaiSDs were increased in the 20 mg/kg/d
group (p <0.01). Test material related increaseany ribs (minor anomaly) was observed, this
however did not reach statistical significance. tTemterial related decreases in ossified
sacrococcygeal vertebral bodies were also obseWedst a reduction in the number of ossified
sacrococcygeal vertebral bodies was observedwidisconsidered to be related to the decreased
fetal body weights.

Based on the result of this study, the NOAEL fovelepmental toxicity was considered to be
10 mg/kg/d, based on increased incidence of car¥fi@D, growth retardation and embryo
lethality. No signs of maternal toxicity were obsgsd, therefore the maternal NOAEL for
considered to be greater than 20 mg/kg/d.

Rabbit teratology study with S-23121 (PPT-01-0020)

S-23121 was administered orallyia gavage to groups of pregnant female rabbits at
concentrations of 0, 2, 4, 8 or 15 mg/kg/day frastgtion day 7 to 19. Dams were culled on GD
29 and foetuses were removed by caesarean senticexamined.

Maternal signs of toxicity included adverse clinisgns of toxicity, decreases in maternal body
weight and body weight gains and feed consumptalnes during the dosage period in the 4
mg/kg dose group and higher. The 15 mg/kg dosagecalused the death of one dam.

No significant difference in pre or post implantati loss or early / late resorptions were
observed. No test material related fetal change® wéserved, with external / visceral and
skeletal malformations / variations in test maletraated animals being comparable to the
concurrent control.

Based on the result of this study, the NOAEL fovalepmental toxicity was considered to be
greater than 15 mg/kg/d (the highest dose tesidd).maternal NOAEL was considered to be
2 mg/kg/d based on clinical signs, reductions irtameal body weight and body weight gains
and relative and absolute food consumption.

Rat teratology study with S-23031 (SAT-11-0024)

S-23031 (a chemically similar herbicide to flumiakg was administered orallia gavage to
groups of pregnant female rats at concentration®,060, 500 and 1500 mg/kg/day from
gestation day 6 to 15. Dams were culled on GD 20 fetuses were removed by caesarean
section and examined.

No maternal signs of toxicity were observed, witlod consumption, body weights or clinical
signs of toxicity in treated animals being comp#db the concurrent control group.

No significant difference in pre or post implantati loss or early / late resorptions were
observed. No test material related fetal change® wéserved, with external / visceral and
skeletal malformations / variations in test maletiaated animals being comparable to the
concurrent control.

Based on the result of this study, the NOAEL fothbdevelopmental and maternal toxicity was
considered to be greater than 1500 mg/kg/d (thedsigdose tests) based on no signs of maternal
or developmental toxicity observed.
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Rabbit teratology study with S-23031 (SAT-11-0025)

S-23031 was administered orallyia gavage to groups of pregnant female rabbits at
concentrations of 0, 100, 200, 400 and 800 mg/kgfdam gestation day 7 to 19. Dams were
culled on GD 29 and foetuses were removed by ceasaection and examined.

Four dams in the high dose group were found desidgithe study, with a'5animal from this
group aborting (which was subsequently sacrific&lnical signs of toxicity recorded during
the study were not indicative of a treatment relagffect. Whilst not reaching statistical
significance (due to high variability), body weigluss in the high dose group was notably
greater than the control and was considered toda¢nient related with high dose group animals
not gaining weight during the dosing period. Meaaug body weight gain for these animals
was17% lower than the control for the period of G 29.

No significant difference in pre or post implantati loss or early / late resorptions were
observed. No test material related fetal change® wéserved, with external / visceral and
skeletal malformations / variations in test maletraated animals being comparable to the
concurrent control.

Based on the result of this study, the NOAEL fovalepmental toxicity was considered to be
greater than 800 mg/kg/d (the highest dose testdd).maternal NOAEL was considered to be

400 mg/kg/d based on reductions in maternal bodghwegains and maternal mortality.

4.12.4 PPO AND PPIX MECHANISTIC STUDIES

TABLE 33: OVERVIEW OF PPO AND PPIX MECHANISTIC STUD IES CONDUCTED ON FLUMIOXAZIN
AND ITS METABOLITES

Method Results Remark$ Reference
rat / rabbit (SD / JW) PPIX PPIX accumulated in rat embryos up to 12 h(2 (reliable with |Kawamura
accumulation in maternal liver |post dosing, reaching 200-fold greater than threstrictions) (1996a)
and embryos post single control values. Icontrast PPIX levels in rabbiyey study SBT-0061
administration (up to remained very low throughout the post dosin% itv: 948 and
4 females/gp) period. unity: 94.6%
oral: gavage The species difference in PPIX accumulation in é%vgggura
rat / rabbit: 1000 mg/kg embryos correlates with that of the
_. evelopmental toxicity produced by SBT-30-0042
(exposure: single dose on GD 1 : )
mioxazin.
EPA OPP 83-3;non-GLP
Rat (SD) PPIX accumulation in |PPIX accumulated in both whole embryos and (reliable with |Kawamura
maternal liver and embryos postmaternal livers following administration of  |restrictions) (1996h)
single administration (up to flumioxazin and S-23121. The extent of key study SBT-0062
5 females/gp) accumulation in embryos was greater than tk ﬁt ioxazin and
oral: gavage observed in maternal livers, with the increase B'lniqt . 94.8%
rat: 1000 ma/k PPIX in the embryos up to 290-fold greater A 2% Kawamura
' 9’9 the control value. For S-23031, PPIX S-23031 (1993d)

(exposure: single dose on GD 12kcumulation was not observed in either rat |Purity: not SBT-30-0042
EPA OPP 83-3;non-GLP embryo or maternal liver samples. stated

S-23212

purity: not

stated
rat / rabbit (SD / JW) PPIX PPIX accumulated in whole embryos of rats,|2 (reliable with |Kawamura
accumulation in maternal liver |peaking on GD 11 to 12. Accumulation of PRI¥strictions) (1996¢)
and embryos (up to 5 females/gpjas not observed in maternal rat or rabbit liVgksy study SBT-0063

or in rabbit embryos.
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Method Results Remark$ Reference
oral: gavage purity: 94.8% and
rat / rabbit: 400 / 1000 mg/kg Kawamura
(exposure: single dose on GD 10 - (1993e)
15) SBT-30-0042
EPA OPP 83-3;non-GLP
Inhibition of PPO by flumioxazinThe IG, values for flumioxazin after a 20 min2 (reliable with |Green &
in rat, human and rabbit liver |incubation period for the inhibition of PPO |restrictions) Dabbs (1996)
activity in liver from rats, rabbits and humansyey study SBT-0060
were 0.00715 + 0.0021 pM; 0.138 £ 0.0739 pM itv: 94.8¢
and 0.0173 + 0.0044 uM, respectively. The [PUMty: 94.67
relative sensitivity of the species to PPO
inhibition by flumioxazin was rat > human >
rabbit.
SB herbicides on PPO activity inAll three SB series herbicides inhibited 2 (reliable with  |Noda (1995)
rat and rabbit liver mitochondrig mammalian PPO activity. The IC50 values fgrestrictions) SBT-0058
S-53482, S-23121 & S-23031 were respectively; study
23, 36 and 2230 nM for rats and 300, 690 ar 53482 purity:
12500nM for rabbits. The relative sensitivity 4 oy purity:
the species to PPO inhibition by SB series 70 )
herbicides was rat > rabbit. S-23121 purity:
94.7%
S-23031 purity:
94.7%
PPO activity in rat and rabbit |Adult liver and embryo mitochondria showed 2 (reliable with |Green &
tissue similar sensitivity to PPO inhibition by the testestrictions) Dabbs (1993)
compounds, S-53482, S-23121 and S- key study SBT-31-0045
23031,with the rabbit enzyme results showin% 53482 purity:
less sensitivity to inhibition by the test 94 80/ purity:
compounds than the rat enzyme. 70 )
The relative potency for inhibition was 3212;’(;21 purity:
flumioxazin (S-53482) > S-23121 > S-23031/° 1 7°
S-23031 purity:
94.7%

1. Studies evaluated according

the criteria sebgidlimischet al (1997)

Study examining the effects of flumioxazin on PPIXaccumulation in rat and rabbit
embryos (SBT-0061 and SBT-30-0042)

Day 12 of gestation was selected as the day of radiration for both species on the basis of
data showing that rats were the most sensitiviutoibxazin on day 12 and that rabbit embryos
on day 12 were similar to rat embryos in respethéodevelopmental stage.

Flumioxazin was administered as a single ana,gavage dose to group of both rats and rabbits
on day 12 of gestation only. The dose administépeloth species was 1000 mg/kg, based on
previous developmental work where the NOAEL forsratas 30 mg/kg and for rabbits the
NOAEL was in excess of 3000 mg/kg, in the presaiacaaternal toxicity.

Rats were sacrificed 2, 6, 12, 18 and 24 h anditsallere sacrificed 2, 6, 12, 24 and 48 h post
administration. Control values were obtained frontreated animals sacrificed at time point 0.
Where possible, 3 embryos/litter were pooled antXRfas extracted and analysed by HPLC
with a fluorescence spectrophotometer. A samplmaternal liver was dissected out and PPIX
extracted and measured.
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Both rat and rabbit embryos in the developmentadestgrew rapidly as shown by a marked
increase in wet weight. There was a remarkableispadifference in PPIX accumulation in

embryos. PPIX accumulation was obvious in rat embrwithin 2 h of post dosing of

flumioxazin. The concentration of PPIX in rat emisycontinued to increase over time and
reached a peak 12 h post treatment. Thereafte@otieentration of PPIX decreased rapidly.

In contrast to the rat, PPIX level in rabbit emlmyeere low, remaining at a fairly constant level
in rabbit embryos throughout treatment.

TABLE 34: SELECTED PPIX CONCENTRATION IN RAT AND RA BBIT EMBRYOS AND RAT AND
MATERNAL LIVER SAMPLES

Parameter Time after administration (h)
0 2 6 12 18 24 48
RAT
PPIX/embryo 430 80.91+ | 373.15+| 84256 +| 312.97 +| 181.63 = -
(ng £ sd) 1.01 11.06 76.10 71.74 174.09 125.60
PPIX conc. 0.147+ | 2.831+ | 10.806 | 19.080+| 5.061 % 2.739 -
(no/g tissue * sd) 0.038 0.236 0.906 1.583 2.321 +1.852
PPIX/maternal liver samplg 38.70+ | 401.70+| 528.83+| 470.93+| 117.85+ | 140.93 + -
(ng £ sd) 6.81 43.04 74.76 64.82 10.68 83.24
PPIX conc. 0.111+ | 1.078+ | 1.383+ [ 1259+ | 0.359+ | 0.358 -
(ug/g tissue * sd) 0.013 0.168 0.198 0.179 0.064 0.211
RABBIT
PPIX/embryo Not 547 593+ 8.26 £ - 7.87 Not
(ng + sd) detected 0.00° 2.95 detected
PPIX conc. Not 0.092 0.104+ | 0.110% - 0.06F Not
(1g/g tissue + sd) detected 0.027 0.031 detected
PPIX/maternal liver samplg 21.07+ | 50.40+ | 39.70+ | 80.80 % - 5765+ | 28.73
(ng £ sd) 1.89 10.61 14.66 7.35 44.19 4.14
PPIX conc. 0.054+ | 0.183+ | 0.114+ | 0.223 - 0.160+ | 0.079
(ug/g tissue * sd) 0.004 0.092 0.029 0.022 0.102 0.016

a value of 1 sample. PPIX not detected in othetqgubsample
b mean value of 2 samples
sd standard deviation

A similar pattern was observed in PPIX accumulaiiormaternal liver of rats, with levels of
PPIX peaking at 6 h post treatment, however thel¢eaf PPIX in the liver peaked at ~14 fold
greater than the control, these levels were ~1dl lEds than the peak accumulation observed in
the rat embryo. There was no accumulation of PRIXe maternal livers of rabbits.

In conclusion, the species difference in PPIX aadation in embryos correlates with that of the
developmental toxicity produced by flumioxazin.

Study examining flumioxazin and other N-phenylimideherbicides on PPIX accumulation
in rat embryos (SBT-0062 and SBT-30-0042)

Day 12 of gestation was selected as the day of radtration on the basis of data showing that
rats were the most sensitive to flumioxazin on tlay Flumioxazin, and 2 other N-phenylimide
herbicides, S-23121 and S-23031 were administerally ovia gavage on GD 12 at a dose of
1000 mg/kg.
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Rats were sacrificed 14 h post dosing and 3 embityes were removed from the uterus and
pooled by litter. PPIX was extracted from embryolg@and PPIX was extracted and analysed by
HPLC with a fluorescence spectrophotometer. A sarpimaternal liver was dissected out and
PPIX extracted and measured.

No treatment related accumulation of PPIX was alesem rat embryos exposed to 1000 mg/kg
S-23031, a chemical which has shown no developrhentizity in rats. The PPIX content/g of
tissue in rat embryos treated with S-23031 was 8udlg, which was similar to the control
value (0.095ug/g). In contrast, treatment with 1000 mg/kg oheit S-23121 or flumioxazin,
which have both produced the same pattern of dpuedatal toxicity in rats, resulted in large
increases in PPIX accumulation in treated embrig@3X concentration in embryos treated with
S-23121 and flumioxazin was 25.85 and 2768, respectively. These values were ~270 and
~290 times greater than the control value, respelgti

Maternal liver PPIX levels for both S-23121 andhfioxazin were comparable and were in the
region of 3.6 and 2.9-fold greater than the contedpectively. For S-23031 the extent of PPIX
accumulation in the liver was comparable to thetrmbvalue.

TABLE 35: PPIX CONCENTRATION IN RAT EMBRYOS AND MAT ERNAL LIVER SAMPLES

(0.5% MC) (1000 mg/kg) (1000 mg/kg) (1000 mg/kg)
PPIX/embryo 5.60 +1.38 6.33+1.63 1656.76 + 307.52 1667.31374
(ng + sd)
PPIX conc 0.095 £+ 0.030 0.118 £ 0.030 25.850 £ 2.735 27.63%894
(ng/g tissue * sd)
PPIX/maternal liver samplg  74.75 + 23.76 99.68 + 22.71 212.20 +£99.31 169.42 .83
(ng £ sd)
PPIX conc. 0.236 £ 0.067 0.379 £ 0.068 0.857 £ 0.418 0.6791069
(1g/g tissue + sd)

1. MC - methyl cellulose
sd standard deviation

In conclusion, treatment of pregnant rats with 323 or flumioxazin, two structurally related
chemicals which produce developmental effects ig, r@sulted in the accumulation of PPIX in
both the whole embryos and maternal livers. Therexdf accumulation in embryos was greater
than that observed in maternal livers, with theease of PPIX in the embryos up to 290-fold
greater than the control value. For S-23031, amaitnecturally related chemical, which does not
produce developmental toxicity in rats, PPIX acclation was not observed in either rat
embryo or maternal liver samples.

Study examining the effects of flumioxazin on PPIXaccumulation in rat and rabbit
embryos (SBT-0063 and SBT-30-0042)

Flumioxazin was administered as a single oral dasegavage to groups of both rats and rabbits
to investigate the correlation of PPIX accumulatiaith the critical period of embryonic
sensitivity in the rat. The dose administered tts rand rabbits was 400 and 1000 mg/kg,
respectively from gestation day 10 to 15.

Animals were sacrificed 14 h post final adminisgat Control values were obtained from
untreated animals sacrificed at time point 0. Whaossible, 3 embryos/litter were pooled and
PPIX was extracted and analysed by HPLC with arfiscence spectrophotometer. A sample of
maternal liver was dissected out and PPIX extraatedmeasured.
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PPIX concentrations in treated rat embryos wereentban 10 times higher than controls on
treatment days 10 through to 15 of gestations. ReRUmulation peaked on gestational days 11
to 12. The critical period for induction of PPIXcagnulation determined in the current study
corresponds well with the critical period for intioa of developmental toxicity in the rat
embryo. This would imply that the PPO inhibitiondaiie resulting PPIX accumulation may be
functionally related to the developmental toxigtypduced by flumioxazin

TABLE 36: PPIX CONCENTRATION IN RAT EMBRYOS AND MAT ERNAL LIVER SAMPLES

Parameter Gestation day of administration
10 11 12 13 14 15
RAT
S-53482 PPIX conc. 3.335+% 10.214+ | 8.701# 0.610 0.684 + 1.853 +
(400 mg/kg) Jembryo 1.204 7.007 5.837 0.249 0.497 1.229
(ng/g tissue + sd)
PPIX conc. 0.245 0.364 + 0.359 0.220 £ 0.287 £ 0.275 %
/maternal liver 0.072 0.246 0.090 0.048 0.051 0.034
(ng/g tissue + sd)
RABBIT
S-53482 PPIX conc. Not 0.060a Not 0.047a 0.045a 0.077
(1000 mg/kg) lembryo detected detected 0.019
(ng/g tissue * sd)
PPIX conc. 0.080 0.256 + 0.175a+ | 0.137 0.121b + | 0.109a +
/maternal liver 0.028 0.166 0.089 0.040 0.027 0.057

(ng/g tissue * sd)
a mean value of three pools. PPIX was not detentether pool
b mean value of two pools. PPIX was not detectaathier pool
sd standard deviation

PPIX accumulation was not observed at any develofahstage in the rabbit. The rabbit has
been shown in previous studies to be resistanhyodavelopmental toxicity from flumioxazin.
The lack of accumulation of PPIX in the rabbit het supports the relationship between PPO
inhibition, PPIX accumulation and developmentali¢dy of flumioxazin in the rat.

Accumulation of PPIX was not observed in materadlar rabbit liver at the doses used in this
study.

Study examining the inhibition of PPO by flumioxazn in vitro (SBT-0060)

The objective of the study was to determine thatred extent of inhibition of PPO activity by
flumioxazin in adult liver mitochondria preparearin rat, rabbit and human tissues.

PPO was measured in viable and metabolically activechondria prepared from rat, rabbit and
adult female human livers. For human liver mitodiraa, the time course of reaction, the
mitochondrial protein concentration, and the swtseticoncentration effects were determined.
The Michaelis constant jKand \ax Of the reaction was determined per human livgr vElues
were 0.328 + 0.301 uM and then¥ values were 111 + 88.9 pmol/min-1/mg protein. The
inhibition of PPO activity was measured at a ranfj@lumioxazin test concentrations of 4,0
10°, 10°, 107, 10® and 10°M.

The 1G5 values for flumioxazin after a 20 min incubatioaripd for the inhibition of PPO
activity in liver from rats, rabbits and humans €.00715 = 0.0021 uM; 0.138 + 0.0739 uM
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and 0.0173 = 0.0044 uM, respectively. The relasgasitivity of the species to PPO inhibition
by flumioxazin was rat > human > rabbit.

Study examining SB herbicides on PPO activity in nwchondria derived from rat and
rabbit liver (SBT-0058)

The objective of the study was to determine theatinet extent of inhibition of
protoporphyrinogen oxidase activity by three SBiesererbicides (S-53482 (flumioxazin),
S-23121 & S-23031) in adult liver mitochondria paegd from rat and rabbit tissues.

PPO was measured in viable and metabolically activechondria prepared from rat and rabbit
female livers. The inhibition of PPO activity wasasured at a range of test concentrations of
10" to10™M.

All three SB series herbicides inhibited mammalO activity. The Ig values for S-53482,
S-23121 & S-23031 were respectively 23, 36 and 2@\3Gor rats and 300, 690 and 12500 nM
for rabbits. The relative sensitivity of the spacie PPO inhibition by SB series herbicides was
rat > rabbit.

Study examining SB herbicides on PPO activity in reand rabbit tissue (SBT-31-0045)

The objective of the study was to determine thatined extent of inhibition of interspecies and
tissue differences in protoporphyrinogen oxidasévig and its inhibition by three test
materials, S-53482, S-23121 and S-23031, in ankelt &and embryo mitochondria prepared from
rat and rabbit tissues.

PPO was measured in viable and metabolically actitechondria prepared from rat and rabbit
livers and embryos on gestational days of 12 andTh® time-course PPO activity reached
steady-state after 20 min in the rat. In contragibit liver PPO activity reached steady-state at
40 min. The time course of PPO activity was foundbe linear in embryo tissues of both
gestational ages and both species for at leastid0Tihe Michaelis constantKand Vnax Of the
reaction was determined at a single time point wdilx different concentrations of
protoporphyrinogen ((5, 10, 25, 50, 75, 100 pmbhe K, values ranged from 1 — 5 uM, except
for rat and rabbit 15-day embryos where thg\alues were higher (8.2 + 1.0 and 12.3 + 0.46
UM for the rat and rabbit, respectively).

The inhibition of PPO activity was measured agaithe& three test materials at final test
concentrations of: S-53482 and S-23121°,10°, 107, 10°, 10°and 10"°M. For S-23031: 16,
10°, 10°, 107, 10%nd 10°M.

Adult liver and embryo mitochondria showed simitansitivity to PPO inhibition by the test
compounds, suggesting that adult liver mitochonddald serve as a source of PPO in future
experiments and eliminating the requirement for gmihic tissue. The rabbit was less sensitive
to inhibition by the test compounds than the rabe Trelative potency for inhibition was
flumioxazin (S-53482) > S-23121 > S-23031.

4.12.5 SUMMARY AND DISCUSSION OF MECHANISTIC WORK

Summaries and evaluations of the mechanistic relsear flumioxazin are presented in Annexes
1 and 2 to this report. Annex 1 (SBT-0122) is famugprimarily on discussing the human
relevance of the mode of action for teratogenieatf in the rat based on new data generated
since the publication of flumioxazin in the 28th RDf the DSD. Annex 2 (SBT-0067) presents
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the evidence for the proposed mode of action inrdéihdased on studies conducted prior to the
publication in the 28th ATP of the DSD.

An overall summary of the mode of action and reteeato humans for the teratogenic effects in
the rat is presented below.

Flumioxazin caused embryolethality, teratogenigityainly VSD and wavy ribs), and growth
retardation in rats at 30 mg/kg without maternalidiby but not in rabbits at the maternal
toxicity level of 3000 mg/kg.

There is convincing evidence for a single modeabiba causing the developmental toxicities in
the rat. The sequence of key biological eventshie proposed mode of action has been
elucidated. Inhibition of PPO interferes with nofrhaem synthesis, which causes loss of fetal
blood cells due to the targeted destruction of mwaguerythroblasts in the yolk sac. The
maturation of erythroblasts in the yolk sac is acéyonised event, therefore catastrophic loss of
this cell population leads to fetal anaemia, emletyality and development of malformations
(VSD and wavy ribs). The critical period for sensiy to the developmental effects of
flumioxazin is day 12 of gestation and this cortesawith the peak period of PPIX accumulation
in the rat fetus resulting from the inhibition dP®. The VSD caused by flumioxazin appears to
result from inhibition of haem biosynthesis ratlilean from direct injury to embryonic heart
tissue. Enlargement of the heart is a compensasastion to the fetal anaemia resulting from
increased heart stroke volume observed in survifetgses. Enlargement of the heart precedes
interventricular foramen closure. Therefore, theDMS due to failure of heart closure resulting
from mechanical distortion of the heart and/or abrad blood flow rather than from direct toxic
effects of flumioxazin on cardiac muscle tissueadidition, decreased serum protein is observed
in the fetus, presumably due to reduced produdtiothe liver in response to hypoxia. The
resulting osmotic imbalance causes oedema. Redudio fetal serum protein leads to
incomplete/delayed ossification of the ribs and Wevy ribs seen at term. The sensitivity to
inhibition of PPO extracted from adult female lives comparable with that of the fetus and
there does not appear that there is a significdfegrence in sensitivity to the development of
anaemia between adult and fetal rats.

An evaluation of other potential modes of actiomif@x 1) revealed no compelling evidence for
any other mode of action for the developmentaldibxiof flumioxazin in the rat.

Studies in the rabbit (where clear evidence of maletoxicity was observed) revealed no
significant inhibition of PPO by flumioxazin andetle was no evidence of fetal anaemia,
accumulation of PPIX or developmental toxicity imetrabbit fetus, even though there was
evidence of placental transfer of flumioxazin atsdnetabolites.

Rats are patrticularly sensitive to the effects BOHRNnhibition induced by flumioxazin in
erythroblasts. This leads to anaemia that is &afiprecursor of the developmental toxicity
resulting from flumioxazin exposure. The systemosetresponse for this key event has proved to
be very steep: half-dose has been without anyteffec

In contrast, humans are unlikely to develop anadmim PPO inhibition. This conclusion is based
on:

1. clinical findings that PPO deficient patientsttwhNariegate Porphyria show no signs of
anaemia,

2. experimental evidence that flumioxazin and itetabolites do not reduce heme production
in K562 cells, which are derived from human erytbuéemia, and
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3. that humans are less sensitive to PPO inhibitian rats.

Pharmacokinetic modelling in the rat and the hupradicts that human erythroblasts would be
insusceptible to flumioxazin at an exposure egeinbto a maternal dose exceeding

1000 mg/kg/day, thus demonstrating the large spelifeerence in sensitivity. As a result of the
decrease in absorption rate with oral dose, theesys daily dose cannot exceed value of
approximately 100 mg/kg bw.

In addition, a recent medical surveillance repashducted on manufacturing plant personnel
(Nishioka, 2011 SBT-0116) revealed no evidence atnmatotoxicity, or other adverse health
effects in workers (n=15) who have been involvedh@ manufacture of flumioxazin for the last

decade. This is considered to demonstrate notedfégtive uses of personal protective equipment,
but also the intrinsic low toxicity of flumioxazin.

Overall, it is concluded that the rat is an inampiate model for assessing the developmental
toxicity of flumioxazin in humans because, unlikentans, they are highly sensitive to PPO
inhibition, resulting in fetal anaemia and consetyuievelopmental toxicity. There is considered
to be no plausible scenario whereby humans woulat lbsk of developmental toxicity given the
species differences in susceptibility to flumioxaand potential for anaemia.

4.12.6 ASSESSMENT AGAINST CLP CRITERIA FOR CLASSIFICATION OF A
SUBSTANCE FOR REPRODUCTIVE TOXICITY

The implications of the developmental findings #sr exposed to flumioxazin for hazard
classification are evaluated using the criteri&Refjulation 1272/2008 and the ECHA Guidance
on the Application of the CLP Criteria in RegulatiEC) No. 1272/2008 (ECHA, 2011).

Classification of a substance as a reproductivécamt to humans (Category 1A — known,
Category 1B — presumed, or Category 2 — suspeiddijsed on a weight of evidence approach
and expert judgment. Reproductive toxicity is sulotid under 2 main headings:

*Adverse effects on sexual function and fertility

*Adverse effects on development of the offspring

Consideration is also given to effects on lactation

In the case of flumioxazin the relevant effectsa@n development of the offspring.

The guidance considers whether maternal toxicityy nafluence classification but the
developmental toxicity associated with flumioxamras observed in the absence of gross signs
of maternal toxicity even though there was liketylde an underlying anaemia in the dams.
Given the specificity of the cardiac malformationsis considered unlikely that secondary
consequences of maternal anaemia on the develdping would have been responsible.
Although fetal growth retardation, reduced osstfma and wavy ribs may be associated with
overt maternal toxicity this does not seem to leedase with flumioxazin. Therefore, maternal
toxicity is considered not to be a confounding dacin determining the classification of
flumioxazin.

The guidance also considers whether there is metltamformation needs to be evaluated in
deciding the classification for reproductive tokyci The extensive mechanistic research on
flumioxazin has clearly demonstrated that:

1. there is convincing evidence for a single modeaction causing the developmental
toxicities in the rat, and
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2. humans are unlikely to develop anaemia from RRWtbition and thus would not be
susceptible to the mode of action causing developah&oxicity in the rat.

The criteria for Categories 1B and 2 are as foltows
Category 1B
“Presumed human reproductive toxicant

The classification of a substance in Category 1kigely based on data from animal studies.
Such data shall provide clear evidence of an adveffect on sexual function and fertility or on
development in the absence of other toxic effeas if occurring with other toxic effects the
adverse effect on reproduction is considered nditet@ secondary non-specific consequence of
other toxic effectsHowever, when there is mechanistic information tharaises doubt about

the relevance of the effect for humans, classifican in Category 2 may be more
appropriate.”

Category 2
“Suspected human reproductive toxicant

Substances are classified in Category 2 for remtogri toxicity when there is some evidence
from humans or experimental animals, possibly sempphted with other information, of an
adverse effect on sexual function and fertilitypordevelopment, and where the evidence is not
sufficiently convincing to place the substance atggory 1. If deficiencies in the study make the
guality of evidence less convincing, Category 2ldde the more appropriate classification.

Such effects shall have been observed in the absehother toxic effects, or if occurring
together with other toxic effects the adverse éff@m reproduction is considered ot to be a
secondary non-specific consequence of other tdfects.”

It is concluded that the mechanism of developmdntatity via severe anaemia observed in rats
is not relevant for human health hazard predictn.this basis flumioxazin could be assigned
Category 2 taking account of the statement in Botdcategory 1B. However, according to
Regulation 1272/2008 (3.7.2.5.5): “. . . if it che conclusively demonstrated that the clearly
identified mechanism or mode of action has no @atee for humans or when the toxicokinetic
differences are so marked that it is certain thathazardous property will not be expressed in
humans then a substance which produces an adviéest @n reproduction in experimental
animals shall not be classified.”

The weight of evidence presented in the CLH rederhonstrates conclusively that flumioxazin
would not present hazard to humans based on thkedhatifferences in species sensitivity.
Therefore, it should not be classified for develepal toxicity.

The weight of evidence approach followed the pples of an established human relevance
framework (HRF) for non-cancer endpoints prepangthk International Programme on
Chemical Safety (Boobis et al, 2008). The publaratiescribes a structured weight of evidence
approach to assessing the human relevance of alqgest MOA in animals. Whilst the HRF is
primarily aimed at chemical risk assessment itjigsadly applicable to hazard classification
where the human relevance of a MOA in animals meguvaluation. The analogous cancer
HRF is cited in the ECHA guidance (2011) for thassification of carcinogens (page 299 8
3.6.2.3.).
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The non cancer HRF requires 3 fundamental questoohe addressed in order to reach a
conclusion on the human relevance of toxicologatgdcts observed in animals:

1. Is the weight of evidence sufficient to estdbbsmode of action (MOA) in animals?

2. Can human relevance of the MOA be reasonablipéd&d on the basis of fundamental,
gualitative differences in key events between @rpemtal animals and humans?

3. Can human relevance of the MOA be reasonablié&d on the basis of quantitative
differences in either kinetic or dynamic factorsvizen experimental animals and humans?

In the case of flumioxazin the answer to question yies. The weight of evidence is sufficient
to establish the MOA for developmental toxicitytie rat. The answer to question 2 is no, it
cannot be concluded that there is a fundamentditainze species difference. The answer to
guestion 3 is yes based on the evidence for a malifierence in sensitivity between rats and
humans attributed to quantitative dynamic and kingitferences. Although Boobis et al
(2008) note that dismissing human relevance baseplantitative differences is likely to be
infrequent, they go on to mention that this is aehble where human exposure could not
possibly be envisaged to reach the levels thatdvprdduce the toxicological effect. The
pharmacokinetic modelling presented in the CLH redemonstrates that there is no plausible
scenario whereby human exposure to flumioxazindoalse the developmental toxicity
ascribed to the MOA in the rat.

Another publication by Lavelle et al (2012) endsrdee HRF prepared by the IPCS. Lavelle et
al present an algorithm for categorising the rabeeaof animal data for use in human risk
assessment (Figure 1 in the paper). It incorportiesprinciples of the HRF and the relevant
aspects of the algorithm are shown below:

Is the MOA established in animals?
»>No. Assume relevant to man
> Yes, see below

Are the key events plausible in man?
»No. Not relevant to man
»Yes, see below

Taking into account kinetic and dynamic factorthis animal MOA plausible in man?
»No. Not relevant to man
»>Yes, directly. Relevant to man
»>Yes, with a sensitivity difference. Relevant to man
»Maybe. Assume relevant to man

The elements in bold are applicable to flumioxaanm support the conclusions presented
above.

4.12.7 CONCLUSIONS ON CLASSIFICATION

There is a convincing weight of evidence to conelddat flumioxazin would not present a
reproductive hazard to humans and should not ssifiled for reproductive toxicity based on
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the criteria for classification in Regulation EC7222008. Therefore, removal of the current
reproductive toxicity classification (Repr. 1B HIBOis warranted.

RAC evaluation of reproductive toxicity

Summary of the Dossier submitter’s proposal

The substance has a harmonised classification for reproductive toxicity in category 1B based
on teratology studies (consistent with guideline EPA OPP 83-3) in SD rats (oral and dermal)
and it is not contested in the dossier, that these results are severe enough to warrant
classification. Since the time the current classification was decided, new data have been
generated leading the DS to suggest the removal of the classification as toxic to reproduction.
The new data consisted of a negative teratology study in NZW rabbits (guideline EPA OPP 83-
3) and a large set of mechanistic data. The DS argued that the effects seen in rats are not
relevant for humans.

The principal argument does not question that flumioxazin causes significant developmental
toxicity/teratogenicity in rats but rather that there is a clear species difference with respect to
susceptibility to the specific mechanism, with rats more sensitive than humans which are in
turn more sensitive than rabbits.

The database contains the following;

1.The original guideline data set consisting of a 2-generation study in rats, oral and
dermal developmental toxicity studies in rats and a developmental toxicity study in
rabbits.

2.The original data set of mechanistic studies with flumioxazin:
-Haematotoxicity of flumioxazin
-Placental transfer
-Critical period of embryonic sensitivity
-Histopathological study of early stages of development in rat and rabbits foetuses
following exposure to flumioxazin
-Pathogenesis of developmental effects of flumioxazin
-Studies of PPO inhibition/PPIX accumulation in embryos
-Species differences in PPIX accumulation
-Critical period for PPIX accumulation in rat and rabbit embryos

3.Recent mechanistic studies
-Pharmacokinetics rat/rabbit
-Chronological changes of morphology and population of circulating erythroblasts in rat
embryos during yolk sac haematopoiesis.
-Inhibition of PPO activity by flumioxazin and its major metabolites, 3-OH S-53482, 4-
OH S-53482 and APF in rat liver mitochondria.
- Species differences in PPIX accumulation induced by flumioxazin in cryopreserved
hepatocytes among rat, rabbit, monkey and human.
- Effects of flumioxazin and metabolites of flumioxazin on haem synthesis pathway and
cell proliferation in K562 cells.
-Physiologically based pharmacokinetic (PBPK) modelling of flumioxazin in rats and
humans and in silico.

Summary of guideline Developmental toxicity studies.

Flumioxazin induced embryolethality and teratogenicity in the rat following dosing via both the
oral (at 30 mg/kg bw/day) and dermal (at 300 mg/kg bw/day) routes. Abnormalities mainly
consisted of cardiac ventral septal defect (VSD). In addition, there was an increase in the
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incidence of wavy ribs and reduced ossification of sacrococcygeal vertebral bodies
Furthermore, foetal growth retardation was also observed in both studies. This observation
was supported by the occurrence of reduced litter size (embryofoetal lethality) and reduced
pup weight seen in the 2-generation study. These effects were observed in the rat at
relatively low levels and in the absence of maternal toxicity. In contrast, flumioxazin showed
no evidence of developmental toxicity in the rabbit even in the presence of maternal toxicity.
The maximum dose administered in the rabbit study was 100-fold greater (3000 mg/kg/d)
than the maximum dose administered in the rat oral developmental study.

In addition, developmental toxicity studies were conducted with two closely related structural
analogues of flumioxazin. S-23031 was shown to be negative for developmental toxicity in
both the rat and rabbit. S-23121 was shown to cause increased incidence of cardiac VSD,
growth retardation and embryo lethality in the absence of signs of maternal toxicity in the rat,
and had no adverse effect on development up to doses causing maternal toxicity in the rabbit.

Proposed mechanism of action.

Flumioxazin is a herbicide which disrupts photosynthesis probably by inhibition of PPO and
auto-oxidation of protoporphyrinogen IX (PPPIX) to protoporphyrin IX (PPIX). Porphyrin
biosynthesis is common to plants and animals, as part of chlorophyll and as part of the
penultimate enzyme in haem synthesis, respectively. The mode of action of flumioxazin and N-
phenylimide herbicides is presented in Figure 1.

The mechanism by which developmental toxicity is produced by flumioxazin is presented in
Figure 2 and is postulated as follows: flumioxazin inhibits a key enzyme, (PPO) in rats,
interfering with normal haem synthesis in the mitochondria. Inhibition of PPO leads to an
accumulation of its substrate, PPPIX in the mitochondrion. The accumulated PPPIX leaves the
mitochondrion and undergoes non-enzymatic oxidation to PPIX in the plasma. The resulting
PPIX is out of reach of the final enzyme in haem synthesis (ferrochelatase) and cannot be
transferred to haem, resulting in anaemia. The foetal anaemia leads to hypoxia in foetal
tissues followed by suppressed liver function and a decrease in protein synthesis. This
decreased protein synthesis would result in wavy ribs and changes in osmotic forces are
thought to be responsible for the oedema observed in the foetus. Concurrently, the foetus may
compensate for the anaemia by pumping a greater volume of blood leading to the observed
enlargement of the heart just prior to closure of the interventricular foramen, thus resulting in
the delayed closure of the foramen and VSD. Thus, the VSD observed in teratology studies is
considered to be produced by mechanical distortion of the heart. The two other signs of
developmental toxicity reported (growth retardation and foetal death) are also considered
related to the hypoxia produced by the anaemic condition in the foetus.

Figure 1 Mode of action of N-phenylimide herbicides
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Figure 2. Proposed mechanism of developmental toxicity induced by flumioxazin

The mechanism described in Figure 2 is based on a series of studies designed to elucidate the
basis for the observed difference in developmental toxicity produced by flumioxazin in rats but
not in rabbits. The studies described below were evaluated during the previous review of
flumioxazin for Annex 1 inclusion (91/414/EC) and were summarized in the DAR.

The original data set of mechanistic studies.

Method ‘ Results ‘ Reference
Haematotoxicity and placental transfer studies

rat (SD) study examining |Flumioxazin induced anaemia in rats can be Yoshida (1996)
the mechanism of classified as sideroblastic anaemia resulting SBT-0059
haematotoxicity (up to primarily from the defective haem pathway during

30 animals/sex/gp) the process of haemoglobin biosynthesis

oral: feed considering the increase in porphyrins and
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study 1: 0, 3000,
10000 ppm

study 2: 0, 3000 ppm
(exposure: study 1: 37
days; study 2: 15 days)
No guideline available;
non-GLP.

Flumioxazin 94.8% pure

siderocytes. The increased blood porphyrin level
suggested that the S-53482 induces porphyria in
rats.

rat / mouse (SD / ICR)
study examining placental
transfer of flumioxazin
(24 animals/gp)

oral: gavage

30 mg/kg
(exposure:GD12)

EPA OPP 85-1, non-GLP

[phenyl-U
14C]flumioxazin
purity: >99%

In mice significantly higher transfer of radioactivity
to blood cells was observed compared with rats.
Elimination of radioactivity from female
reproductive tissue of both species was slower than
that from blood (blood cell & plasma), with only a
small amount of radioactivity being transferred to
the foetus.

Isobe (1992)
SBM-20-0015

rat / rabbit (SD / JW) study

In rats significantly higher transfer of radioactivity

Isobe (1993)

examining placental to blood cells was observed compared with rabbits. |SBM-30-0032
transfer of flumioxazin Elimination of radioactivity from female

oral: gavage reproductive tissue of both species reached maxima

30 mg/kg 2-4 hrs after administration and decreased rapidly

(exposure: rats GD 12 / thereafter, with only a small amount of radioactivity

mice GD10) being transferred to the fetus.

EPA OPP 85-1, non-GLP

[phenyl-U '4C]-

flumioxazin

purity: >99%

Critical window/histopathogenesis of critical effect

Critical window study: The data confirmed that the most sensitive Kawamura
rat (SD) study examining |developmental stage common to VSD, embryonic (1993a)

the critical period for mortality and reduced fetal body weight was on GD |SBT-30-0044

developmental toxicity

(5 females/gp)

oral: gavage

400 mg/kg

(exposure: single dose on
GD 11, 12, 13, 14 or 15)
EPA OPP 83-1, non-GLP

Flumioxazin 94.8%

12.

Since all 3 endpoints peaked in incidence on GD 12,
it is suggested that the mechanism involved in all 3
parameters is common to teratogenicity,
embryolethality and growth retardation.
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Histopathology

rat / rabbit (SD / JW) study
examining the
histopathological effects of
flumioxazin on embryonic
development

oral: gavage

0, 1000 mg/kg

(single exposure GD 12)
EPA OPP 83-3; non-GLP

Flumioxazin 94.8%

Histopathology in rat embryos only:

-mitochondrial lesions including abnormal iron
deposition possibly related to inhibition of haem
synthesis in yolk sac erythrocytes with subsequent
degeneration.

-thinning of the ventricular wall following
erythroblastic lesion may reflect reaction to loss of
embryonic blood cell population.

Conclusion

Flumioxazin did not induce VSD due to a direct
injurious effect on embryonic heart tissue. The
effects were likely attributed to an indirect
mechanism, where flumioxazin inhibits PPO in rat
embryos only, thereby interfering with normal haem
biosynthesis resulting in embryonic anaemia. The
embryo compensates for the anaemic hypoxia by
increasing heart stroke volume, leading to
hypertrophy of the heart. VSD defects result from
mechanical distortion of the heart.

Kawamura &
Yoshioka
(1997)
SBT-0064
and
Kawamura
(1993b)
SBT-30-0043

Histopathology Data from this study suggest that the enlarged Kawamura
rat (SD) study examining heart, oedema and anaemia preceding the (1997)
the pathogenesis of occurrence of fetal mortality may be instrumental in |[SBT-0065
developmental effects the cause of death. Similarly, the occurrence of

produced by flumioxazin enlarged heart preceding the failure of the

oral: gavage interventricular closure would be related to the

0, 400 mg/kg pathogenesis of this finding.

(single exposure GD 12)

EPA OPP 83-3; non-GLP

Flumioxazin 94.8%

PPO and PPIX mechanistic studies

rat / rabbit (SD / JW) PPIX |PPIX accumulated in rat embryos up to 12 h post Kawamura
accumulation in maternal |dosing, reaching 200-fold greater than the control [(1996a)
liver and embryos post values. In contrast PPIX levels in rabbits remained |SBT-0061
single administration (up to |very low throughout the post-dosing period. and

4 females/gp) The species difference in PPIX accumulation in Kawamura
oral: gavage embryos correlates with that of the developmental [(1993c¢)
rat / rabbit: 1000 mg/kg toxicity produced by flumioxazin. SBT-30-0042
(exposure: single dose on

GD 12)

EPA OPP 83-3;non-GLP

Flumioxazin

purity: 94.8%

Rat (SD) PPIX accumulation|PPIX accumulated in both whole embryos and Kawamura
in maternal liver and maternal livers following administration of (1996b)
embryos post single flumioxazin and S-23121. The extent of SBT-0062
administration (up to accumulation in embryos was greater than that and

5 females/gp) observed in maternal livers, with the increase in Kawamura
oral: gavage PPIX in the embryos up to 290-fold greater than (1993d)
rat: 1000 mg/kg the control value. For S-23031, PPIX accumulation [SBT-30-0042
(exposure: single dose on |was not observed in either rat embryo or maternal

GD 12) liver samples.

EPA OPP 83-3;non-GLP

Flumioxazin

purity: 94.8%

rat / rabbit (SD / JW) PPIX |PPIX accumulated in whole embryos of rats, Kawamura
accumulation in maternal |peaking on GD 11 to 12. Accumulation of PPIX was |(1996c)
liver and embryos (up to not observed in maternal rat or rabbit livers or in SBT-0063
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5 females/gp) rabbit embryos. and

oral: gavage Kawamura
rat / rabbit: 400 / (1993e)
1000 mg/kg SBT-30-0042
(exposure: single dose on

GD 10 - 15)

EPA OPP 83-3;non-GLP
Flumioxazin
purity: 94.8%

Inhibition of PPO by The ICsq values for flumioxazin after a 20 min

flumioxazin in rat, human |incubation period for the inhibition of PPO activity in |Green & Dabbs

and rabbit liver liver from rats, rabbits and humans were: (1996) SBT-
Rats: 0.00715 £ 0.0021 uM; 0060

Flumioxazin Humans: 0.0173 %+ 0.0044 uM.

purity: 94.8% Rabbits: 0.138 £ 0.0739 uM

The relative sensitivity of the species to PPO
inhibition by flumioxazin was rat > human > rabbit.

Effect of SB herbicides on |All three SB series herbicides inhibited mammalian |Noda (1995)

PPO activity in rat and PPO activity. SBT-0058
rabbit liver mitochondria The ICsq values:
Flumioxazin (rat): 23 nM
-Flumioxazin (94.8%) S-23121 (rat): 36 nM
- S-23031 (dev tox neg) |S-23031 (rat): 2230 nM

-S-23121 (dev tox pos) |Flumioxazin (rabbit) 300 nM
S-23121 (rabbit): 690 nM
S-23031 (rabbit): 12500 nM

The relative sensitivity of the species to PPO
inhibition by SB series herbicides was rat > rabbit.

PPO activity in rat and Adult liver and embryo mitochondria showed similar|Green & Dabbs
rabbit tissue sensitivity to PPO inhibition by the test compounds, |{(1993) SBT-31-
Flumioxazin, S-23121 and S-23031. 0045

-Flumioxazin (94.8%)
- S-23031 (dev tox neg) |Rabbit enzyme results showing less sensitivity to
-S-23121 (dev tox pos) [inhibition by the test compounds than the rat
enzyme.

The relative potency for inhibition was
flumioxazin > S-23121 > S-23031

The main points identified in these studies were as follows:

1.Critical window and pharmacokinetics: The critical period for sensitivity to the pre-natal
developmental effects of flumioxazin including foetal death, reduced foetal bodyweight
and VSD following single administrations of 400 mg/kg, was day 12 of gestation. This
suggested a common mechanism for the three types of developmental effects. The
effects seen following a single administration were identical to the developmental
effects identified following repeated exposure in the guideline developmental toxicity
study at 30 mg/kg, however, the dose levels used were significantly different.

Absorption at doses of 30, 400, and 1000 mg/kg, was 50% (actual value), 21%
(logarithmic approximation), and 12% (actual value), respectively (Takaku 2012a,
SBM-0089; Takaku 2012b, SBM-0092 and Takaku 2012c: SBM-0093).

Therefore, the internal dose at 400 mg/kg was estimated to be 84 mg/kg and was in
fact 5.6 times higher than that following dosing with 30 mg/kg (internal dose 15
mg/kg). In addition, calculation using the physiologically-based pharmacokinetic (PBPK)
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model estimated the Cmax and AUC at 400 mg/kg to be 4 times and 6 times larger
than that at30 mg/kg. The DS considered, therefore, that a single treatment at 400
mg/kg could be comparable to a repeated treatment at 30 mg/kg during the sensitive
period.

Following dosing with 30 mg/kg in the comparative pharmacokinetics study,
flumioxazin derived radioactivity was detected at a concentration of 0.02 ug eq./g in
both rat maternal plasma and foetus (Shirai, 2009). Therefore, there was no difference
in exposure to flumioxazin between maternal animals and foetuses.

Table 1. Internal dose of flumioxazin in foetus at different oral dose levels

Internal
Dose regimen cmax ok dose
(Mg/mL)  x hr/mL) (mg/kg)
Foetus (30 mg/kg po single dose, 0.06 0.72 15
actual)
Foetus (30 mg/kg po single dose, 0.06 1.05 15
simulated)
Foetus (30 mg/kg po repeat 9 daily 0.08 - i
doses)
Foetus (400 mg/kg po single dose, 0.24 5.99 84
simulated)
Foetus (1000 mg/kg po single dose, 0.32 8.68 120
simulated)

2.PPO inhibition/PPIX accumulation: Using PPIX accumulation as a marker for PPO
inhibition, there was a correlation between PPIX accumulation and developmental
toxicity, as demonstrated by flumioxazin-related PPIX accumulation in the rat and not
the rabbit foetus and demonstrated compound-specific differences.

PPIX Concentration PPIX Concentration 12 45

E—3Rat 400mg/kg - 10

~O=Lmbryonic Deathin Rat | 55

(%)

(ug/g lissue)
=
(ug/g tissue)
I

J—t
o3

Rat Embryo

Ral Rabbit Control S-23031 S-23121 Flumioxazin 10 1 12 13 14 15
1000 mg/kg 1000 mg/kg 1000 mgkg 1000 mgkeg 1000 mgkg Gestation Day

Fig. 3 Close link between PPIX accumulation and developmental toxicity

Sensitivity to inhibition was not different between rat adult and foetal PPO.

The induction ratios of PPIX following treatment with flumioxazin at 0.3 pg/mL were
10.3, 4.4, 1.1 and 1.4-fold in primary hepatocytes of rat, human, rabbit and monkey,
respectively (rat>human>rabbit/monkey). Based on ICsq values, the relative sensitivity
of the species to PPO inhibition by flumioxazin was rat > human > rabbit.

3.Pathogenesis of the developmental effects: Comparison of the pathogenesis of the
developmental effect of flumioxazin between rats and rabbits (GD 12, 1000 mg/kg),
identified abnormal iron deposits in the mitochondria, probably due to inhibition of
haem biosynthesis, in polychromatophilic erythroblasts that were observed as early as
6 hours after treatment, in rat foetuses. Subsequent degeneration of these
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erythroblasts was indicative of foetal anemia. Histological examination of hearts from
exposed embryos revealed thinning of the ventricular wall by 36 hours after treatment.
This may reflect compensation for the loss of embryonic blood cells. Therefore, the VSD
caused by flumioxazin appears to result from inhibition of haem biosynthesis rather
than from direct injury to embryonic heart tissue. Observations in the pathogenesis of
developmental effects of flumioxazin in rat foetuses included: anemia, reduced serum
protein, enlarged heart, oedema, delayed closure of the interventricular foramen, and
incomplete/ delayed ossification of the ribs. Enlarged heart is seen among surviving
foetuses in concurrence with severe foetal anemia suggesting that enlarged heart
results from pumping greater volumes of blood in compensation for foetal anemia.
Enlargement of the heart precedes interventricular foramen closure. Therefore, the VSD
caused by flumioxazin may be due to failure of heart closure resulting from mechanical
distortion of the heart or abnormal blood flow rather than from direct toxic effects of
flumioxazin on cardiac tissue. Reduction of foetal serum protein due to reduced
production in the liver in response to hypoxia, was considered to lead to
incomplete/delayed ossification of the ribs and the wavy ribs seen at term. None of
these effects were apparent in rabbit foetuses.

New mechanistic data:

These studies were conducted after the publication of the current Flumioxazin classification in
the 28™ ATP of the DSD. The purpose was to add weight to the mechanistic evidence and to

allow assessment of the human relevance of the developmental toxicity found in rats.

(Crl:CD (SD):

1000 mg/kg/ 3.7 MBqg/single
dose

Non guideline non-GLP

and *C which remained in the
carcass showed that the
absorption (bile + urine +
carcass) in females was 12.3%
after a single oral
administration of flumioxazin
at 1000 mg/kg.

Method Result Reference
Rat pharmacokinetic study | The total amounts of *C Takaku, T. (2012a)
(3 females/gp) oral: gavage excreted into bile and urine SBM-0092

Rat / Rabbit
pharmacokinetic study

(4 females/gp) oral: gavage
Rat (HW):

30 mg/11.3 MBq/5 mL/kg/d

rabbit (NZW):

30 mg/1.12 MBqg/0.5 mL/kg/d
(exposure from GD 6 - 12)
Japanese guidelines on non-
clinical pharmacokinetic
studies n0.496; non-GLP

In rats, significantly higher
transfer of radioactivity to
blood cells was observed
compared with rabbits.
Elimination of radioactivity
from female reproductive
tissue of both species was
slower than that from plasma,
with only a small amount of
radioactivity being transferred
to the fetus.

Shirai, N. (2009)
SBM-0081

Development of rat
erythroblasts in rat
embryos, ex vivo

rat (SD) male/female

No test material added, study
used to examine differentiation
of developing erythrocytes

No guideline available; non-
GLP

In rats differentiation of
circulating erythroblasts in rat
embryos from embryonic day
11 to 14 was synchronised.

Ihara, R. (2011)
SBT-0117

Flumioxazin/metabolites
inhibition of PPO obtained
from rat liver mitochondria,

Flumioxazin has the strongest
inhibitory activity among the 4
substances tested, followed by

Abe, J. (2011a)
SBT-0118
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in vitro

S-53482: 10 pM - 1 uM

3-OH S-53482: 100 pM - 10
M

4-OH S-53482: 1 nM - 100 pM
APF: 1 nM - 100 uM

No guideline available; non-
GLP

3-OH S-53482 and 4-0OH S-
54382, which were 13.7 and
147 times weaker than
flumioxazin. APF does not have
any inhibitory activity against
PPO up to 100 uM.

K562 cell differentiation
into erythroid cells in the
presence of flumioxazin, in
vitro

0.01 -5uM

No guideline available; non-
GLP

PPIX accumulation in K562
cells was observed at
concentrations of 1 uyM and
greater in dose dependent
manner, there however was no
effect on cell proliferation or
haem synthesis at the highest
dose tested.

Kawamura, S. (2012a)
SBT-0119

K562 cell differentiation
into erythroid cells in the
presence of metabolites of
flumioxazin, in vitro

5uM

No guideline available; non-
GLP

There was no effect on
protoporphyrin IX content,
heme synthesis and cell
proliferation when K562 cells
were treated with the
metabolites, while flumioxazin
increased protoporphyrin IX in
K562 cells.

Kawamura, S. (2012b)
SBT-0123

Species difference in
accumulation of PPIX in
primary hepatocytes from rat,
rabbit, monkey & human, in
vitro

0.01 - 0.3 pg/mL

No guideline available; non-
GLP

The induction ratios of PPIX
following treatment with
flumioxazin at 0.3 pg/mL were
10.3, 1.1, 1.4 and 4.4-fold in
primary hepatocytes of rat,
rabbit, monkey and human
respectively. These results
suggest that rat hepatocytes
are more sensitive to
flumioxazin treatment than the
other 3 species, including
human.

Abe, J. (2011b)
SBT-0120

PBPK modelling of flumioxazin
in rats and humans, in vitro
and in silico

5.6 - 100 uM

No guideline available; non-
GLP

The developed human PBPK
model demonstrated that the
human fetal exposure to
flumioxazin following a
maternal oral dose of

1000 mg/kg would be

0.68 ppm (1.92 uM), indicating
that exposure to flumioxazin in
a human fetus would be
relatively low, even at

1000 mg/kg.

Takaku, T. (2012b)
SBM-0093

The following information was taken from these studies

1.The absorption of flumioxazin following a single high oral dose (1000 mg/kg) was 12.3%
(bile+urine+carcass). The internal dose is therefore 124 mg/kg.

2.Significantly higher transfer of total radioactivity to blood cells was observed in rats
compared with rabbits. Elimination of total radioactivity from female reproductive tissue
of both species was slower than from plasma, with only a small amount of radioactivity
being transferred to the foetus. However, radiolabelled flumioxazin was detected at a
concentration of 0.02 ug eq./g in both rat maternal plasma and foetus, therefore, there
was no difference in exposure to flumioxazin between maternal animals and fetuses.
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3.The relative sensitivity of the rat foetal erythroblast to flumioxazin induced anaemia was
attributed to the observation that in rats, differentiation of circulating erythroblasts in
the embryos from embryonic day 11 to 14 was synchronised (see argument 2 below).

4.Additional in vitro studies using human (erythroleukemia-derived K562 differentiation
and haem production) and rat (erythroleukemia-derived cells) cell lines were conducted
to support the proposal that human erythroid cells are less sensitive to the effects of
flumioxazin (via on PPO) on haem production that rat.

5.Finally, a PBPK model was developed for flumioxazin in order to predict parent
flumioxazin concentrations in blood and foetus of pregnant humans based on data
obtained in the rat. An in vitro metabolism study using rat and human liver microsomes
was carried out to determine any species differences in the metabolism of flumioxazin
between rats and humans. Physiological data for humans were cited from the literature
and the human model was developed to predict the pharmacokinetics in humans in
several tissues. Whilst it is not possible to measure experimentally human foetal
concentrations of flumioxazin, development of the PBPK model in the pregnant rat was
scaled to humans to provide an estimate of the disposition of flumioxazin in pregnant
humans. The human pregnant PBPK model developed demonstrated that the human
foetal exposure to flumioxazin following a maternal oral dose of 1000 mg/kg would be
0.68 ppm (1.92 uM).

In addition, the results of the developmental toxicity studies which were carried out in the rat
and rabbit on two structural analogues of flumioxazin, (one causing developmental toxicity and
the other not) was correlated with ability of these analogues to inhibit PPO/induce
accumulation of PPIX in mitochondrial preparations of treated rat and rabbit livers.

Further developmental mechanistic studies conducted on Flumioxazin and its metabolites
demonstrated that flumioxazin metabolites had no effect on PPIX accumulation, haem
synthesis or cell proliferation in K562 cells.

Reference was made to the published data on x-ray irradiation (Wilson et al. (1953)) and
nimustine (Miyagawa et al. (1988)). Both have been shown to produce VSDs most likely via
direct damage to the heart as a result of their ability to damage cardiomyocytes. The critical
period for cardiac damage by these agents is determined to be earlier than GD 12. This was
considered to support the theory that flumioxazin might not produce cardiac VSD via direct
damage to embryonic heart tissue but rather through an indirect mechanism.

The case for declassification relies mainly on two arguments;

1.Species specificity in sensitivity to PPO inhibition

Comparison of ICsos (NM) among three species for PPOs derived from adult liver

Species rat human rabbit

ICso 7.15 17.3 138

As shown in the table above, rat PPO was most sensitive to inhibition by flumioxazin among
the species tested while humans were intermediate between rats and rabbits. Consistent with
this finding is the observation that significant accumulation of PPIX as the result of PPO
inhibition in (primary) hepatocytes was observed in rats with a smaller amount of PPIX
detected in human hepatocytes.

PPO inhibition causes anaemia which is the primary toxic effect in rats both in adults and
embryos. This anaemia is considered to be responsible for the developmental toxicity in the
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rat. In humans, variegate porphyria (VP) is a disease associated with PPO deficiency. VP is
associated with reduced PPO content and delta-aminolevulinic acid dehydratase ()activity in
erythrocytes. Erythrocyte counts are not affected in VP and haemoglobin, haematocrit, MCV
and MCH in VP are slightly higher than their controls. The reduced rate of haem production in
VP is enough to generate the same, or even greater, quantity of haemoglobin as control
individuals. This indicates that PPO activity is not rate-limiting in human erythroid cells and
almost normal haem concentration (without anaemia), can be maintained even with reduced
PPO activity. In contrast, PPO activity is close to rate-limiting in rat erythroid cells and
decreased activity reduces porphyrin production in erythroids resulting in PPIX accumulation,
iron deposit, and anaemia. Studies conducted with K562 (human erythroleukaemia derived),
CD36+ (human cord blood cells) and a rat erythroleukaemia cell line indicated that although
PPIX accumulation (therefore PPO inhibition) occurred in the human cell lines, there was no
effect in haem content or the number of differentiated haem-synthesising cells when treated
with flumioxazin from 0.01 to 5 uM, while haem production was reduced in the rat cell line in
response to flumioxazin.

A PBPK model for flumioxazin was developed to predict flumioxazin concentration in the
maternal blood and foetus of pregnant human. The model predicted that the flumioxazin
concentration in the human foetus at a dose of 1000 mg/kg po was 0.68 ppm (1.92uM). This
concentration is lower than the maximum no effect concentration of 5 uM in K562 cells and
was considered to support the view that humans would be less susceptible to anaemia and the
developmental effects of flumioxazin.

2. Synchronous maturation of rat erythroblasts.

It is proposed that rat embryos are particularly sensitive to haematotoxic effects of flumioxazin
due to the synchronous differentiation of erythroblasts, whereas a relatively heterogenous
population is reported to occur in human embryos during primitive haematopoiesis. The
morphology and population characteristics of blood cells in rat embryos demonstrated that a
vast majority of erythroblasts are polychromatophilic on GD 12, the day of the greatest
sensitivity, and orthochromatophilic erythroblasts on gestational day 14, when rat embryos
were much less sensitive to flumioxazin.

This is thought to explain why flumioxazin induces an enormous and synchronous loss of blood
cells in rat embryos exposed to flumioxazin. Synchronised differentiation of erythroblasts in rat
embryos does not allow for an effective compensation of haem synthesis inhibition in the
critical gestational days 12 to 14. Fresh blood cells would not be supplied until haematopoiesis
shifts from the yolk sac to the liver (GD 17). In humans, erythroblast formation in the yolk
sac is characteristic for embryonal days 20 - 50 and is extended over a period of several
weeks; haematopoiesis then shifts to the liver and finally to the bone marrow. In contrast to
rats, a relatively heterogeneous population was observed in human primitive haematopoiesis;
three types, with the possibility of differing sensitivities to flumioxazin. This relative sensitivity
of the human embryonic erythroblast populations has of course not, however, been
demonstrated. The DS conceives that it is possible that the type III erythroblast corresponds
to the orthochromatophilic erythroblast, and type I and type II correspond to earlier
erythroblasts, presumably basophilic or polychromatophilic. Relative populations of type I, II,
and III observed in the yolk sac range from 7% to 40%, from 21% to 89%, and from 4% to
65%, respectively, during the period from commencement of human primitive haemopoiesis in
week 3-4 to completion of ventricular septum formation in week 8. Thus it is surmised that in
humans, even if a particular population is lost, blood cell loss could not be as massive as in
rats.

Overall, it was concluded by the DS that the rat is an inappropriate model for assessing the
developmental toxicity of flumioxazin in humans because, unlike humans, they are highly
sensitive to PPO inhibition, resulting in foetal anaemia and consequent developmental toxicity.
The DS considered that the species difference in susceptibility to flumioxazin and potential for

-74 -




anaemia was sufficient support for the removal of the Cat 1B reproductive toxicity
classification, on the basis that there was no plausible scenario whereby humans would be at
risk of developmental toxicity.

Comments received during public consultation

Five MS opposed the proposed declassification. A number of MS suggested that the proposal
shouldn’t be accepted without an in-depth analysis of the argument and it was proposed that
classification in Cat 2 should be assessed. There were six comments from individuals in the US
and one from the UK supporting the declassification proposal. The proposal was supported by
industry.

In addition, industry submitted two new study reports using human CD36+ cells and rat
erythroleukemia cells.
1.CD36+ cells are precursor of erythroblasts, which can be differentiated into haem-
synthesizing cells and are considered more relevant to physiological maturation of
human foetal erythroblasts than K562 human erythroleukemia cells, hence better
addressing the effect on haem biosynthesis in human foetal erythroid cells. There were
no effects on haem content and cell number of human haem-synthesizing cells treated
with flumioxazin at up to 5 pM.

2.The rat erythroleukemia cell line which can be differentiated into haem-synthesizing cells
by treatment with inducers and can correspond to human K562 cells. The results
revealed that flumioxazin at 0.1uM and above reduced haem production in the rat
haem-synthesizing cells. These data were considered by the notifier and the DS to
support the case for declassification.

Additional key elements

The CLH report included an updated discussion on the human relevance of the developmental
effects included by flumioxazin in rats (Annex 1) which used a Human Relevance Framework
(HRF)-type of analysis of the data set. The proposed mechanism is discussed in the light of all
evidence presented and other potential modes of action are considered. The critical biological
events and their relevance to humans are discussed. The conclusion is that the human
embryo would be far less sensitive than the rat embryo to the effects of flumioxazin for the
following reasons:

1. Adult human PPO is significantly less sensitive to flumioxazin than rat PPO in vitro and at
the cellular level.

2. Decreased PPO activity in rat erythroid cells results in anemia leading to developmental
toxicities. In contrast, reported clinical evidences demonstrate that PPO activity is much higher
than a rate-limiting enzyme in the haem synthesis pathway in human erythroid cells. It is
therefore considered to be unlikely that the reduction of PPO activity could induce anemia or
disturbance of haem synthesis in human erythroid cells.

3. Human erythroblasts are considered to be non-susceptible to flumioxazin when treated at
concentrations that are expected to far exceed those attained in human embryos following
flumioxazin exposure. Pharmacokinetic modeling in the rat and the human predicts that human
erythroblasts would not be susceptible to flumioxazin at exposures exceeding a maternal dose
of 1000 mg/kg/d.

4. Because of a less homogeneous population in primitive erythropoiesis in humans, it is
considered possible that a loss of a particular population should not lead to a massive drop in
red cells.

5. Rat erythrocytes are more fragile than human erythrocytes, for example when exposed to
osmotic imbalance, pH changes or oxidative damage.

Assessment and comparison with the classification criteria
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Flumioxazin induced embryolethality and teratogenicity in the rat following dosing via both the
oral and dermal routes. Abnormalities induced were cardiovascular, mainly VSD, and an
increase in the incidence of wavy ribs and reduced ossification of sacrococcygeal vertebral
bodies were also observed. Furthermore, foetal growth retardation was also observed in both
studies. This observation was supported by the occurrence of reduced litter size (embryo-
foetal lethality) and reduced pup weight seen in the 2-generation study. These effects were
observed in the rat at relatively low levels and in the absence of maternal toxicity. In contrast
to the rat, flumioxazin showed no evidence of developmental toxicity in the rabbit even in the
presence of maternal toxicity. The maximum dose administered in the rabbit study was 100-
fold greater (3000 mg/kg/d) than the maximum dose administered in the rat oral
developmental study.

The applicant for PPP authorisation has carried out an extensive program of research
(described in some detail above) with flumioxazin in an effort to elucidate the mechanism of
the developmental toxicity seen in rats. Existing mechanistic studies, which were evaluated
during the previous review of flumioxazin for inclusion in Annex 1 to DSD, have been
supplemented by additional studies to strengthen the mechanistic case and to allow an
assessment of the relevance to human of developmental effects found in rats.

There is reasonable evidence for a single mode of action causing the developmental toxicities
in the rat. The sequence of key biological events in the proposed mode of action has been
investigated. According to the proposed mechanism, inhibition of PPO interferes with normal
haem synthesis, which causes loss of blood cells leading to foetal anaemia, embryolethality
and the development of malformations.

Rats are particularly sensitive to the effects of PPO inhibition induced by flumioxazin in
erythroblasts. This leads to anaemia which is considered to be a critical precursor of the
developmental toxicity resulting from flumioxazin exposure. In contrast, humans may be less
likely to develop anaemia from PPO inhibition. This conclusion is based on (1) clinical findings
that PPO deficient patients with VP show no signs of anaemia, (2) experimental evidence that
flumioxazin does not reduce haem production in K562 cells/CD36+ human erythroid cells and
(3) that humans are less sensitive to PPO inhibition than rats.

Pharmacokinetic modeling in the rat and the human predicts that human erythroblasts would
not be susceptible to flumioxazin at exposures equivalent to a maternal dose exceeding 1000
mg/kg/day, and this is considered to support the species difference in sensitivity.

Comparison with the criteria

The data from the rat developmental toxicity studies, both oral and dermal, clearly conform to
the criteria for classification in Cat 1B;

...Clear evidence... based on animal data ...of an adverse effect on development in the absence
of other toxic effects.

However, the DS has provided plausible evidence for a single mode of action (described above)
to explain the embryo-foetal toxicity and teratogenicity. Mechanistic studies have addressed
the biological events in the proposed mode of action, whereby foetal anaemia and adverse
effects on the cardiac system may be induced via inhibition of PPO. While the proposed mode
of action is considered plausible by the RAC, there is still some doubt, as the postulated
sequence of events supporting the mechanism has not been demonstrated in the rat at the
dose level of 30 mg/kg. Further data have explored the relative sensitivities to flumioxazin
toxicity in rats, rabbits and humans and whether the rat is a relevant model in the assessment
of the hazard in humans. The DS assessed the effects to be not relevant to humans and on
the basis of the criteria, that classification is not appropriate.

Regulation (EC) No 1272/2008:
,The classification of a substance in Category 1B is largely based on data from animal studies.
Such data shall provide clear evidence of an adverse effect on sexual function and fertility or
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on development in the absence of other toxic effects, or if occurring together with other toxic
effects the adverse effect on reproduction is considered not to be a secondary non-specific
consequence of other toxic effects. However, when there is mechanistic information that
raises doubt about the relevance of the effect for humans, classification in Category
2 may be more appropriate.”

On the basis that species sensitivity may raise some doubt about the relevance to man by the
data presented, RAC agrees that classification in Cat 2 for developmental toxicity could be
considered.

However, the DS proposal is to remove the classification as Repr. 1B, resulting in no
classification. The DS believes that the sensitivity of man to this mechanism is likely to be low
(less PPO inhibition/PPO not rate limiting in haem generation in humans/non-synchronous
maturation in human embryonic erythroblasts/low quantities of chemical estimated to reach
the foetus), and therefore the risk of this hazard occurring is negligible. They state the
following in the CLH report:

‘Consequential avoidance of the quantitative aspect in criteria of hazard (for man) may be
justified from the procedural point of view. On the other hand, when the risk for humans is
negligible, should hazard identification and characterisation neglect this fact completely?

This question from the DS raises the central element of the rationale for removing the
classification as Repr. 1B. It is not ruled out that the hazard also potentially exists for humans,
notwithstanding the possible interspecies differences in PPO sensitivity and the particular
sensitivity of the rat foetus to induction of anaemia through this route. The issue is whether
the element of risk should be considered relevant to classification and if so, has this risk been
proven to be negligible?

The DS contends that the argument for ‘no classification’ is supported by the criteria in the CLP
Regulation, which states that:“If it is conclusively demonstrated that the clearly identified
mechanism or mode of action has no relevance for humans or when the toxicokinetic
differences are so marked that it is certain that the hazardous property will not be
expresssed in humans then a substance which produces an adverse effect on reproduction in
experimental animals should not be classified.™

RAC does not agree that the mechanism has no relevance to humans and does not agree that
declassification is appropriate on the basis of this argument.

Toxicokinetics determine the rate at which a chemical is absorbed into the body and
distribution/ metabolism/ elimination thereafter. RAC is not of the view that the differences
identified in the data set are ‘toxicokinetic’ other than the outcome of the PBPK modelling
which suggests that the low levels of flumioxazin in the foetus following a maternal dose of
1000 mg/kg would not cause foetal anaemia. It is noted that the exposure level in the rat
foetus following a maternal dose of 30 mg/kg is measured at approximately 0.02 ug eq./g
indicating extreme sensitivity of the (rat) foetus to flumioxazin. Also, the same effect occurred
in the rat following dermal maternal exposure to 300 mg/kg with unknown foetal exposure
(dermal penetration approx. 10%). The observation that rat, human, rabbit and monkey
hepatocyte PPO is inhibited to different degrees in vitro, and that PPO activity is not rate-
limiting in human haem synthesis are not toxicokinetic aspects of flumioxazin toxicity. The
main argument concerning the relative susceptibility of the rat foetus to anaemia due to its
synchronously differentiating erythroblasts is also not a toxicokinetic difference and while
plausible, it is not proven that no significant damage will occur in the human foetus.

RAC considers that the data provided do not support this argument for non-
classification, i.e., that the toxicokinetic differences are so marked that it is certain that
the hazardous property will not be expressed in humans.
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The differences are not considered to be solely toxicokinetic; some are qualitative (erythrocyte
maturation/reasons for different PPO inhibition) some quantitative (PPO activity not rate-
limiting in humans/PPO inhibition rate). Overall, it is not certain that the risk is negligible.
The proposal to remove the classification on the basis of this criterion is not supported.

Specific points considered by the RAC

1.1t is noted that the developmental effects are seen in the rat at 30 mg/kg bw/day in the
oral study in the absence of signs of maternal toxicity. Effects seen in female rats
following 13 weeks exposure (sub-chronic studies) at this dose level were slight but
significant changes in the haematopoiesis and included the following: moderate
decreases in haemoglobin concentration, mean corpuscular volume, mean corpuscular
haemoglobin, mean corpuscular haemoglobin concentration and haematocrit values at
300 ppm (approx. 20 mg/kg bw). The occurrence of anaemia in the dam at this dose
level is likely to be minimal. However, the adult erythrocyte is likely to be significantly
less sensitive to flumioxazin than the primitive erythroblast of the early rat embryo.
The foetus at this dose may have suffered sufficient anaemia to cause the severe
malformation of the heart and other developmental toxicity. It is noted that in the
rat/rabbit pharmacokinetic study (Shirai, 2009; SDM-0081) that after the initial dose,
Cmax/min of *C concentration in plasma ranged from 4.49 to 0.70 in rats and that
most of the previous dose of C was excreted before the next dose. This
pharmacokinetic study indicates that flumioxazin derived radioactivity was detected at
a concentration of 0.02 pg eq./g in both maternal plasma and foetus. Therefore, there
was no difference to exposure to flumioxazin between maternal animals and foetuses.
This indicates extreme sensitivity of the rat foetus. As the amount of flumioxazin in
both foetus and maternal blood (7 hours after dosing with 30 mg/kg) is the same and
the degree of inhibition of PPO is also similar, the proposed sensitivity of the rat foetus
relies on the particular sensitivity of rat embryonic erythroblast development at the
critical window of exposure as discussed by the DS (synchronous maturation of
erythroblasts in rats etc).

The adverse effects are seen at 30 mg/kg in the developmental toxicity study.
Considering the critical window study (single critical day: day 12) and the
pharmacokinetic study, these effects (in the developmental toxicity study) could have
occurred following a single dose of approximately 30 mg/kg (internal dose 15 mg/kg),
while the studies to explore the pathogenesis of these effects used a single dose of 400
mg/kg (internal dose possibly 84 mg/kg) and 1000 mg/kg (internal dose 124 mg/kg).
The internal dose at 400 and 1000 mg/kg would be 5.6 times and 8 times higher
respectively, than at 30 mg/kg. However, the effects seen in the developmental toxicity
study are similar/identical to those induced following a single albeit much higher, dose.

2.PPO inhibition by flumioxazin was investigated using cryopreserved hepatocytes of rats,
rabbits, monkeys and humans (Abe, 2011). The results show that no PPIX accumulation
was observed in rabbit and monkey hepatocytes at the maximum tested concentration
of flumioxazin. Remarkable accumulation of PPIX as the result of PPO inhibition in
hepatocytes was observed in rats with a smaller amount of PPIX detected in human
hepatocytes. These results show that human PPO is less sensitive to flumioxazin than
rat PPO even at the cellular level, reflecting an in vitro inhibitory potency of
flumioxazin. The reason for the apparent interspecies differences in PPO sensitivity
demonstrated in hepatocytes in vitro is not known. PPO is a highly conserved enzyme,
with no information published about isoforms within or between species. The difference
(in ICs) between humans and rats is also not great (approx. 2.4). This is an argument
about reduced risk but not for lack of hazard.
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3.In order to investigate whether or not PPO inhibition in erythroblasts can cause anaemia
in humans, the DS compared resistance to the disturbance of haem synthesis and
induction of anaemia by flumioxazin-induced PPO inhibition in human and rat erythroid
cell lines (K562 (Kawamura, 2011), CD36+ (Kawamura, 2013a), and REL cells
(Kawamura, 2013b)). These cell lines are used as a model for human and rat erythroid
maturation since the cells can be differentiated into haemoglobin-synthesizing cells. In
vitro data generated in K562 cells (human erythroleukemia), rat erythroleukemia cells
and human cord blood (CD36+) cells, demonstrated that flumioxazin did not interfere
with erythroblast differentiation, proliferation and haem production in human cells
whereas rat cells were adversely affected. This evidence was considered to support the
proposal that reduced PPO activity becomes rate-limiting in the rat but not in human
erythroid cells.

There are however, some uncertainties involved in extrapolation of such data to the in
vivo human foetus. For example, does this in vitro assay with human cell lines relate
closely to the transient population of human embryonic erythroblasts in early
embryo/foetal development?

4.There is certainly no doubt that the rat embryo is very sensitive to flumioxazin. The DS
considers that this is due to the synchronous maturation of the erythroblasts in the rat
embryo yolk sac and that this is not likely to occur in the human embryo because of the
significantly greater capacity for the human foetus to recover (as discussed above).
This is plausible, but not proven. Also, even if the human foetus erythroblasts
populations occur in different ratios throughout a relatively long period and the yolk sac
erythropoiesis is relatively short, exposure to flumioxazin is likely to cause some
damage, the nature of which and rate of recovery from which are still unknown.

A.Mechanism of action
1. The mechanism is considered plausible on the basis of the following supporting data:
2. -demonstration of a critical window for all developmental toxicity endpoints

3. -correlation between inhibition of PPO (via PPIX accumulation) and developmental
toxicity via comparison of rat and rabbit and compound-specific differences between
flumioxazin and chemical analogues.

4. -histological evidence of mitochondrial lesions in polychromatophilic erythroblasts and
cardiac damage in the rat foetus (compared to no effect in rabbits).

5. -demonstration of the pathogenesis of the developmental effect in rat (no effect in
rabbit).

6. However, there are some remaining uncertainties;

7. - the critical events were observed at significantly higher doses than in the
developmental toxicity study and were not demonstrated in the rat foetus when the dams
were dosed with 30 mg/kg bw .However, it is not uncommon that a single higher dose is
necessary to produce the developmental toxicity which is similar to those produced by
multiple doses. Considering a decrease in absorption rate with each incremental increase
in the oral dose, differences in internal dose levels would not be as large as those
calculated from dose levels administered orally. The internal dose of 400 mg/kg is 84
mg/kg and becomes 5.6 times higher than that of 30 mg/kg (internal dose 15 mg/kg).
The internal dose for 1000 mg/kg is approximately 124 mg/kg. The stated purpose of using
the high dose of 1000 mg/kg (Kawamura et. al., 1996) was to produce obvious, initial
histological changes related to VSD in most of the embryos examined because a single
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administration of 400 mg/kg was shown to cause the effect in 14% of surviving foetuses in
a preceding study (SBT 0065). Pharmacokinetic studies indicated that the maternal plasma
and foetal flumioxazin concentration after a single dose of 30 mg/kg was very low (0.02 pg
eq./g ) and each dose was almost completely cleared within a 24 hour period (indicating
little potential for accumulation/addition).

8. - In addition, the PPO inhibition data indicate similar ICsy values for adult and foetal
rats (ref study SBT-0045), yet the foetus was far more sensitive to flumioxazin damage.
In contrast, PPIX was demonstrated to accumulate in the rat foetus at very high levels
compared to adult liver, which could be due to rapid excretion into bile and faeces in the
adult.

9. - Placental transfer data and the rat pharmacokinetic study (Shirai, 2009) indicate
flumioxazin derived radioactivity was detected at a concentration of 0.02 ug eq./g in both
maternal plasma and foetus following a dose of 30 mg/kg. Therefore, there was no
difference in exposure to flumioxazin between maternal animals and foetuses. This points
to extreme sensitivity of the rat foetus, believed to result from the non-synchronous
maturation of rat embryonic erythroblasts and the potential rate-limiting role of PPO
inhibition in haem synthesis in the rat.

10. -The mechanism proposed is likely to occur in humans, even though the evidence
suggests that human erythroid-forming cell lines (K562/CD34+) are more resistant to
flumioxazin induced inhibition of haem synthesis than rats and that PPO activity is not rate
limiting in humans but significantly rate-limiting in rats. The difference is, however,
generally more quantitative than qualitative.

11.

12.B. Human relevance:
13.The human relevance of the mechanism is questioned (by the DS) on the basis that:

14. -A clear species difference is demonstrated between rats and rabbits with respect to
the developmental toxicity induced by flumioxazin. This is supported by the lower
sensitivity to PPO inhibition and PPIX accumulation in rabbits.

15. It is noted that the difference between rats and humans with respect to PPO inhibition
is, however, less marked. For example, ICso values measured were 0.007, 0.017, 0.138, in
liver mitochondria from rats, humans and rabbits, respectively. PPIX induction in primary
hepatocytes was 10.1, 4.4, 1.1, and 1.4 fold in rat, human, monkey and rabbit,
respectively. Human cells were closer to rat than rabbit with respect to ICsg and closer to
rat than rabbit and monkey with respect to PPIX accumulation. The reason for the
differences in species sensitivity to flumioxazin induced PPO inhibition is not known.

16.-It is proposed that the human foetus will be less sensitive to anaemia induced
erythroblast damage than the rat due to the synchronous maturation of the erythroblasts
and the sensitivity of polychromatophilic erythroblasts on a single day (12) of gestation in
rats.

17.-It was demonstrated that human erythroid cell lines (K562/CA36+) could differentiate
normally in the presence of flumioxazin and that haem production was not affected even
though PPO inhibition occurred. PPO inhibition was associated with reduced haem in a rat
REL cell line.

18. However, the demonstrated difference (PPO inhibition 2.4 —fold) between rat and
human cells is not large and represents a moderate quantitative difference.

19. -Even though rat embryos may be particularly sensitive to anaemia induced by
destruction of polychromatophilic erythroblasts in day 12, it is not known what the effect
may be in human embryos during the sensitive period of rapid haem synthesis and
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differentiation of the primitive erythroblast.

20. Note: The antimalarial artemisinins target embryonic erythroblasts and maternal
reticulocytes (via damage to haem producing mitochrondia (and by altering the cell cycle
(Finaurini, S., et. al. 2012)) causing embryotoxicity and maternal reticulocytopenia in rats.
The authors concluded that the therapeutic dose range causing maternal reticulocytopenia
in pregnant women is associated with a risk of adverse effects on the embryo (Clark et al.,,
2011). These authors have previously reported developmental toxicity and teratogenicity
of artemisinins in rats at doses causing only a 15% reduction of maternal reticulocytes, ie.,
embryos are more sensitive and also concluded in the previous paper (Clark 2009)

that ..’doses in (human) pregnancy during the sensitive period (post conception day 21 to
week 9) which might cause even a minor decrease in adult reticulocyte count could cause a
marked depletion of embryonic erythroblasts which could lead to death or malformation of
the embryo’. It is noted that the adverse effect on embryonic erythroblasts was also
reported in a primate study (Clark et al., 2008

21.The mechanism of toxicity is not the same for flumioxazin but the target cells appear to
be, therefore the sensitivity of both rat and human embryonic erythroblasts is relevant.

22.Conclusion

23.RAC considers that the justification for removing the classification is not adequate While
taking account of all arguments related to relative sensitivity of the rat, significant doubt
still exists as to the actual sensitivity of the human foetus to PPO inhibition during a
sensitive period of erythrocyte maturation. The mechanism of flumioxazin-induced
developmental toxicity is considered relevant to man, although it is acknowledged that
significant differences between rat and man may exist with regard to sensitivity to this
mechanism for the reasons outlined above. The RAC concludes that the doubts with
regard to human relevance are not sufficiently convincing to warrant
classification as Repr. 2 or no classification and that the current classification for
flumioxazin as Repr. 1B should be retained.

4.13 OTHER EFFECTS
4.13.1 NON-HUMAN INFORMATION

4.13.1.1INEUROTOXICITY

Not relevant to this proposal.

4.13.1.2IMMUNOTOXICITY

Not relevant to this proposal.

4.13.1.3 SPECIFIC INVESTIGATIONS: OTHER STUDIES

Not relevant to this proposal.

4.13.1.4HUMAN INFORMATION

None.
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5 ENVIRONMENTAL HAZARD ASSESSMENT

Summary of the Dossier submitter’s proposal

Flumioxazin currently has a harmonised classification as Aquatic Acute 1 (M-factor=1000) and
Aquatic Chronic 1 according to CLP. The dossier submitter (DS) carried out the environmental
hazard assessment in order to determine the chronic M-factor, currently not included in Annex
VI of the CLP Regulation, taking into account the new criteria brought in by the 2"¢ ATP to CLP
and which are related to the classification of long-term hazards to the aquatic environment.

Degradation
Two hydrolysis studies according to guideline EPA-FIFRA 161-1 and in compliance with GLP

were run at pH 5, 7 and 9 at 25 °C for 30 days. Flumioxazin was rapidly hydrolysed in all three
buffered solutions and the degradation rate increased with pH (DTsq: 3-5 d at pH=5, 19-26h at
pH=7, 14-23min at pH=9). Degradation proceeded via opening of the cycloimide ring at all pH
values to form 482-HA (7-fluoro-6-[(2-carboxyl-1-cyclohexenoyl)amino]-4-(2-propynyl)-1,4-
benzoxazin-3-(2H)-one). Subsequent cleavage of the amide linkage to form APF (6-amino-7-
fluoro-4-(2-propynyl)-1,4-benzoxazin-3-(2H)-one) and THPA (3, 4, 5, 6-tetrahydrophthalic
acid) was observed only at pH 7 and 5. A supportive hydrolysis study performed with
flumioxazin and its degradation product 482-HA showed that the hydrolysis of flumioxazin
proceeds predominantly through neutral and base catalyzed processes, while the hydrolysis of
482-HA proceeds predominantly through an acid catalyzed process. Half-lives of 482-HA were
calculated to be 2.35 hours, 10.7 days and 72 days at pH 5, 7 and 8, respectively.

The photodegradation of flumioxazin in water was studied according to guideline EPA-FIFRA
161-2. The two studies, in compliance with GLP, were carried out at 25 °C and pH 5.0 for 30
days. Light slightly enhanced degradation of flumioxazin in water at pH 5 and a different
degradation pathway was involved. The DTsy of flumioxazin was 21 h in the light, while DTsg in
the dark was 118h. 482-PHO (N-(2-propynyl)-4-[4-carboxy-3-fluoro-2-(3,4,5,6-
tetrahydrophthalimido)-2-butenylidene]azetidine-2-one) and THPA were identified as major
photolytic degradation products.

A ready biodegradability test was performed according to OECD guideline 301 B. The study
was carried out in compliance with GLP at 22°C for 28 days using as the inoculum an activated
sludge not previously knowingly exposed to the test substance. Biodegradation of flumioxazin
was 3% at the end of the test on day 28 so the substance is considered not readily
biodegradable under the conditions of the test.

A water/sediment simulation study, carried out according to SETAC guideline, using radio-
labelled flumioxazin was run for 98 days at 20 °C using two systems (clay loam, 8% OC and
sandy clay loam, 3.6% OC). Flumioxazin was temporarily found in sediment (max 27% after
7d) and it rapidly disappeared in both water and sediment phases. For the whole systems,
DTsos were < 1.85d and DTy were 25-69d. Degradation occurred via hydrolysis to APF (max
58% in water after 7 d) and THPA (max 63% in water and 18% in sediment after 7d). Non-
extractable residues reached averages of 38-61% and mineralisation reached averages of 5-
29% after 98 days. The available water sediment study has been reassessed using FOCUS
kinetics approach, and as no reliable DegTs, values have been obtained for water and sediment,
the geometric mean value of 21.6 days was used for the water phase and the default value of
1000 days was used for the sediment phase.

A further water/sediment study (Shibata, 2011) was carried out according to OECD Guideline
308. The study was run for 30d and two systems were set up containing natural sediment and
associated water and suitable traps for collecting volatile compounds. The degradation rate of
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flumioxazin in water in the absence or presence of sediment or light, is largely unaffected,
indicating that sediment or light insignificantly contribute to dissipation/degradation.

In this study all major metabolites formed were identified and the presence of sediment
decreased the amounts of all metabolites formed. For the whole system and natural water the
maximum levels of CO, are about 24% and 14.8% (in illuminated conditions) respectively.
Moreover, in illuminated water/sediment systems CO, and bound residues reached levels
>48% after 30 days.

Bioaccumulation

The substance has a measured logK,, of about 2.55 (OECD 107, 20 °C, purity 99.5%). The DS
did not provide any studies on bioaccumulation.

With a logK,, < 4 the substance does not meet the criterion for bioaccumulation according to
CLP.

The 3 major hydrolytic degradation products: 482-HA, APF and THPA have calculated logKqy
values of 0.804, 0.127 and 0.88 respectively. The DS indicated that for these data it isn't
necessary to carry out a bioaccumulation study in fish.

Aquatic toxicity:

Several acute and chronic aquatic toxicity data are available from studies on the tested
substance which, in the majority, followed guideline standards and were in compliance with
GLP and reliable according to the DS.

The available short-term tests for flumioxazin were: three for fish, one with invertebrates,
three with algae and aquatic plants, respectively. The most sensitive species tested is the
aquatic plant Lemna gibba (14d semi-static condition test) with an EC5q=0.00035 mg/L based
on initial measured concentrations, which ranged from 85 to 90% of the nominal
concentrations and decreases by 23% at day 3.

The chronic aquatic toxicity of flumioxazin is assessed on the base of three long-term fish tests,
four chronic tests with invertebrates and three studies with algae and aquatic plants. The most
sensitive species tested was Navicula pelliculosa that was exposed to flumioxazin for 120h in
static conditions, with the resulting value for NOEC<0.000042 mg/L and ECs=0.000041 mg/L
based on initial measured concentration.

Comments received during public consultation

Four Member States (MS) contributed during public consultation stating a general agreement
with the proposed environmental classification.

Two MS had specific comments. They suggested recalculating the ECsy value for Lemna gibba
using data at day 7 (if available) instead of data at day 14 according to OECD test guideline
221. The DS replied that the 7-day ECsq is not available.

Concerning the study with Navicula pelliculosa, one MS noted that the ECsg and NOEC were
measured after 5 days, while in OECD guideline 201 for freshwater algae the exponentially
growing test organisms were exposed over a period of 72 hours.

Another MS suggested using the value of EC5=0.000041 mg/L instead of the NOEC from the
study with Navicula pelliculosa. In this regard, the DS stated that using the ECs would
influence neither the classification of the substance nor derivation of a chronic M-factor.

A further MS, while agreeing that Lemna gibba and Navicula pelliculosa were the most
sensitive species, highlighted that the ECsqg and NOEC values are based on the initial mean
measured concentration, while it would have been more appropriate to calculate the geometric
mean concentration at the start and the end of the test, taking into account that the substance
is hydrolytically unstable. This could have an influence on the setting of the M-factor.

The DS stated that according to SANCO 3268/2001/rev.4, the endpoints based on initial
measured concentrations are considered relevant when effect data are obtained from the test
performed under static conditions.
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5.1 Degradation

Table 21: Summary of relevant information on degraetion

Measurement of CO
Evolution

Biodegradation of
flumioxazin was 3% at the

end of the test on Day 28.

Method Results Remarks Reference
EPA — FIFRA 161-1, Flumioxazin was rapidly | Rapidly Katagi et al.,
Hydrolytic degradation of | hydrolysed in all three hydrolysed 1990a.
[THP-*C]-flumioxazin buffered solutions and the

half-lives were calculated

to be 3.43 days, 18.9 - 23|9

hours and 14.0 - 15.1

minutes at pH 5, 7 and 9,

respectively.
EPA-FIFRA 161-1, Flumioxazin was rapidly | Rapidly Katagi et al.,
Hydrolytic degradation of | hydrolysed in all three | hydrolysed 1990b.
[Ph-“C]-flumioxazin buffered solutions and the

half-lives were calculated

to be 4.91 - 5.20 days, 23|2

- 25.9 hours and 21.3 -

22.7 minutes at pH 5, 7

and 9, respectively.
EPA-FIFRA 161-2, Light slightly enhances None Fathulla,
Photodegradation Study | degradation of flumioxazin 1995b
with [Ph-**C]-flumioxazin | in water at pH 5 and a

different degradation

pathway is involved.
EPA-FIFRA 161-2, light slightly enhances None Fathulla,
Photodegradation Study | degradation of flumioxazin 1995a.
with [THP-*C]- in water at pH 5 and a
flumioxazin different degradation

pathway is involved.
OECD No. 301 B, Flumioxazin is not readily| Not readily Graham, R &
Assessment of Ready biodegradable under the | biodegradable | Alderman, D.
Biodegradability by conditions of the test. (2011)

5.1.1 Stability
Hydrolysis

Conclusion: Flumioxazin is readily hydrolysed intera Degradation rate increases with pH since

DTsp values are 3-5 days, 19-26 h and 14-23 min at,pHabhd 9, respectively.
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Study 1: Hydrolytic degradation of [THPE]-flumioxazin
Guideline: EPA-FIFRA 161-1. Study performed in cdiapce with GLP. The study is valid.

Cross reference: 11A.7.2.1.1/01, Katagial, 1990a.

[THP-C]-flumioxazin (purity > 99 %), was incubated ireste aqueous buffered solutions at
pH5, 7 and 9 (0.1 mg/l) for up to 30 days at 25itCthe dark. Samples were taken at regular
intervals throughout the study and were analysedotal radioactivity by LSC. High performance
liquid chromatography (HPLC) was used to deterntigédrolysis rate and to identify degradation
products. Further characterisation of the degradaproducts was carried out by 2D-TLC with
reference standards. The hydrolytic half-livesaathepH were calculated.

The recovery of*C was 96.4 - 104.9 %. Radioactivity was fully reemd. Flumioxazin was
rapidly hydrolysed in all three buffered soluticared the half-lives were calculated to be 3.43 days,
18.9 - 23.9 hours and 14.0 - 15.1 minutes at pH&nd 9, respectively. Degradation proceeded via
opening of the cyclo imide ring at all pH valuedaom 482-HA. Subsequent cleavage of the amide
linkage to form major THPA (> 80 % after 30 daysjianinorA-TPA was only observed at pH 7
and 5 (Table 22).

Table 22 Hydrolysis of [THPC]-flumioxazin

% of the applied radioactivity
pH 5 pH 7 pH 9
Duration 1d 4d 30d 1d 7d 304 30 min 30
Flumioxazin 75.5 41.0 - 32.1 16.2 3.5 29.2
482-HA 4.2 3.3 - 62.9 49.8 8.1 73.0 96.1
THPA 18.1 54.6 95.5 3.2 34.5 83.4
TPA - 1.9 2.5 - 1.5 6.0

RMS Comments:

Tests on hydrolysis in buffered solutions were caneld under EPA-FIFRA 161-1. A review of
this study indicates that it partially meets therent guideline OECD 111 (2004), deviations
include:

«  The hydrolysis test should be performed at pH védluestead of 5.
- Tiered testing at multiple temperatures was notiaoted.

However, reconduct is unlikely to yield a signifitly different result because the requirements of
EPA guideline 161-1 are equivalent to OECD 111 thwedstudy is scientifically valid.

Study 2: Hydrolytic degradation of [PA€]-flumioxazin
Guideline : EPA-FIFRA 161-1. Study performed in gdiance with GLP. The study is valid.
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Cross reference : 11A.7.2.1.1/02, Katagial, 1990b.
This study was conducted as above, using'fEiHlumioxazin (purity > 99 %).

Table23: Hydrolysis of [Pht*C]-flumioxazin

% of the applied radioactivity
pH 5 pH 7 pH 9
Duration 1d 4d 30d 1d 7d 300 30 min 30d
Flumioxazin 81.2 44.9 - 40.7 19.8 5.8 34.8
482-HA 4.7 4.4 - 53.2 46.4 10.4 63.6 98.5
APF 13.2 46.3 86.8 3.8 33.0 80.0 -

The recovery of*C was 94.4 - 101.6 %. Radioactivity was fully reemd. Flumioxazin was
rapidly hydrolysed in all three buffered soluticared the half-lives were calculated to be 4.91 5.2
days, 23.2 - 25.9 hours and 21.3 - 22.7 minutepHat5, 7 and 9, respectively. Degradation
proceeded via opening of the cyclo imide ring datpdl values to form 482-HA. Subsequent
cleavage of the amide linkage to form APF (> 80fééra80 days) was only observed at pH 7 and 5.
(Table23)

RMS Comments:

Tests on hydrolysis in buffered solutions were emted under EPA-FIFRA 161-1. A review of
this study indicates that it partially meets therent guideline OECD 111 (2004), deviations
include:

«  The hydrolysis test should be performed at pH véluestead of 5.
- Tiered testing at multiple temperatures was notlaoted.

However, reconduct is unlikely to yield a signifitly different result because the requirements of
EPA guideline 161-1 are equivalent to OECD 111 thiedstudy is scientifically valid.

Metabolites

Study 3: Hydrolysis of hydrolytic metabolites

Guideline: In house method. Study not performedompliance with GLP. The study is valid.

Cross reference: 11A.7.2.1.1/03, Katagial, 1990c.

Hydrolysis kinetics of flumioxazin and its degradat product 482-HA were studied using their
respective radiolabelled preparations, uniformhelged at the phenyl moiety. [PAC]-flumioxazin

or [Ph#“C]-482-HA (purity > 99 %) were dissolved at 0.1 ppmsterile buffers (pH value ranged
from 2.5 to 9) using acetonitrile as a cosolvenl ). Solutions were kept at 251 °C in the dark
for 30 days. Analysis was performed by HPLC.

Flumioxazin showed an approximately constant rétdegradation under the acidic conditions at
and below pH 5.0 (Table 24). The rate of degradatapidly increased as pH increased above pH
5.0. Thus hydrolysis of flumioxazin proceeds predwntly through neutral and base catalyzed
processes.

The degradation rate of 482-HA was higher undetiadondition and it decreased as pH increased
especially above pH 4.5 (Table 24). Thus hydrolg$id82-HA proceeds predominantly through an
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acid catalyzed process. Half lives of 482-HA weadcalated to be 2.35 hours, 10.7 days and 72

days at pH 5, 7 and 8 respectively.

Table 24: Influence of pH on hydrolysis rate oiflioxazin and its degradation product 482-HA

Apparent hydrolysis rate (sec-1)

pH flumioxazin 482-HA
2.5 2.401 x 16 5.222 x 10
3.0 1.866 x 16 4.858 x 10
3.5 2.029 x 16 4.387 x 1¢
4.0 2.202 x 16 3.692 x 10
45 2.358 x 16 2.437 x 10
5.0 1.964 x 16 8.205 x 1@
5.5 2.513x 16 3.295 x 10
6.0 3.742x 16 1.503 x 1@
6.5 7.962 x 16 3.825 x 10
7.0 1.197 x 10 7.490 x 10
7.5 4.142 x 10 3.215 x 10
8.0 6.195 x 10 1.119 x 10
8.5 1.344 x 10

9.0 6.599 x 10

RMS Comments:
Study is considered as supportive.

Agueous photolysis

Study 1: Photodegradation Study with [P8]-flumioxazin

Guideline: EPA-FIFRA 161-2. Study performed in cdiapce with GLP. The study is valid.
Cross reference: 11A.7.2.1.2/01, Fathulla, 1995b.

A sterilised sodium acetate buffer solution at pias fortified with [Ph*C]-flumioxazin (purity >

99 %), at a nominal concentration of 0.1 pg/ml {@acirile < 1 % was used as cosolvent). Samples
were kept at 25°C in the dark or exposed to xermonpl (12h per day) for 30 days. Duplicate
samples were removed from test conditions and sedlat 2, 5, 8, 24, 48, 96, 168, 264, 432 and
720 hours. Samples were flushed with nitrogen mtseries of traps, which contained charcoal,
ethylene glycol and 2-ethoxyethanol : ethanolan{ing). The radioactivity from the liquid traps
was quantitated by LSC. The charcoal traps werebosted and counted by LSC. For radioactivity
characterisation, samples were analysed by 2-D Hod HPLC. The unknown metabolite
corresponding to area 1 of TLC plates was tentitidentified by MS and NMR spectroscopy.

The mean total applied radioactivity recovederexnfthe samples renged from 93.8% to 100.0 %
for the irradiated samples, and from 98.1% to 1@4f0r the dark control samples. Radioactivity
was fully recovered and no volatile compound wdsased. In the dark, R of flumioxazin was
118 h and APF was the main degradation produdhdnight, DTso was 21 h. A metabolite (area 1)
was rapidly formed (up to 74.6 %). MS and NMR datgggest that it would derive from
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flumioxazin via opening of the phenyl ring and idéed as 482-PHO. This compound
progressively declined to 24 % whereas a numbankhown metabolites were formed (Table 25).

Table 25: Agueous photolysis of [P#¢]-flumioxazin — irradiated samples

. % of the applied radioactivity
Duration
(days) Parent Origif Area P Area 2 APF Area 4 Unknown
0 100.0 n.d. n.d. n.d. n.d. n.d. n.d.
2 hours 90.6 n.d. 8.9 n.d. n.d. n.d. n.d.
5 hours 82.9 n.d. 16.6 n.d. n.d. n.d. n.d,
8 hours 73.0 n.d. 24.2 n.d. 0.6 n.d. n.d.
1 45.6 n.d. 50.2 n.d. 3.1 n.d. n.d.
2 19.8 10.4 63.1 6.2 n.d. n.d. n.d.
4 5.7 11.8 74.6 7.0 n.d. n.d. n.d.
7 3.4 17.8 69.6 6.5 n.d. n.d. n.d.
11 25 30.2 57.1 6.4 n.d. n.d. n.d.
18 2.4 34.6 41.1 3.5 n.d. 8.5 51
25 4.7 37.1 29.7 2.2 n.d. 12.8 8.5
30 1.8 41.3 23.7 1.1 n.d. 16.8 9.0
n.d. = not detected
& consist of several unknown compounds
Pidentified as 482-PHO
Table B 26:; Aqueous photolysis of [Pt€]-flumioxazin — dark control
Duration % of the applied radioactivity
(days) Parent Origin* Area 1 Area 2 APF Area 4 Unknoyn
0 100.0 n.d. n.d. n.d. n.d. n.d. n.d.
2 hours 99.1 n.d. n.d. n.d. n.d. n.d. n.d.
5 hours 99.7 n.d. n.d. n.d. n.d. n.d. n.d.
8 hours 92.1 n.d. n.d. n.d. 6.0 n.d. n.d.
1 85.0 n.d. n.d. n.d. 15.6 n.d. n.d.
2 66.8 n.d. n.d. n.d. 33.1 n.d. n.d.
4 55.7 n.d. n.d. n.d. 45.2 n.d. n.d.
7 37.8 n.d. n.d. n.d. 61.7 n.d. n.d.
11 16.6 n.d. n.d. n.d. 87.4 n.d. n.d.
18 2.0 n.d. n.d. n.d. 97.5 n.d. n.d.
25 n.d. n.d. n.d. n.d. 99.8 n.d. n.d.
30 n.d. n.d. n.d. n.d. 101.1 n.d. n.d.

n.d. = not detected

In conclusion, light slightly enhances degradatdrilumioxazin in water at pH 5 and a different
degradation pathway is involved. A new metaboBteapidly formed via opening of the phenyl ring
and further degraded to THPA and a lot of unknoegrddation products.

RMS Comments:

Because of unknown compounds determined in thisgbftic study, a new water/sediment study
conducted under light/dark conditions has been sitduin

Study 2 (EU monograph, 1997): PhotodegradationySuith [THP-**C]-flumioxazin

Guideline: EPA-FIFRA 161-2. Study performed in cdiapce with GLP. The study is valid.
Cross reference: 11A.7.2.1.2/02, Fathulla, 1995a.
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This study was conducted as described above, {iEtig-C]-flumioxazin (purity > 99 %).
Radioactivity was fully recovered and no volatilengound was released. In the dark,sPof
flumioxazin was 96 h and THPA was the main degiadgtroduct. In the light, D&p was 26 h. A
metabolite (area 1) was rapidly formed (up to 54€8cday 2). This metabolite was the same as
above. It progressively declined to 6.8 % wherddBPA (max. 23% AR) and a number of unknown
metabolites were formed (Table 27).

Table 27: Agueous photolysis of [THFE]-flumioxazin — irradiated samples

Duration (days) % of the applied radioactivity

Parent Origif Area T THPA Area 3
0 100.0 n.d. n.d. n.d. n.d.
2 hours 77.3 n.d. 25.2 n.d. n.d.
5 hours 72.4 n.d. 26.6 3.7 n.d.
8 hours 69.2 n.d. 28.8 5.1 n.d.
1 545 n.d. 40.5 8.2 n.d.
2 24.1 13.7 54.1 12.1 n.d.
4 11.5 26.2 52.5 13.8 n.d.
7 10.0 33.6 40.7 20.2 n.d.
11 9.6 33.4 39.1 23.0 n.d.
17 10.9 30.9 21.2 20.5 19.4
21 13.7 40.4 14.7 15.2 19.3
26 11.6 26.3 16.0 18.4 28.5
30 8.8 35.2 6.8 13.4 35.1
n.d. = not detected
& consist of several unknown compounds
Pidentified as 482-PHO
Table 28; Aqueous photolysis of [THFE]-flumioxazin — dark control
Duration (days) % of the applied radioactivity

Parent Origin Area 1 THPA Area 3
0 100.0 n.d. n.d. n.d. n.d.
2 hours 100.9 n.d. n.d. n.d. n.d.
5 hours 102.6 n.d. n.d. n.d. n.d.
8 hours 100.7 n.d. n.d. 3.2 n.d.
1 101.9 n.d. n.d. 11.9 n.d.
2 102.6 n.d. n.d. 24.1 n.d.
4 105.2 n.d. n.d. 49.4 n.d.
7 106.1 n.d. n.d. 76.3 n.d.
11 105.6 n.d. n.d. 92.3 n.d.
17 106.4 n.d. n.d. 102.9 n.d.
21 106.7 n.d. n.d. 104.6 n.d.
26 105.8 n.d. n.d. 105.0 n.d.
30 105.5 n.d. n.d. 104.4 n.d.

n.d. = not detected

In conclusion, light slightly enhances degradatmdrilumioxazin in water at pH 5 and a different
degradation pathway is involved. A new metaboBteapidly formed via opening of the phenyl ring
and further degraded to THPA and a lot of unknowgrddation products.
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RMS Comments:

Because of a lot of unknown compounds determingHignphotolytic study, a new water/sediment
study conducted under light/dark conditions hassedmitted.

5.1.2 Biodegradation
Biodegradation of flumioxazin was examined in tbkofving studies:
a) Study on ready biodegradability (Graham, R &ekidan, D., 2011, Report No.SBM-0086)
b) Water sediment study (Ridge M.A. (1998), red&381/9-D2142)
c) Degradation of Flumioxazin in Illuminated Wateediment Systems (Shibata, A., Kodaka,
R., Fujisawa, T & Katagi, T., 2011, Report No.: SENI88)
5.1.2.1Biodegradation estimation

No estimation of biodegradation using QSAR sis lalée in the Renewal Assessment Report.

5.1.2.2Screening tests

Report: Graham, R & Alderman, D. (2011)
Flumioxazin TG: Assessment of ReadydBgradability by Measurement of CO2
Evolution
Sumitomo Chemical Co. Ltd Report N\eME0086

Guidelines: OECD No. 301 B Ready Biodegradabilkg¢pted 1981, Revised 1992)

GLP: Yes (laboratory certified by UK National Autiity)

Test materials. Flumioxazin TG, purity 99.6 %

Validity: study is valid

Conclusion: Flumioxazin is not readily biodegradgabhder the conditions of the test.

Flumioxazin (15 mg C/L) was added to duplicate e&ssontaining mineral salts medium (3 L)
inoculated with activated sludge (not previouslyokingly exposed to test substance; 30 mg
solids/L) and incubated in darkness for 28 day&?acC.

Duplicate vessels containing inoculated mineraltssahedium alone and duplicate vessels
containing inoculated mineral salts medium plusréference substance, sodium benzoate (15 mg
C/L) were incubated in the same conditions. An @alail mixture containing sodium benzoate and
flumioxazin was established to assess the poteimiigbitory effects of the test substance on the
activity of the microbial inoculum.

During incubation the evolved carbon dioxide wassueed at 2, 3, 6, 8, 10, 14, 17, 22, 27, 28 and
29 days. The amount of carbon dioxide absorbedaloff arium hydroxide trap was calculated by
titration of the remaining barium hydroxide withdrgchloric acid.

Biodegradation of sodium benzoate reached 78% aftedays and 90% after 28 days. In the
additional presence of flumioxazin, biodegradatérsodium benzoate reached 90% after 28 days,
confirming that flumioxazin was not inhibitory ttid activity of the microbial inoculum. These
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results confirm that the inoculum was viable aralteést result valid. Biodegradation of flumioxazin
was 3% at the end of the test on Day 28.

RMS comments

Flumioxazin is not readily biodegradable under ¢baditions of the test. The study is acceptable.
The results of the study are plausible.

5.1.2.3Simulation tests
Study 1:

Ridge M.A. (1998), report 1531/9-D2142, GLP, SETé&@deline
Validity: study is valid.

Degradation of Flumioxazine (phenyl or THP labellgdrity > 97 %) was studied in 2 water
sediment systems (clay loam, 8 % OC and sandy lokay, 3.6 % OC) in accordance with the
SETAC guideline (2.5 cm sediment + 6 cm water, @)° Flumioxazine was applied at a rate
equivalent to 600 g/ha. Samples were collected 04729, 60 and 98 DAT and analysed by TLC,
HPLC and LC-MS. The recovered radioactivity wagha range 88 - 103 % and was acceptable.
After 98 d, mineralization was 27 - 31 % for the Hoiety and < 9 % for the phenyl moiety.
Bound residue was 29 - 47 % for the THP moiety @d 61 % for the phenyl moiety (associated
with the humic fractions). Flumioxazine was foundsediment (max. 27 % after 7 d) and it rapidly
disappeared in both water and sediment phasesthEowhole systems, Rf were < 1.85 d and
DTgo were 25 - 69 d. Degradation occurred via hydrslysi APF (max. 58 % in water after 7 d)
and THPA (max. 63 % in water and 18 % in sedimdigr & d). These metabolites were further
degraded to C@and bound residue, and they did not persist (& &ter 98 d). A metabolite (SAT
482-HA-2) was found in small amounts in water (maxa % after 98 d) and sediment (max. 7 %
after 60 d). Two unknown transient metabolites \ctifrom the phenyl moiety were detected in
significant amount in water on day 14. U@23.8 wakedied at 21.8 % in one system and U@5.5
was detected at 17 % in the other system. Theseowrls were clearly not persistent since they
were < 3.4 % after 29 d. Despite further investayes, their chemical structure was not elucidated
but results suggest that unknowns could derive fowgradation of APF. Because of the very
transient nature of the unknowns, the lack of idieation is deemed to be acceptable as far as
ecotoxicological risk assessment can be done.

Conclusions Flumioxazine is rapidly degraded in water seditrsstems with D3y < 1.85 d and
DTgo 25 - 69 d (whole system), and temporarily foundsgdiment (max. 27 % after 7 d).
Degradation occurs via hydrolysis to APF (max. 5&%vater after 7 d) and THPA (max. 63 % in
water and 18 % in sediment after 7 d) which arentlagor degradation products. These metabolites
are further degraded to G@Qnax. 31 % THP and < 9 % phenyl after 98 d) anghdaresidue (max.

47 % THP and 61 % phenyl after 98 d). Two unknovamgient metabolites derived from the
phenyl moiety (and probably from degradation of ABFe detected in significant amount in water
(17 and 22 % on day 14). Identification is not rieggh as far as ecotoxicological risk assessment
can be done.

Table 29: Degradation of THEC flumioxazine in water sediment systems

% of applied RA

DAT Flumioxazine‘ THPA ‘ U@5.5 Unknowns‘ Bow|1dCOz ‘Recov.
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‘ Sed. | Wateﬂ Sed.| Wat(%r Setij. W#ter S43d. Mater (NE) ‘
Millstream (clay loam pH 7.4 in water and 0.01 M CaCWater pH 7.8)
0 10.3 77.7 1.1 5.6 - - - - 0.1 - 98.8
7 11.3 2.0 18.6 47.2 1.2 - - 10.p 4.4 0.R 97.0
14 16.0 1.2 12.9 49.2 2.0 - - 0.9 9.0 0.6 97.5
29 14.6 0.7 8.7 32.4 15 3.1 - 1.9 199 2|6 938.2
60 8.9 0.4 3.6 18.9 1.2 2.2 - 3.3 28|7 10.3 88.8
98 4.4 0.6 1.3 5.7 15 4.6 1.9 0.8 289 26.7 88.4
Emperor Lakdsandy clay loam pH 6.4 in water and 5.4 in 0.0C&C}, , water pH 6.3)
0 7.5 75.5 - 5.1 - - - - 0.1 - 92.4
7 10.0 2.0 6.5 62.8 0.3 - 0.5 6.5 3 0 97.4
14 4.0 2.3 135 60.4] 1.3 2.1 - 0.9 P 0)2 96.9
29 12.9 1.6 5.4 50.0 1.0 0.3 0.7 187 0{5 96.9
60 8.9 1.2 0.3 2.4 2.7 1.7 0.8 2.0 58,0 6|8 91.7
98 4.0 - - 0.7 1.9 - - - 47.Q 30.9 89.6

IMOXA < 2.7 %, 482-HA < 0.5 %, Sat-482-HA-2 < 4.6i%each phase

Table 30: Degradation of phen¥ic flumioxazine in water sediment systems

DAT % of applied RA
Flumioxazine APF U@5.5 U@23.8 Unknowns$ NE L£ORec.
Sed. | Water Sed. ‘ Water Sed. ‘ Water Sed.| Water Sed. | Wate
Millstream
0 10.7 | 62.9 24.2 - - - - - - - - 103}1
7 26.8| 2.2 5.0 420 - 1.7 - - - 9.7 3.8 - 97.6
14 174| 5.4 4.2 - 3.2 5.6 - 218 28 21 8.0 0.17.59
29 22.0 1.7 0.9 16.1 0.9 4.7 1.y 34 0{5 5.2 27.8.4 D 96.7
60 9.8 0.3 3.2 12.7 - - 0.4 - 1.7 3.8 477 . 96.8
98 5.1 0.4 2.4 4.1 - - 0.7 - 1.1 11 61.3 17  96.4
Emperor Lake
0 120| 734 - 1.7 - - - - - 5.4 0.1 - 98|1
7 9.6 2.4 - 57.7 - 5.6 - - 11.3 5.1 5.0 - 94.1
14 9.8 3.3 4.9 29 1.0 17.2 - .0 556 26.0 9.8 0.97.3
29 18.2| 148/ 04 2.8 - 2.6 2.2 6.8 23 13.3 2R.7 2 0.96.6
60 105 1.1 - 1.2 - 1.4 3.4 1.3 2.0 44  53.8 33 .79
98 5.3 - - 0.5 - 0.8 2.4 - 3.4 3.1 600 9]2 952

IMOXA < 4.1 %, 482-HA < 0.6 %, 482-CA < 1.9 %, SAB2-HA-2 < 7 % in each phase, unknowns < 7.1 % each

RMS Comments:

Study is accepted. Recalculation of kinetics dateoading to the current FOCUS guidance has
been submitted. Because two unknown transient roktied were detected, a new water/sediment
study has been performed.

Study 2:
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ReportJarvis, T. & Mamouni, A (2011b)
Recalculation of Flumioxazin sedimesatter kinetics according to FOCUS (2006)
Guidance
Sumitomo Chemical Co. Ltd Report N6BM-0084
GuidelinesFOCUS (2006)
GLP:No, not applicable to simulation modeling
Validity: study is valid
Conclusion: The whole system DT50 values were tated from DT90 (DT90/3.32) with the
geometric mean value of 21.6 days.

The rates of dissipation/degradation of flumioxafziom the existing water sediment study
previously evaluated (Ridge, 1998), were recaledlaccording to current FOCUS guidance using
Kingui 1.1 and ModelMaker 4.

Data for the THP- and phenyl-labelled flumioxaziaerestreated as true replicates and hence one set
of DTso90 Values was determined for the Millstream systenh @me for the Emperor Lake system.
Following the FOCUS kinetics (2006) recommendatighe optimised parameters and associated
statistics for SFO, FOMC and DFOP kinetics for wiele system and the water phase only (i.e. P-
| approach), are shown in Table 31. Although SF@ekcs showed acceptable fits for the water
phase of both systems, in all cases (whole systawater phase only) the best fit was shown with
DFOP kinetics (Figure3 and 6 for whole systems).

P-1l approaches were undertaken using ModelMakeFhé. results in Table 32 show that tife
error (%) value for the water phase is acceptabtethe visual fit is good (Figure 13 and 14), but
the t-test does not show significance. In contréty® error (%) value for the sediment phase is
very large and the visual fit is poor (Figure 18d4). This is partly due to the fact that mosthef
flumioxazin ultimately reaching the sediment wascadly present at the day O timepoint. The
degradation rate in both sediments is predictedetmmegative which invalidates the fit in those
systems. Overall, the full acceptance criteriatfar use of P-II results are not considered to have
been met.

Table 31: Summary of the results of the kinetiedainations for flumioxazin from water sediment
studies (P-I approach)

Parameter Millstream Emperor Lake Millstream Emperor Lake
system system water phase water phase
Model SFO SFO SFO SFO
2 error (%) 30.5 27.9 8.8 6.7
4 0.1308 0.2493 0.4877 0.4912
k (day”) *
(0.0012) (7.4 x 10% (0.0073) (1.8 x 109
DTso(day) 5.3 2.8 1.4 1.4
DTeo(day) 17.6 9.2 4.7 4.7
Model FOMC FOMC FOMC FOMC
2 error (%) 10.0 9.7 4.6 2.7
o* 0.3641 0.1721 0.5918 0.5848
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(0.0263) (0.0797) (0.2840) 8.9x%0
0.2459 1.0 x 10* 0.0319 0.0290
b* (0.3093) (0.4511) (0.4614) (0.2037)
DTs,(day) 1.4 0.006 0.07 0.1
DT (day) 137 65.2 1.5 1.5
Model DFOP DFOP DFOP DFOP
2 error (%) 5.6 9.2 4.2 1.9
1 3.3641 1.9992 2.1179 2.2762
(0.5) (0.4999) (0.5) (0.4999)
o 0.0141 0.0065 0.0268 0.0148
(0.0230) (0.0831) (0.3636) (0.1450)
0.6938 0.8482 0.9531 0.9618
o (2.6 x 10° (1.4 x 10%) (2.3 x 10% (6.6 x 10%
DTs, (day) 0.4 0.4 0.4 0.3
DT (day) 79.5 64.5 1.3 1.2

*P value from the t-test is givierbrackets.

Table 32: P-1l SFO degradation rates of flumiordmithe water and sediment phases of water
sediment systems

Standard | y° error T- test
compartment K error value (%) (o value) DegTso(day)
Water

Millstream 0.470 0.861 4.6 0.296 15
Emperor Lake 0.540 0.514 3.9 0.154 1.3

Sediment

Millstream -0.034 0.132 27.9 - -
Emperor Lake -0.080 0.131 42.3 - -

Figurel: Millstream system — SFO kinetics
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Measured & Predicted vs. Time
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Figure2: Millstream system — FOMC kinetics

Measured & Predicted vs. Time

1
—————F - ——— - —— - ——— - ———-

_——— - — =]

1
Fo—— e ————d——— —

===

i
i
I

50

LOIJE)ILE2U0D

Time
Residual Plot

e = ————

s|enpisay

Time

-95 -



Measured & Predicted vs. Time

Figure3: Millstream system — DFOP kinetics
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Measured & Predicted vs. Time

Figure5: Emperor Lake system — FOMC kinetics
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Figure7: Millstream water — SFO kinetics
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Measured & Predicted vs. Time
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Figurell: Emperor Lake water — FOMC kinetics
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As the degradation in water is clearly faster tilagediment, the P-I value for the whole system has
been used to derive the endpoint for the slowes@h@he best fit kinetics in the whole system is
DFOP and the slow phase degradation rates are D.614and 0.0065 d in Millstream and
Emperor Lake, respectively. This results in Dggalues of 49.1 and 107 days, respectively and a
geometric mean Dsp value for modelling of 72 days.

The full P-II acceptance criteria were not met. lger, flumioxazin is known to rapidly hydrolyse
at neutral pH (D3, = 19-26 hr) and hence this additional informatman be utilised to help
determine appropriate simulation endpoint valudO %inetics showed acceptable visual fits, as
judged by they? error (%) value for both the dissipation from tater phase (P-1) and the
degradation from the water (P-1l), and there wassystematic bias in the residuals. Therefore,
taking into account that hydrolysis is a known magpathway of degradation, the appropriate
DegTsp for use in modelling is considered to be an SFesaf 1.5 days. This is the DegT
calculated for Millstream and is the most conseveavalue of the SFO data for dissipation or
degradation in water in either system.

RMS Comments:

Recalculation of kinetics values followed FOCUS Eegtion Kinetics guidence. Appropriate
DegT50 for use in modelling is the best fit kinstia the whole system DFOP, DT50 values were
calculated from DT90 (DT90/3.32) with the geometmmean value of 21.6 days. As no reliable
DegT50 values have been obtained for water andanssdj the geomean whole systemspvalue

will be used for the water phase and the defadltevaf 1000 days was used for the sediment phase,
instead of 72 days (sediment) and 1.5 days (wpteposed by the Notifier. Because the Koc value
of flumioxazin is between 100 — 2000 mL/g the secapproach of the default for the water phase
and the whole system value for the sediment waseiteati

Study 4:

Report: Shibata, A., Kodaka, R., Fujisawa, T & Katd. (2011)
Degradation of Flumioxazin in llluminated Water-8ednt Systems
Sumitomo Chemical Co., Ltd. Report No.: SBM-0088

Guidelines: OECD 308 was used as a basis as thee fixed study design currently available for
illuminated conditions

GLP: No, published paper

Validity: study is valid

Test Materials: [Phenyt*C]Flumioxazin
[THR*C]Flumioxazin
Purity: [Phenyl**C]Flumioxazin: radiochemical purity >97%
[THP'C]Flumioxazin: radiochemical purity >97%
Water/sediment: Samples of sediment and associattat were collected from two sites and stored
at 4°C until use. Characteristics are shown in @ &08.4.4-6.

Table 33: Characteristics of the sediment and wated
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Characterisation Kasai pond, Calwich Abbey
Japan Lake, UK
Sediment

Particle size distribution

% Sand 14 27

% Silt 56 68

% Clay 30 5
Classification Silty clay loam Silt loam
Organic carbon 1.9 4.9
pH (H.0) 6.8 7.9

Overlying water

Suspended solids (mg/l) 42.9 16.2
pH 6.9 7.9

Two systems (Calwich Abbey Lake and Kasai Pond)evsst up containing natural sediment (2
cm) and associated water (6 cm) and suitable {ethglene glycol, alkaline) for collecting volatile
compounds. The system was gently agitated andadbkksfwere allowed to equilibrate for at least
14 days at 20°C. Vessels were illuminated (300400 0.672 MJ/fiday) for 8 hr per day and
suitable dark controls were also provided. [Phéf@lFlumioxazin or [THP*!C]flumioxazin (5.47
1g, equivalent to 600 g a.s./ha) dissolved in augtle (20 pl) was added to the water surface. The
flasks were then incubated in the illuminated ctads, or as dark controls, at 20°C for up to 30
days. Similar incubations were undertaken usinguier only.

Duplicate units were taken at 0, 1 (THP label an8)7, 14, and 30 days for the water sediment
systems, or at 0, 0.04, 0.17 (both Calwich Abbeielanly), 0.25, 0.5 (Calwich Abbey Lake only),
0.67 (Kasai Pond only), 1 3, 7, 14 and 30 days$Hemwater only systems.

Water was separated from sediment. Overlying wates directly analysed by HPLC. Sediment
samples were extracted with acetone: water (5:1Lamd then acetone: 0.1 M HCI (9:1 v/v). These
sediment extracts were concentrated and analysddPhyC. Metabolites were identified by co-
chromatography with authentic standards. Unextbdetssoil residues were determined by
combustion/LSC.

The mean results from the duplicate applicatioesshown in Tables 34 to 38. 482-HA, THPA and
APF were present in both illuminated and dark systevhereas 482-PHO and PHO-HA were only
found in illuminated systems, confirming that these photolysis metabolites. Both compounds
exceeded 10% in at least one of the two systenmesuKhown fractions in "others" exceeded neither
10%AR nor >5% AR in at least two sequential measergs in the water-sediment systems. In the
natural water system there were several unknovwatidras in "others", but none exceeded 9.1% AR
(Tables 37 to 38).

The following compound codes are used:
482-HA=N-[7-fluoro-3-oxo0-4-(2-propynyl)-Bi-1,4-benzoxazin-6-yl]-3,4,5,6-tetrahydrophthalamic
acid

THPA = 3,4,5,6-tetrahydrophthalic acid

APF = 6-amino-7-fluoro-4-(2-propynyl)F21,4-benzoxazin-3)-one

482-PHO =N-(2-propynyl)-4-[4-carboxy-3-fluoro-2-(3,4,5,6-tatrydrophthalimido)-2-
butenylidene]azetidine-2-one
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PHO-HA =N-(2-propynyl)-4-[4-carboxy-3-fluoro-2-(2-carboxy€yclohexencarbonylamino)-2-
butenylidene]azetidine-2-one

Table 34: Distribution of radioactivity followinapcubation of [THP=C]Flumioxazin in Kasai

Pond water sediment system

Compounds lllumination Darkness
Oday| lday] 3day 7day dlz:y ;’;y Oday| lday| 3day 7day dlz:y j;y
Volatiles (CQ) na nd 0.3 4.2 8.3 24.( nal nd 0.1 11 42 8.3
Water phase
Flumioxazin 87.1 545 23.2 34 1.1 ng 94(8 53. 911. 9.9 3.5 0.5
482-HA 3.3 14.3 17.2 5.3 nd nd 3.8 21 55.9 27.26.5 15.5
THPA nd 5.6 10.9 9.4 54 nd nd 3.9 6.4 7.5 10.3 8.7
482-PHO nd 2.6 5.4 10.2 2.6 nd ng ngl nd nd nd nd
PHO-HA nd 0.5 3.3 9.8 2.7 1.7 nd nd nd ngl nd nd
Other unknowns nd 11 0.7 2.6 0.8 nd nd 0 nd 1.33.2 2.4
Sediment phase
Flumioxazin 7.1 15.5 18.7 9.8 5.0 5.7 na 14. 12.96.4 8.3 6.7
482-HA nd 2.0 4.4 4.0 5.9 1.8 na 1. 7.3 716 154 .5 €
THPA nd nd 0.6 0.9 nd 1.2 na nd ng na nd 2|5
482-PHO nd nd 0.7 2.0 2.0 nd na n nd nd nd nd
PHO-HA nd nd nd 0.3 0.9 0.2 na nd nd ngl nd nd
Other unknowns 0.3 nd 0.4 4.( 3.7 1.0 ng 1 md 2.3nd 1.2
Bound residues 0.6 4.0 13.8 27)0 53. 48.0 0.1 0.04.1 20.3 25.0 36.9
TOTAL 98.3 | 100.6| 99.9 92.9 92.( 90.6 100.0 98. 999. 94.1 96.4 86.2

nd = not detected, na = not analysed

Table 35: Distribution of radioactivity followinapcubation of [phenyt*C] Flumioxazin in Kasai

Pond water sediment system
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nd = not detected, na = not analysed

Compounds lllumination Darkness
Oday| 3day| 7 day dl:y j;y Oday| 3day| 7 day d1:y ;’;y
Volatiles (CQ) na 1.7 7.4 8.8 24.5 na 0.3 0.] 11 215
Water phase
Flumioxazin 91.6 9.1 2.6 nd nd 91.6 306 10. 27 d n
482-HA 2.3 27.9 6.1 nd nd 2.3 17.8 23 33.9 3.7
APF nd 1.2 0.8 nd nd nd 4.9 2.5 ng 0.7
482-PHO nd 9.4 7.2 1.7 nd nd ng ng ng nd
PHO-HA nd 11.1 17.4 6.7 nd nd nd na na ng
Other unknownsg 1.4 5.4 8.9 219 3.8 14 3|6 1. 1.0nd
Sediment phase
Flumioxazin 2.0 134 8.4 4.2 3.6 2. 8.5 16| 13.516.9
482-HA nd 4.9 3.8 2.9 21 nd 18.6 10 10.5 56
APF nd 0.9 2.5 2.0 nd nd 1.1 2.6 3.8 31
482-PHO nd 1.2 14 nd 0.7 nd ng ng ng nd
PHO-HA nd nd 0.3 nd 0.2 nd nd nd ng na
Other unknowns nd 1.9 4.1 5.7 6.6 na 18 3 36 8 2.
Bound residues 0.1 11.8 2407 35|6 558.3 0.1 14.4 .6 26 30.3 61.4
TOTAL 97.4 99.8 95.6 89.6 96.4 97.4 1040 98. 99.996.6

Table 36: Distribution of radioactivity followinoneubation of [THP*C]Flumioxazin in Calwich

Abbey Lake water sediment system

Compounds lllumination Darkness
Oday| lday| 3day 7day dlz:ry ;’;y Oday| lday| 3day 7day dlz:ry j;y
Volatiles (CQ) na nd 0.4 2.1 7.2 7.5 na nd 0.1 0.3 110 7.8
Water phase
Flumioxazin | 86.0| 11| nd| nd| ndl nd 8o 0b 12 18 d § nd
482-HA 6.4 60.9| 30.1 6.4 1.9 0.8 6.4 75(8  76. 64.248.1 | 33.9
THPA nd 29 15.9| 28.8 23.d 7.9 nd na 0.9 3|0 3.4 nd
482-PHO nd nd nd nd nd nd nd Nng na ngd nd nd
PHO-HA nd 9.9 11.6 7.0 1.7 nd nd nd ng nd nd I
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Otherunknowns nd| 45| 135 140 12)8 87 nfd 44 4231 | 15| 74
Sediment phase
Flumioxazin 2.2 2.3 2.1 1.8 1.2 nd 2.2 1.8 0,8 31173 6.5
482-HA nd 9.9 12.3 5.8 nd 2.4 nd 112 12,8 139 718.204
THPA nd nd 0.5 2.0 6.6 4.5 nd nd nd 0.p 1)0

482-PHO nd nd nd nd nd nd nd Nng nd nd nd f
PHO-HA nd 11 1.8 1.7 6.2 nd nd nd ng na ngd n

Other unknowng nd 1.4 3.1 5.1 2.9 8.7 nd 019 14 3 2. 31 3.5
Bound residues 0.1 1.7 6.2 1609 262 40.4 Q.1 D.71.1 3.0 10.0| 15.8
TOTAL 97.7 | 956 | 975 925  89.8 80.8 976 958 9850 | 94.1| 95.6

nd = not detected, na = not analysed

Table 37Distribution of radioactivity following incubatioof [THP-**C]Flumioxazin in Kasai

Pond natural water system

Compounds 0 day 0.25dgy 0.67 day 1 day 3 day 7 dayl4 day 30 day
llluminated
Volatiles (CQ) na na na nd 0.1 0.8 1.9 14.8
Flumioxazin 94.8 45.6 21.4 6.6 1.8 nd nd nd
482-HA 6.1 447 63.8 80.3 40.9 7.9 nd nd
THPA nd 1.2 24 1.3 6.9 24.2 37.6 59.1
482-PHO nd 0.5 0.4 1.7 7.4 11.0 11.0 3.2
PHO-HA nd 4.2 7.6 10.0 35.3 50.8 37.6 15.2
Other unknowns nd nd 0.1 0.6 6.9 5.4 9.2 8.3
TOTAL 101.3 96.5 98.1 100.8 99.5 100.4 97.6 10113
Darkness
Volatiles (CQ) na na na nd nd nd 0.1 0.1
Flumioxazin 94.8 59.9 29.6 7.0 21 1.4 2.5 0.9
482-HA 6.1 36.6 68.1 89.9 93.9 89.0 76.1 61.0
THPA nd nd nd 1.3 4.3 10.2 21.6 35.9
482-PHO nd nd nd nd nd nd nd nd
PHO-HA nd nd nd nd nd nd nd nd
Other unknownsg nd 0.5 0.3 1.7 1.2 1.2 1.9 2.2
TOTAL 101.3 97.3 98.4 100.3 102.0 102.1 1023 100.4

nd = not detected, na = not analysed
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Table 38Distribution of radioactivity following incubatioaf [THP-**C]Flumioxazin in Calwich
Abbey Lake natural water system

Compounds 0 day %2; %;’; %;5 0.5day| 1day| 3day 7 day 14 day 30 day
llluminated
Volatiles (CQ) na na na na na nd 0.1 0.4 2.9 9.0
Flumioxazin 92.7 62.3 15.7 6.2 nd nd nd nd ndl ng
482-HA 4.8 38.6 77.2 824 73.7 67.3 44.7 4.5 nd nd
THPA nd 0.0 0.7 1.0 31 3.3 11.4 241 57.4 46|19
482-PHO nd nd nd nd Nd- nd nd 2.1 nd 0.8
PHO-HA nd 0.0 5.9 11.5 20.5 14.8 33.9 485 187 nd
Other unknowns 0.4 0.4 1.0 1.8 1.8 10.6 7.0 153 915 349
TOTAL 98.3 101.6 101.7 103.2 99.5 96.7 97.9 95|7 .695 924
Darkness
Volatiles (CQ) na na na na na nd nd nd nd 0.6
Flumioxazin 92.7 46.6 19.0 9.7 na nd nd Nng na nd
482-HA 4.8 51.6 80.7 95.6 na 93.( 91.0 867 86.8 .772
THPA nd nd nd nd na nd nd 11 3.3 10.8
482-PHO nd nd nd nd na nd nd nd nd ng
PHO-HA nd nd nd nd na nd nd nd nd nd
Other unknownsg 0.4 0.4 0.8 0.3 nal 3.5 5.6 5.4 318 .0 8
TOTAL 98.3 99.0 100.8 106.1 na 97.2 97.8 948 95.7 93.7

nd = not detected, na = not analysed

Mean mass balances were 80.9-106.1% at each timepaill incubation groups.

First order kinetics were considered to be accéptabd D90 values are shown in Tables 39 to
41. Overall, degradation of all compounds was rapith CO, and bound residues accounting for
>48% of the recovered radioactivity after 30 daysliminated water/sediment systems.
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Table 39: First Order Dissipation and degradatairg of flumioxazin in water sediment systems

Location System [llumination Darkness
DTs DT 2 error DTx DT ¥Z error
(day) (day) (%) (day) (day) (%)
Natural water | 5 0.9 6.6 0.4 1.2 9.5
only
. Overlying
Kasai ;
Pond/THP water in w/s 1.5 5.1 1.2 1.1 3.8 10.3
system
Total w/s 2.6 8.5 5.6 23 7.6 21.3
system
Overlying
water in w/s 0.9 3.1 3.3 2.1 6.9 4.2
Kasai system
Pond/Phenyl
Total w/s 1.6 5.3 11.9 36 11.9 21.4
system
Natural water| -~ | 0.2 2.2 0.1 0.2 12.8
only
Calwich Overlying
Abbey water in w/s 0.2 0.5 0.0 0.2 0.5 3.9
Lake/THP system
Total wis 0.2 0.7 5.7 0.2 0.7 19.3
system

Table 40:_First Order D5 values of flumioxazin metabolites in water seditr@rstems under

illumination
Location System Flumioxazin THPA APF 482-PHO + 2
+482-HA PHO-HA
Natural water only, 2.7 38.4 na 12.4 0.986
Kasai Overlying water
Pond/THP in w/s system 2.2 0.6 na 102 0.972
Total w/s system 4.0 1.1 na 7.1 0.985
Overlying water
Kasai in wis system 2.1 na 0.1 4.9 0.994
Pond/Phenyl
Total w/s system 3.4 na 0.6 3.2 0.992
Calwich Natural water only, 2.3 18.2 na 25 0.977
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Abbey Overlying water
Lake/THP in w/s system 2.1 2.1 na 1.8 0.921
Total w/s system 3.0 4.3 na 2.3 0.962

Table 41 First Order Dsf values of flumioxazin metabolites in water seditr@rstems in darkness

Location System Flumioxazin | 482-HA THPA APF r’
Natural water only, 0.4 38.7 87.5 na 0.991
Kasai Overlying water
Pond/THP in w/s system 1.4 35 0.7 na 0.883
Total w/s system 2.2 7.2 15 na 0.863
Overlying water
Kasai in wis system 25 2.4 na 0.3 0.834
Pond/Phenyl
Total w/s system 3.7 6.4 na 0.8 0.874
Natural water only, 0.1 62.4 5.6 na 0.858
Calwich Overlying water
Abbey > w/é Sg o 03 16.0 05 na 0.986
Lake/THP y
Total w/s system 0.2 35.0 1.3 na 0.993

The degradation rate of flumioxazin in water in #iesence and presence of sediment, or in
light or dark conditions, is largely unaffecteddicating that sediment or light makes an
insignificant contribution to dissipation/degradati(in comparison to hydrolysis). However
the degradation profiles were greatly dependenrigb, with 482-PHO and PHO-HA being
only found in illuminated conditions. The presenéesediment decreased the amounts of all
metabolites (482-HA, THPA, 482-PHO and PHO-HA) feam THPA degraded much faster
in the presence of sediment, whilst 482-HA degrachedh faster in the presence of light.
Overall, degradation of all compounds was rapidhwdO, and bound residues accounting
for >48% of the recovered radioactivity after 30 daysliitminated water/sediment systems.

RMS Comments:

Study is accepted. Total recovery was low at one tpoint (30 Days) in illuminated Calwich
Abbey Lake water sediment system (80.9% AR) and dkasai Pond water sediment system
(86.2% AR).
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5.1.3 Summary and discussion of degradation

Flumioxazin is rapidly hydrolysed at pH 5-9 (DT505.2 days at 25 °C). 482-HA is the first
metabolite formed and this then further degradeBHBA and APF, due to sequential cleavage of
the amide bonds. Soml-TPA is subsequently formed as a result of theliegum with THPA.
Aqueous photolysis studies have been conducted koth phenyl- and tetrahydrophtalimido-
labelled flumioxazin. Photolytic degradation wapidawith DT50 values in the order of 1 day. 482-
PHO (max. 74.6% AR) and THPA (max. 23.0% AR) wedentified as major photolytic
degradation products. In addition, unknown peakeevpgesent at >10% (max. 35.1% and 16.8%
AR). A significant amount of radioactivity (max. 8%) remained at the origin but was shown to
consist of a number of different peaks. In biotiater/sediment systems at 20°C flumioxazin (both
phenyl- and tetrahydrophtalimido- labelled) degthdaickly with whole system DT50 <1.85 days
and DT90 25-69 days. Non-extractable residues ezhelverages of 38-61% and mineralisation
reached averages of 5-29% after 98 days. The nmgehdHPA (+A1-TPA) reached 62.8% AR
after 14 days in water phase, 18.6 % AR in sediraftat 7 days. A metabolite APF reached 57.7%
AR after 7 days. A metabolite (SAT 482-HA-2) wasirid in small amounts in water (max. 5.6 %
after 98 d) and sediment (max. 7 % after 60 d). Me¢abolite SAT-482-HA-2 also reached 20.6%
AR in an anaerobic aquatic system, in the totalesys Metabolites 482-HA, 482-CA and IMOXA
were all identified, but at <5% AR as the averafighe TLC and HPLC results. Two transient
unknown compounds, Unk 23.8 and Unk 5.5, were dadnd >10% in one system at one
timepoint but could not be identified despite esiea effort. Previous EU evaluation (7470/V1/98
rev 9) confirmed that these did not require idécdifon since ecotoxicological risk assessment
could be undertaken in the absence of identificatigletabolites requiring risk assessment in
aquatic compartments were deemed to be; 482-HA ATatl APF.

The additional data submitted in the current dessenfirm that flumioxazin is not readily
biodegradable within the terms of OECD 301.

The available water sediment studies have beensesssd using FOCUS (2006) kinetics

approaches (Jarvis & Mamouni, 2011b). The bedirietics in the whole system is DFOP, DT50

values were calculated from DT90 (DT90/3.32) whik ggeometric mean value of 21.6 days. As no
reliable DegT50 values have been obtained for water sediment, the geomean whole system
DT50 value was used for the water phase and theutiefalue of 1000 days was used for the

sediment phase (and the reverse), instead of 72 @agiment) and 1.5 days (water) proposed by
the Applicant.

Since the previous photolysis and water/sedimertiess contained unknown metabolites at >10%,
and because the rapid hydrolysis and photolysiuafioxazin results in uncertainties regarding
which metabolites may be formed under realisticdtiions, a further sediment/water study under
illuminated conditions has been submitted (Shiledtal, 2011). In this study all major metabolites
formed have been identified and hence this direadigressed the unknown peaks from the original
photolysis and water sediment studies. PHO-HA wlastified in the new study and this was not
identified in the previous photolysis study. Thevre&udy includes the biotic degradation processes
of a water sediment/system and the photolytic diggran processes of an aqueous photolysis study
and hence is considered more realistic of the ahtemvironment than either of these studies
separately. In this study the maximum levels ofabelites 482-HA, THPA, APF, 482-PHO and
PHO-HA were 95.6%, 57.4%, 6%, 12.2% and 50.8% &@smdy. The metabolite 482-HA reached
max. 20.4 % in sediment.
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The calculation of PECsw and PECsed for the meitasobf flumioxazin will be based on
maximum percentage formed based on the entireatatast just values from the new illuminated
study as was proposed by the Notifier. Also, desBiAT-482-HA-2 not being found in the new
study, it has been included in the residue dedinifor risk assessment based on its presence in the
original anaerobic aquatic study (Archer et al9@)9at 20.6%. All of these metabolites have been
shown to degrade rapidly in illuminated water/seshinsystems, with the exception of SAT-482-
HA-2. SAT-482-HA-2 appears to have been previodslyned only from 482-HA and this has
been shown to degrade predominantly to THPA and &PfRe new illuminated water sediment
study.

Figure 15: _Proposed aquatic degradation rout&$uohioxazin in natural conditions

482-PHO
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5.2 Environmental distribution

Environmental distribution of flumioxazin was detened in batch sorption study, for the soil
compartment, and in water/sediment study. Fomtheompartment the distribution was estimated
on the basis of saturated vapour pressure valuélandy’s law constant.

5.2.1 Adsorption/Desorption

Study 1 (EU monograph, 1997):

Guideline : Draft OECD screening method. Study grenied in compliance with GLP. The study is
valid.

Cross reference : 11A.7.1.2/01, McKay, 1994c

Due to the high susceptibility of flumioxazin to diglysis, the soil adsorption-desorption
coefficient (log K,) was determined by high performance liquid chragetphy (HPLC) method.

Flumioxazin was dissolved in a mobile phase - metha0.01 M citrate buffer at pH 6.0 (55 : 45
% v/v) - and injected onto a hypersil 10 p ODS 55B5, 25 cm x 4.6 mm column and the
retention time was determined four times at twocemtrations (0.08 and 0.8 mg/ml). A total of
seventeen reference compounds (benzamide, naphtatéluraline ...) of known soil adsorption
coefficients (log Koc = 1.26, 2.75, 3.94 ...) wesed to calibrate the column for the soil adsorptio
coefficient against the capacity factor (log K).riamide was used as a non-retained reference
standard. The soil adsorption-desorption coefficieh flumioxazin was determined from the
calibration graph derived from the reference steagla

The mean retention time for flumioxazin was 5.13nm{5.10-5.15). The mean adsorption-
desorption coefficient (log &) of flumioxazin was found to be 3.15 (95 % confide range of
2.88-3.46). The corresponding mean value of Kdelik2 (range 758 - 2884).

On that basis, flumioxazin is expected to have pomtential for mobility.

Study 2 (Addendum, 2000): Lewis C.J. (1999), red®81/10-D2142, GLP, based on OECD
guideline 106 (May 1981), acceptable.

Methods: Samples (5 g) of 3 soil types were equaitdd with 10 ml 0.01 M Cagfor 24 h at 20° C
before centrifugation. Supernatants were discaated! replaced by 20 ml 0.01 M CaCénd a
small volume (17.5 pl) of stock solution of pheM@ flumioxazine (> 98 % radiochemical purity)
prepared in acetonitrile was added to each sanoptgve a concentration of 0.5 mg/L. Samples
were removed after 4 and 24 h and centrifuged. iBagents were acidified (to increase the stability
of flumioxazine) and analysed by LSC and HPLC anghme day. Concentrations of flumioxazine
in the liquid phase were calculated. Soils wereaexéd with acetone-water and then with acetone-
0.1N HCI. Extracts were analysed by LSC and HPL@, @ncentrations of flumioazine on the soll
phase were calculated taking into account waterosnding the soil after removal of the
supernatant. Extracted soils were combusted. Atisarpf RA on flasks was checked.

Table 42: Soil characteristics

Soil type (origin) Sandy loam | (UK) Sandy loam(UK) Clay (UK)

Texture sand (%) 51 74 36
silt (2-63 pm) (%) 38 13 28
clay (%) 11 13 36

OC (%) 25 1.3 1.8

pH water / 1M KCI 7.1/6.8 55/4.8 6.3/5.3

CEC mEQg/100 g 16.3 8.8 15.8
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Table 43: Adsorption of flumioxazine on soil

% of applied RA (mean of 2 repl.) Cw Cs Kd Kog
W (flumio) Soil | Bound| Recov} (ug/ml) | (ug/g)
Sandy loam| 4h 19.4 (15.7) 74.3 0.7 94{3  0.0803.431 17.9 716

24h | 23.1(10.7) 68.5 1.8 93.3 0.0544 1.387 246 839

Sandy loam Il 4h 26.6 (24.7 67.( 0.6 9412  0.12491.285 10.3 791
24h| 23.5(20.3) 65.9 2.4 91.7 0.1033 1.270 123 459

Clay 4h | 28.0(25.7) 66.1 04| 945 01312 1.280 9l4 521
24h| 251(18.3)| 657 3.0/ 938 0.0940 1250 133 39 7

Results: RA was not adsorbed on flasks and recevevere acceptable. RA in water was in the
range 19.4 - 28.0 % of that applied and showeld lthange with time. Flumioxazine was 46.3 -

92.8 % (mean 78.5 %) of the RA in water and comaéions decreased with time. Several

degradation products were detected in water bug wet identified. In accordance with degradation
studies, they accounted for low proportions of dpelied RA (1.9 - 12.4 %, mean 5.0 %). RA on

soil was 66.1 - 74.3 % as flumioxazine (no metdbslivere detected) and it showed little change
with time. Unextractable RA was negligible (< 3 %)umioxazine was strongly adsorbed on soil

with Kd in the range 10.3 - 17.9 after 4 h and 1:223.6 after 24 h. Koc values were calculated to
be 521 - 791 (mean 676) after 4 h and they incteageto 739 - 983 (mean 889) after 24 h.

Adsorption was higher in the soil with the high@€ content but it did not depend on soil pH.

Conclusions Flumioxazine is strongly adsorbed on 3 UK so®C(1.3 - 2.5 %, pHw 5.5 - 7.1)
with Kd in the range 12.3 - 24.6 and Koc in thega?39 - 983 (mean 889) for a 24 h equilibrium
period. Because flumioxazine is not stable in waaeilsorption measurement requires qualitative
analysis of both water and soil phases and thusatites were determined for only one high initial
concentration (0.5 mg/l, close to half of waterubdity) for analytical reasons. However,
adsorption is deemed to be sufficiently characterikecause the provided data are likely to cover
adsorption at lower concentrations which is expetbebe more important (for neutral compounds
adsorption isotherms are usually not linear - 1/h).<Results are in accordance with the estimated
Koc value of 1412 mL/g (CI 758-2884). They confitne low mobility of flumioxazine in soil and
the low risk for ground water contamination.

RMS Comments:
Three soil types have been tested but 4 soil thpes to be tested according to a current EC
regulation. These data were considered sufficianng the previous EU evaluation.

The adsorption and desorption of the active substavas conducted under OECD guideline 106
(May 1981). The main deviations from the curreniGIEguideline 106 (2000) are:

« Test soils do not fit guideline soils. Selectiorsofls from seven soil types with defined
pH, %0C, % clay, and soil texture are preferredoibtypes are specified for
screening test versus 3 tested.

- Only one concentration of flumioxazin was testetlithe five recommended test
substance concentrations. Freundlich adsorptidhesms were not determined.
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Because of only three soil types tested (data gaprfe soil type), the lowest Koc value of 739
mL/g together with the Frendlich exponent of 1.0 & used for the risk assessment.

5.2.2 Volatilisation

Flumioxazin is not a fumigant. Its vapour pressigr@.21 x 10" Pa at 22° C and the Henry law
constant value is 1.45 x T@Pa nf mor*. Normal use of flumioxazin is not expected to fesu
significant concentrations in air. On that basitedaination of the rate and route of degradation in
air is not required.

Assuming a 12-h daytime hydroxyl radical conceiarabf 6 x 16 molecules.cri, the half-life
was to be 5.84 hours.

Data/information to address this point were presgnh the dossier submitted in 1994 for first
inclusion in Annex | and were deemed acceptableviohg evaluation and peer review at EU level.
No new data are presented.

RMS comments: According to FOCUS Air report (docam8ANCO/10553/2006 Rev 2 June
2008) flumioxazin has the potencial to reach thevpi >10* Pa. Short range transport via Step 4
atmospheric deposition into surface water is nouired because mitigation measures are not
needed. Flumioxazin has no potencial for long rargesport (DT50 < 2 days).

RMS made a request in the June 2013 reporting :tab(@2) Vol. 3, B.2.1.19, Atkinson
calculation: RMS will prefer an update of calculation even # thew value is below the trigger 2
days for long-range transport'Therefore the notifier has repeated the calculatamd report SBP-
0062 is available, which gives a half-life of 2126urs using the AOPWIN v1.92 model. This report
will be submitted to ECHA during the public commengtperiod, according to the procedure.

5.2.3 Distribution modelling

Not performed

5.3 Aquatic Bioaccumulation

Table 22: Summary of relevant information on aquatc bioaccumulation

Method Results Remarks Reference
Not applicable No experimental data are Not applicable Not applicable
available.

5.3.1 Aquatic bioaccumulation

5.3.1.1Bioaccumulation estimation

The octanol-water partition coefficient (log Pow)lamioxazin is 2.55 at 20°C. The flumioxazin is
also rapidly hydrolysed in aqueous solution (RB-5 days, 19 - 26 hours and 14 - 23 minutes at
pH 5, 7 and 9, respectively). The 3 major hydralygtegradation products : 482-HA : 7-fluoro-6-
[(2-carboxyl-1-cyclohexenoyl)amino]-4-(2-propynyl)4-benzoxazin-3-(2)- one, APF : 6-amino-
7-fluoro-4 -(2-propynyl)-1,4-benzoxazin-3H2-one and THPA : 3, 4, 5, 6-tetrahydrophthalic acid
have calculated log Pow values of 0.804, 0.127 @B& respectively. These data indicate that
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flumioxazin and its major hydrolytic degradatiorog@ucts are unlikely to partition into fatty tissues
and, therefore, it is considered unnecessary tdwra bioaccumulation study in fish.

5.3.1.2Measured bioaccumulation data

No experimental data are available.

5.3.2 Summary and discussion of aquatic bioaccumulation

The data available indicate that flumioxazin argl mtajor hydrolytic degradation products are
considered to have a low bioaccumulation potential.

5.4 Aquatic toxicity

Table 23: Summary of relevant information on aquatc toxicity

Method Test organism | Test Results Remarks | Reference
system Endpoint LCs/ECs | NOEC
[mg/L] [mg/L]

EPA72-1 | Oncorhynchus | Flow- mortality 2.3 0.92 mm Takimotoet

mykiss through al., 1989b
96 h

EPA72-1 | Lepomis Flow- mortality >21 3.9 mm Takimotoet

macrochirus through al., 1989a
96 h

OECD 204 | Oncorhynchus | Flow- weight >1.2 0.37 mm Swordet
mykiss through reduction al., 1992

21d
EPA 72-2 | Daphnia magna| Flow- immobilization| 5.9 8.54 mm Reedet al.,
through 1992
48 h

EPA72-4 | Daphnia magna| Flow- reproduction - 0.057 mm Drottaret
through al., 1994
21d

OECD 211 | Daphnia magna| Semi-static | growth - 0.1 nom Cafarella,

21d reduction 2000

ASTM E Chironomus Static emergence, - 0.73 im Mattock D.

1398-94 riparius 23d survival (mg a.s./kg (1997)

sediment)

OECD 201 | Pseudokirchne-| Static cell number 0.000852 | 0.000383 im Blasberget
riella 72 h inhibition al., 1992
subcapitata

EPA 122-2,| Navicula Static cell number 0.0015 < 0.000042 im Hoberg,

123-2 pelliculosa 120 h inhibition 1996a

EPA 122-2, | Lemna gibba Semi-static | biomass 0.00035 0.000051| im Hoberg,

123-2 14d reduction 1996b

mm — mean measured concentration

im — initial measured concentration

nom — nominal concentration
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5.4.1 Fish

5.4.1.1Short-term toxicity to fish

Acute toxicity to blueqill sunfish

Reference: Takimoto Y., Hagino S., Saito S. (1988#&)dy number SBW-90-0002 - OLD STUDY
(DAR 1997, Addendum 2000)

Test guideline: FIFRA, Subdivision E 72-1

GLP compliance: yes

Test item: S-53482 (purity 94.8%)

Lot No./Batch No.: PYG-89021-M

The acute toxicity of flumioxazin to bluegill susfi Lepomis macrochiryshas been determined
over 96 hours in a flow-through system at a tentpegaof 22 °C.

Groups of ten fish were exposed to various conagaftrs of flumioxazin, as a solution in N,N-
dimethylformamide and polyoxyethylene hydrogenatadtor oil, diluted in distilled water. A
control group of fish was exposed to the solvethicies alone. Dissolved oxygen, pH, temperature
and test solution concentrations were measuredgafiar intervals throughout the study. The fish
were observed for mortalities and symptoms of tioxefter 24, 48, 72 and 96 hours of exposure.

Due to low solubility of the a.s., testing was penfied using a suspension in a mixture of 50%
DMF and 50% polyoxyethylene hydrogenated castoi(ldfO-40). The solvent concentration in
water for all test and control groups was 3.2 iggl, 32-fold higher than the acceptable level (100
mg/l). Mean measured concentrations were in thgad&?-70% of nominal (nominal test values:
3.2, 5.6, 10, 18 and 32 mg/l), therefore the resalé based on mean measured concentrations. The
dissolved oxygen concentration in the water wasitgrethan 7.26 mg/l at all times and the pH
values were in the range 7.06 - 7.44.

There were no mortalities in any of the groups ulgfeut the study. Symptoms of toxicity were
seen in fish exposed to concentrations of 6.3 leugdl above. These symptoms included abnormal
respiration and swimming at the surface. It waschated that the 24, 48, 72 and 96 houid<Cof
flumioxazin to bluegill sunfish were all greaterath 21 mg/l. The "no-effect” concentration
determined in this study was 3.9 mg/I.

RMS Comment (DAR 1997)

Study conducted in compliance with GLP. The stuglyalid. The flumioxazin is of slight acute
toxicity to bluegill sunfish.

RMS Comment (Addendum 2000)

It is agreed by the Rapporteur that very high cotreéions of solvent were used in an unsuccesful
attempt to overcome the intrinsic low solubility tife substance (1.79 mg/l). However, a) no
mortality was observed in both solvent and watertrats, whatever the dose, and b) there is no
reason to assume that a lower level of solventdclaald to a higher toxicity of the compound.
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RMS Comment (2012)

The reported study is GLP compliant and was cortliatcording to FIFRA 72-1 guideline. The
test results are in compliance with the guidelineddidity criteria. The study is acceptable for
regulatory use.

Acute toxicity to rainbow trout

Reference: Takimoto Y., Hagino S., Saito S. (1989)dy number SBW-90-0001- OLD STUDY
(DAR 1997)

Test guideline: FIFRA, Subdivision E 72-1

GLP compliance: yes

Test item: S-53482 (purity 94.8%)

Lot No./Batch No.: PYG-89021-M

The acute toxicity of flumioxazin to rainbow tro(®ncorhynchus mykisdas been determined
over 96 hours in a flow-through system at a tentpegaof 13 °C.

Groups of ten fish were exposed to various conagatrs of flumioxazin, as a solution in N,N-
dimethylformamide and polyoxyethylene hydrogenatadtor oil, diluted in distilled water. A
control group of fish was exposed to the solvethicies alone. Dissolved oxygen, pH, temperature
and test solution concentrations were measuredgatiar intervals throughout the study. The fish
were observed for mortalities and symptoms of tibxiafter 24, 48, 72 and 96 hour kg values
were calculated by probit analysis.

The mean measured concentrations for the testi@atutvere in the range of 91 - 111 % of the
nominal concentrations. The dissolved oxygen camataon in the water was greater than 8.3 mg/I
at all times and the pH values were in the ran@e 7.3. The water temperatures were in the range
12.6 - 12.9 °C. Mortalities and symptoms of toxicitere seen in fish exposed to concentrations of
2.0 mg/l and above. The symptoms of toxicity inelddgwimming at the surface, swimming at the
bottom of the tank, loss of equilibrium and letharghe highest concentration causing no
mortalities was 0.92 mg/l and the lowest concemmnatausing 100 % mortalities was 5.4 mg/I.
There were no mortalities or symptoms of toxicitythe solvent control group. The 24, 48 and 72
hour LGg's of flumioxazin to rainbow trout are 2.9 — 5.4/hand 96 hour LG is 2.3 mg/l, based
on mean measured concentration. The 96 hour "mmtffconcentration for flumioxazin
determined in this study was 0.92 mg/l, based cammeeasured concentration.

RMS Comment (DAR 1997)

Study conducted in compliance with GLP. The stiglyalid. The flumioxazin is of moderate acute
toxicity to rainbow trout.

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to FIFRA 72-1 guideline.
The test results are in compliance with the guied validity criteria. The study is acceptable for
regulatory use.
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5.4.1.2Long-term toxicity to fish
Chronic toxicity test on juvenile fish rainbow trout

Reference: Sword M. @t al.(1992), Study number SBW-21-0009 - OLD STUDY (DAS97)
Test guideline: OECD 204

GLP compliance: yes

Test item: S-53482 (purity 94.3%)

Lot No./Batch No.: PYG-89021-M

The chronic toxicity of flumioxazin to rainbow tro{Oncorhynchus mykisias been determined
over 21 days in a flow-through system at a tempeeabf approximately 15-16°C with a 16 : 8-
hour light-dark cycle.

Groups of twenty fish were exposed to various cotregions of flumioxazin, as aqueous dilutions
of a solution in dimethylformamide (DMF). The contmtions of flumioxazin in the test solutions,
temperature, dissolved oxygen and pH were measunegyular intervals throughout the study. The
fish were observed for mortalities and symptomsosifcity at various time intervals and the 4,C
values were calculated by the method of Stephaa.l@igths and weights of fish surviving to the
end of the study were recorded and compared wilcontrol values.

The mean concentrations of the stock solutions 9886 of the nominal concentration and the
mean measured concentrations of the diluted solsitisere in the range of 60 - 80 % of the
nominal concentrations. Therefore the results aaseth on mean measured concentrations.
Dissolved oxygen concentration were in the rangeB.&f - 9.5 mg/l (representing 91 - 98%
saturation, respectively) and the pH of the sohdiocanged from 7.9 - 8.3. There were no
mortalities in fish exposed to flumioxazin at contcations of up to 0.37 mg/l. There were 10, 10
and 60 % cumulative mortality in the groups expagefiumioxazin at concentrations for 0.61, 1.2
and 2.4 mgl/l, respectively. Fish exposed to coma&ans of 0.61 mg/l and above exhibited reduced
food consumption. The most common signs of toxiamgre surfacing, loss of equilibrium, dark
discoloration, fish on the bottom of the test chambaboured respiration, vertical orientation,
erratic swimming and/or quiescence. There was ndatity or abnormal effects in the negative
control, solvent control or groups exposed to floxaizin at concentrations of 0.20 and 0.347 mg/I.
Statistical analysis indicated no significant regut in survival in groups exposed to flumioxazin
at concentrations of up to 1.2 mg/l. There wasadissically significant reduction in the mean
weights of fish surviving to 21 days which were eged to concentrations of 0.61 and 1.2 mg/l
when compared to the pooled control groups. Thestiold level for observed effects was 0.61
mg/l.

It was concluded that the 21 day dg©f flumioxazin to rainbow trout was greater thag thg/l and
the 21 day "no-observed-effect" concentration ia $udy was found to be 0.37 mg/l.

RMS Comment (DAR 1997)
Study conducted in compliance with GLP. The stwdyalid.
RMS Comment (2012)

The reported study is GLP compliant and and waslected according to OECD 204 guideline.
The test results are in compliance with the guickedi validity criteria. The study is acceptable for
regulatory use.
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5.4.2 Aquatic invertebrates

5.4.2.1Short-term toxicity to aquatic invertebrates
Acute toxicity to Daphnia magna

Reference: Reed D., Swigert J.P. (1992), Study ear8BW-21-0007 - OLD STUDY (DAR 1997,
Addendum 2000)

Test guideline: FIFRA, Subdivision E Series 72-2

GLP compliance: yes

Test item: S-53482 (purity 94.7%)

Lot No./Batch No.: PPG-90111-M

Methods: Duplicate test chambers each containingDie magnawere exposed to a series of
concentrations of flumioxazin in a 1.1 mixture of ,NNdimethylformamide (DMF) and
polyoxyethylene hydrogenated castor oil (HCO-40). flBw-through system was used at a
temperature of 20 °C with a 16 : 8 hour, light rkdaycle. The concentration of flumioxazin in the
test solutions was measured at regular intervaisugiinout the study. Duplicate analyses were
performed on samples that had been centrifugedandentrifuged. Dissolved oxygen and pH was
measured at 24 hour intervals and the temperataeemeasured at the beginning and end of the
study.

The effects of the substance on Drephniawere assessed at 18, 24 and 48 hours and thevalOes
were calculated by the method of Stephan. Negadwe solvent control groups were tested
simultaneously. There were considerable differerfoetsveen the nominal, centrifuged and non
centrifuged measured concentrations in the testisnk. These differences were related to the low
water solubility, the presence of precipitated makend the rapid degradation of flumioxazin under
slightly basic conditions. The Lsg values were, therefore, calculated using the mmedsu
concentrations of both the centrifuged and nonfifeged samples. The dissolved oxygen
concentrations ranged from 7.8 - 8.2 mg/l and thegmained constant between 8.1 and 8.4.

It is reported in the study (page 9) that, duew $olubility of the a.s., testing was performethgs
suspension in a mixture of 50% DMF and 50% polytixylene hydrogenated castor oil (HCO-40).
The concentration of the DMF/HCO-40 mixture was M m all treatment levels, in water control
and in solvent control groups. The nominal conegiains were 15.6, 25.9, 43.2, 72, and 120 mg/I.

Visual observation showed that a large amount e€ipitate occurred in groups treated at higher
doses. It was assumed that the immobility obsemesbome groups was likely the result of the
"mechanical” interaction with the precipitated nnalle Water samples were collected: a part was
centrifuged prior to analysis to remove the preatpd material (5 min x 2 000 rpm) and the other
part was analysed without prior centrifugation. Tésults show differences between the nominal and
measured values, these differences increasingratigdavith the increase in nominal concentrations.
Finally, very high variability occurred in sampleswater from groups treated at the highest doses.
However, if the lowest dose is considered.(15.6 mg/l), percent of nhominal values were in the
range 20-31% of nominal in the 6 centrifuged sampled 27-33% of nominal in the non-centrifuged
samples. The mean values were 3.74 and 4.58 Mda.sentrifuged and non-centrifuged samples,
respectively. Only 10% immobilisation was obseraethis dose.

Mortality ranged from 15 % in the group exposedhi® highest concentration, to 0 - 10 % in groups
exposed to lower concentrations of flumioxazin. lotifisation ranged from O - 85 % in the treated
groups. Combined immobilisation and mortality ie tegative and solvent controls was 5 and 10 %,
respectively. A dose-related increase in the coatbimortality and immobilisation data was noted
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when compared to the concentrations of flumioxazithe non-centrifuged samples. However, no
dose-response relationship existed with the coratams of flumioxazin in the centrifuged samples.
Immobilisation was considered to be a result ofree¢hanical” effect of the precipitated material
rather than due to substance toxicity. The lowestentration causing 100 % immobilisation and
mortality was 73.46 mg/l (concentration in non céinged samples). The 24 and 48 hoursgCare
presented in Table B.9.2.1. The effects on mobaiyl mortality seen in the groups exposed to
concentrations of 3.74 and 8.54 mg/l (non centatligoncentrations) were comparable to those seen
in the solvent control and, therefore, 8.54 mg/t wansidered to be a "no-observed-effect” level for
flumioxazin toDaphnia

Table B.9.2.1 EC50 values

Time EC50, mg a.s./L (95% confidence limits)
Centrifuged sample Non-centrifuged sample

24h >9.25 >73.46

48 h 5.9 (5.4 — 6.5) 17 (14 - 22)

Yinsufficient effects at 24 h precluded the caltataof an EC50
2 EC50 calculated by probit method

RMS Comment (DAR 1997)
Study conducted in compliance with GLP. The stigdyallid.
RMS Comment (Addendum 2000)

It appears that the a.s. is very difficult to diggein water even after solubilisation in common
solvents such as methanol, acetone triethylenelghyw dimethylformamide (see Takimoto (1989a),
Acute effects of S-53482 on the bluegdtudy number FTX-89006).

It is believed by the Rapporteur that the condgiohcentrifugation are not sufficiently effectite
remove all light suspended/dispersed material. idegéation at higher speed could lead to values
close to the solubility of the a.s in water (inchgl solvents) and it was estimated (page 15 of the
study) that the solubility of the substance in phesence of a concentration of emulsifiers of 4lmg/
was probably in the range of 4-6 mg/l. In thesedatmons, it is considered that the calculation of a
relevant EC50 is not possible, as it is recognise@uideline OECD 202. The EC50 value of 5.9
mg/l which was tentatively proposed in the studg k@ be considered as a rough estimate. This
value was not considered as "irrelevant” by the fedpur and was used in a provisional risk
assessment.

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to FIFRA 72-4 guideline,
which is in line with the current OECD 202 guidelinThe test results are in compliance with the
guideline’s validity criteria. Given the solubiliproblems, the study is acceptable for regulatee/ u
with limitation.

5.4.2.2Long-term toxicity to aquatic invertebrates
Study 1: Chronic toxicity to Daphnia magna

Reference: Drottar K.R., Swigert J.P. (1994), Stadynber SBW-41-0014 - OLD STUDY (DAR
1997, Addendum 2000)

Test guideline: FIFRA, Subdivision E Series 72-4

GLP compliance: yes

- 120 -



Test item: S-53482 (purity 94.8%)
Lot No./Batch No.: PYG-89021-M

Methods: A study was performed to evaluate theceffef the flumioxazin on the survival, growth
and reproduction oDaphnia magnaduring a 21 day exposure period under flow-throtest
conditions. Nominal concentrations of flumioxazam¢ [Ph}*C]-flumioxazin) applied were 25, 50,
100, 200 and 400 pg a.s./l. Mean measured contiensaf flumioxazin were 15, 28, 57, 107 and
205 pg/l. Mean measured [PfG]-flumioxazin concentrations determined by LSCgeah from 93

to 101 % of nominal values, indicating that theixd®ly system was working properly. As a result,
mean measured concentrations were 24, 49, 101,ab86372 pg flumioxazin equivalent/l.
Temperature was at 20 £ 1 °C, dissolved oxygenaanation exceeded 60 % of saturation and pH
ranged at 8.2 - 8.5.

It is reported in the study (page 10) that "thecemrtration in the treatment and solvent group was
approximately 0.1 ml/I". Working stock concentraowere prepared with 0.0264, 0.527, 1.06, 2.11,
and 4.22 mg a.s./ml solvent (DMF). To obtain thenmal concentrations which were used in this

study (25, 50, 100, 200 and 400 microg a.s./l dewaa dose of 0.095 ml of these working solutions
per litre of water was used. The concentrationdphnant is then slightly lower than the threshold

level indicated in OECD 202Guideline (100 mg#,, ca0.1 ml of solvent/l).

Results:
Effects at 21 d are indicated in Table B.9.2.2.

Table B.9.2.2 Effects of flumioxazin obaphnia magna after 21 days

Nominal concentrations

Negative

Solvent

: 25 50 100 200 400
(microg/l) control control
Me_asured concentrations 0 0 15 o8 57 107 205
(microg/l)
Immaobilisation (%) 9 14 14 0 5 55 73
Neonate production 60 51 45 39 37 0 0
(in brackets: CV's) (28.5%) (34%) |(37.1%) |(55.4%) | (37.2%)

After 21 days of exposure, survival was 91 and 8th%me negative control and solvent control,

respectively. In the treatment groups, survivaggeghfrom 100 % at 28 ug a.s./l to 27 % at 205 pg
a.s./l. Survival was significantly reduced in bdtB7 and 205 pg a.s./l treatments groups in
comparison with solvent control. Consequently, nloeobserved effect concentration (NOEC) for

survival was 57 pg a.s./l.

Adult daphnids produced an average of 60 and 5S5hatee per adult in the negative and solvent
controls, respectively, with no statistical diffeces. The reproduction was not significantly
reduced in the 15, 28 or 57 pg/l treatment grotips. within group variability (RSD = 28 and 34 %
in both control groups) do not seem to be unredsgriagh. The mean carapaces length and mean
dry weight of adult daphnids in the negative anl@estt control groups were 4.0 mm / 0.51 mg and
4.1 mm / 0,45 mg respectively, with no statistickiiferences. Length and weight were not
significantly reduced in the 15, 28 or 57 ug/l tre@nt groups.

In conclusion, there is no apparent treatmentadlaffects upon survival growth or reproduction of
D. magnaexposed to a 57 pug a.s./l. Reproduction was thst mensitive biological parameter
measured in the chronic toxicity test. The no obsgiconcentration was 57 pug a.s./l and the lowest
observable effect concentration was 107 pug adxded on mean measured concentrations.
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RMS Comment (DAR 1997)
Study conducted in compliance with GLP. The stugdyallid.

RMS Comment (Addendum 2000)

Analyses of reproduction, length and weight darenconducted using statistically relevant
methods. Some variability occurred in the numbenednates per female in negative and solvent
control groups (CV's equal to 28 and 34%, respeltjyv No indications are provided in the
guideline OECD 202 about acceptable values. Howevas considered that a high variability
intra-groups could lead to falsely accept the null higpets (.e., no difference between groups).
Study was conducted according to FIFRA Guidelinest, to OECD 202, thus the number of
replicates in each group is different (7 in thedgtus 10 in OECD). Furthermore, reproduction
success is low in negative and solvent control gsq®0 and 51 neonates for 21 d, respectively).

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to FIFRA 72-4 guideline,
which is in line with the current OECD 211 guidelinThe test results are in compliance with the
guideline’s validity criteria (the mortality of ¢hparent animals should not exceed 20% at the end
of the test in control; the mean number of offspnoer female in control should b€0). The study

is acceptable for regulatory use.

Study 2: Chronic toxicity to Daphnia magna

Reference: Cafarella M.A. (2000), Study number 836202 (SBW-0050) — OLD STUDY
(Addendum 2000)

Test guideline: OECD 211

GLP compliance: yes

Test item: S-53482 (purity 99.0%)

Lot No./Batch No.: 50721

Methods: Flumioxazine (99%) was dosed at 0.05-08/l o 10 individual daphnids per
concentration, along with acetone (0.01%) and wadatrols. Stock solutions and test solutions were
renewed every 3 d. Adult survival, reproduction gralvth were observed for 21 d.

Samples were analysed by HPLC/UV for the deteaifdhe primary hydrolysis product 482-HA due
to the rapid hydrolysis of flumioxazine at basic.gFurther degradation of 482-HA to APF and
THPA was determined at the highest test conceotrdty HPLC/UV. Flumioxazine was analysed by
GC/ECD method immediately after fortification amdeiged solutions.

Results: The water quality parameters were unaffebly the concentrations of flumioxazine and
remained within acceptable ranges for the sunaval reproduction of daphnids. The pH measures
ranged within 7.6 to 8.5.

The recoveries of flumioxazine from the exposuretsms immediately after the fortification were
approximately 90% and ranged between 79 and 91t#teafiominal values. After 3 d, the recoveries
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of flumioxazine from exposure solutions were afisiehan the limit of quantification. Flumioxazine
and 482-HA analyses showed that most of the pahtiydrolysed to 482-HA during the 30 min of
stirring the exposure solutions prior to conducting renewal. Further degradation of 482-HA was
minimal (i.e., < 10%) between the 3 d renewal wdts, indicating that 482-HA was generally stable
under test conditions. Thus, the quantitation winibxazine was based on the detection of 482-HA
and equated to a measured concentration of flurein@aThe measures obtained for the new freshly-
prepared solutions generally ranged between 80 &6 of nominal values, while the aged
solutions generally ranged between 70 and 80% afima values. In conclusion, due to rapid
hydrolysis of flumioxazine to 482-HA at a basic pHjs likely that the daphnids were exposed
primarily to the hydrolysis product throughout @ik d test period. Therefore, statistical analysis f
all biological endpoints and treatment effectskased on nominal concentrations of flumioxazine.

The 21 d EC50 was estimated by non-linear inteffomliao be 0.37 mg as/l with 95% confidence
limits of 0.2 and 0.8 mg as/I (calculated by binahprobability). Although significant, the reduced
total body length observed at 0.05 mg/l was comedi¢o be a statistical anomaly, since it was not
part of a dose-response and the small 2.9% reduatas not considered biologically significant.
Growth parameters are the most sensitive indicatbtexicity of flumioxazine toD. magnaunder
chronic exposure.

NOEC = 0.1 mg as/l, MATC =0.14 mg as/l, LOEC =M@ as/l (nominal concentrations)

RMS Comment (Addendum 2000)
Acceptable.

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to OECD 211 guideline.
The test results are in compliance with the gumnded validity criteria (the mortality of the parent
animals should not exceed 20% at the end of thdrteontrol; the mean number of offspring per
female in control should be60). The study is acceptable for regulatory use.

5.4.3 Algae and aquatic plants
Toxicity to Pseudokirchneriella subcapitata (formerly named Selenastrum capricornutum)

Reference: Blasbergét al (1992), Study number SBW-21-0008 - OLD STUDY (DAS97)
Test guideline: OECD 201

GLP compliance: yes

Test item: S-53482 (purity 94.3%)

Lot No./Batch No.: PYG-89021-M

Triplicate flasks ofSelenastrum capricornutumere exposed to flumioxazin in acetone at nominal
concentrations of 0.54, 1.1, 2.1, 4.3 and 8.5 |iQfke concentration of flumioxazin in the test

solutions were measured at the beginning and entheofstudy by gas-liquid chromatography

(GLC). The algae were cultured under continuouitleg 24 °C for up to 72 hours. Acetone was
tested as a solvent control. Temperature and phe werasured at the beginning and end of the
study. Samples were taken at 0, 24, 48 and 72 liourseasurement of cell densities. The effect of
flumioxazin on the inhibition of growth of the algavas assessed from the cell densities by
statistical analysis and the BZEGs, and EG values for inhibition were calculated from these

data.
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Initial mean measured concentrations of flumioxarithe test solutions were 71 % of the nominal
concentrations. However, by the end of the study,concentrations in the test solutions were much
lower than the initial nominal concentrations, cating that flumioxazin was unstable under the
conditions of the study. The temperature remair@tstant at 24 °C throughout the study and the
pH ranged from 7.3 to 7.7. There were statisticailgnificant inhibitions in growth of algae

exposed to flumioxazin at nominal concentrationd.df 2.1, 4.3 and 8.5 pg/l (Table B.9.2.4). The

24, 48 and 72 hour &g values for algal growth were calculated to be 1.2, and 1.2 ugl/l,
respectively.

It was concluded that the 72 hour ECEG, and EGp values of flumioxazin tdSelenastrum
capricornutumwere 0.88, 1.2 and 1.7 pg/l, respectively, basedaminal concentrations and the

"no-observed-effect" concentration in this studgsdd on nominal concentrations, was considered
to be 0.54 pgll.

Table B.9.2.4 Measured cell counts foBelenastrum capricornutum during the exposure to S-
53482

Mean Cell Counts (3 Flasks)
x 10% cells/mL

Nominal Test

Cone. (ug/L) 0-Hour* 24-Hour" 48-Hour 72-Hour"
Control 0.82 4.6 25 149
Vehicle Blank 0.78 4.5 25 150
0.54 4.4 23 141
1.1 2.9 14 99
2.1 0.93 1.5 1.7
43 0.78 1.0 0.56
8.5 0.56 '0.29 ﬂw48

* Values were obtained from the cell count data forms
¥ Values obtained from SAS

* Denotes a significant (p<0.05) inhibition effect from the control and vehicle blank as
calculated using transformed (square root) cell counts by Dunnett’s test.

RMS Comment (DAR 1997)
Study conducted in compliance with GLP. The stigdyallid.

Since initial measured concentrations were 71% avhinal values, the 72 hour B£for algal

growth 1.2 pg/l was recalculated by RMS (see thpl\R&o Danish Comments, 15 June 2000).
Thus, EGpis 0.852 ug/l.
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RMS Comment (2012)

The reported study is GLP compliant and and waslected according to OECD 201 guideline.
The test results are in compliance with the curgemdeline’s validity criterium (the increase ofice
numbers, measured in the control between 0 h aridsiduld be greater than the criterion value of
>16). The study is acceptable for regulatory use.

Since initial measured concentrations were 71%awhinal values, the 72 hour NOEC 0.54 ug/l
was recalculated to be 0.383 ugll.

Toxicity to Navicula pelliculosa

Reference: Hoberg J. R. (1996a), Study number 96710 (SBW-0028) - OLD STUDY (DAR
1997)

Test guideline: EPA-FIFRA 122-2, 123-2

GLP compliance: yes

Test item: V-53482 (~ S-53482; purity 99.5%)

Lot No./Batch No.: 40303

Triplicate flasks ofNavicula pelliculosaat 1.0 x 10 cells/ml were exposed to flumioxazin in
acetone at nominal concentrations of 0.048, 0.093, 0.38, 0.75, 1.5 and 3.0 pg/l. The algae were
cultured at 24t 1 ° C, under continuous light at 24 °C for up tald&ys. Acetone was tested as a
solvent control. Temperature and pH were measurdtedeginning and end of the study. Samples
were taken at Day 0, 1, 2, 3, 4 and 5 for measuneofecell densities. The effect of flumioxazin on
the inhibition of growth of the algae was assedse the cell densities by statistical analysis and
the EGs, EGs and EGp values for inhibition were calculated from thesgad

Initial mean measured concentrations of flumioxaaithe test solutions were 0.042, 0.074, 0 .15,
0.31, 0.61, 1.2 and 2.4 pg flumioxazin per litrdne$e concentrations were used to define the
treatments. The temperature remained between 242armMtC throughout the study and the pH
ranged from 7.1 (test initiation) to 8.4 - 8.6 {temination). Light intensity was 390 to 480 foot
candles and the shaking rate was 100 rpm.

Statistical analysis demonstrated a significanticédn in cell density in all treatment levels &bt
as compared to the control data (Table B.9.2.5\a$ concluded that the 5 day ECECs and
ECsp values of flumioxazin tdNavicula pelliculosawere 0.041, 0.59 and 1.5 pg/l, respectively,
based on initial measured concentrations and tbeohserved-effect” concentration in this study
was considered to be < 0.042 ugll.
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Table B.9.2.5 Cell density (x 1Dcells/mL) of Navicula pelliculosa after 1,2,3,4 and 5 days of
exposure

Initial )
Measured Observation interval Day §
Concentration Day 1 Day 2 Day 3 Day 4 Day 5 Percent
{ug A.LIL) Inhibition
Control A 3 15 47 &5 117
B 3 10 43 B8 125
C 2 13 44 83 145
Mean(SD)* 2(1) 13(2) 45(2} 85(2) 129(15) NA®
0.042 A 1 10 43 76 118
B 2 9 41 84 121
C 4 10 42 82 117
Mean(SD)* 2(1) 10(1) 42(1) 81(4) 119(2)° 8.1
0.074 A 3 10 41 78 118
B 3 10 34 81 118
Cc 3 9 40 82 1156
Mean(SD)®  3(<1) 9(<1) 38(4) 80(2) 117(2)° 9.2
0.1% A 2 9 44 75 98
B 3 9 43 100 109
C 2 7 38 79 113
Mean(SD)® 2(1) 8(1) 42(3) B5(13) 107(8)° 17
0.31 A 2 7 6 75 111
B 4 8 38 79 107
C 3 10 35 78 110
Mean(SD)® 3(1) 8(1) 36(2) 77(2) 110(2)° 15
0.61 A 1 4 27 85 100
B 2 7 26 66 96
c 2 5 31 B0 102
Mean(SD)® 1(1) 5(2) 28(2) 53(3) 89(3)° 23

Mean, standard deviation (SD) and percent inhibition were calculated from original raw data, not from
the rounded values presented in this table.

NA = Not applicable .

Significantly reduced (p <0.05) as compared to the control based on Williams' Test.

RMS Comment (DAR 1997)
Study conducted in compliance with GLP. The stdyalid.

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to OECD 201 guideline.
The test results are in compliance with the curgendleline’s validity criteria (the increase of Icel
numbers, measured in the control between 0 h ardsIduld be greater than the criterion value of
>16). The study is acceptable for regulatory use.

Toxicity to Lemna gibba

Reference: Hoberg J. R. (1996b), Study number 967P2 (SBW-0027) — OLD STUDY (DAR
1997)
Test guideline: EPA-FIFRA 122-2, 123-2.
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GLP compliance: yes
Test item: V-53482 (~ S-53482; purity 99.5%)
Lot No./Batch No.: 40303

A study was performed dremnagibba G3. Five, three fronds each, plants were introducehree
vessels per treatment plus one for analysis pugpd$eminal concentrations of 0.064, 0.13, 0.25,
0.50, 1.0 and 2.0 pg/l plus one acetone controéweed.

Temperature was maintained at 251°C with a continuous light intensity of 300 to(5fbot-
candles during the 14 days of the test. Observatiowl / or analysis were performed at days 0, 3, 6,
9,12 and 14.

Initial mean measured concentrations of test malterithe test solutions ranged from 85 to 90 % of
the nominal concentrations and, at Day 3, at 23The initial measured concentrations derived
from LSC analysis were 0.051, 0.11, 0.22, 0.447 @u&d 1.7 pug/l and defined the treatment levels.

The temperature remained between 24 and 25 °Cghout the study and the pH ranged from 5.0 -
5.1 (test initiation) to 4.8 - 6.2 (test terminajoLight intensity was 350 to 440 foot-candles.

Statistical analysis demonstrated a significanticidn in frond density in the 3 higher treatment
levels tested as compared to the control data €T&x0.2.14). Based on initial measured test
concentrations, the 14 days £& 0.35 pg/l (95 % confidence limits = 0.14 and00.@/l) and the
14 days no observed effect concentration (NOEC)W@s1 pg/l flumioxazin.
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Table B.9.2.14 Frond production (density) and obseations recorded for Lemna gibba after 3, 6, 9, 12 and 14
days of exposure

Initial .
Measured Fronds/replicate Percent
Concentration Day 3 Day 6 Day 9 Day 12 Day 14 Reduction
(pg ALLIL) (Day 14)
Contral A 39 100 200 480 780
B a3 116 210 450 630
C 40 113 220 480 750
Mean{SD)®  39(1.0) 110(8.5)  210(8.1) 470(15) 710{75) NAY
0.051 A 39 100 200 400 750
B ag 105 220 400 700
C 36 99 200 400 780
Mean(SD)® 28(1.5) 100(3.2)  210{12) 400(4.7)  740{48) 4.3
011 A 41 g8 200 380 730
B 34 o8 200 350 750
C 37 85 200 360 640
Mean(SD)®  37(3.5) 97(1.7) 200(2.1) a70(21)  700(56)° 1.2
022 A 35 a8 180 330 650
B 32 88 180 320 640
C 37 102 200 340 680
Mean{SD)®  35(2.5) 86(7.2) 190(8.1) 330(11)°  €680(23) 8.1
0.44 A 35 98 180 240 330
B a3 B84 180 240 360
C 31 82 180 240 320
Mean(SD)®  33(2.0) 8B(8.7)9% 180(1.7)¥%  240(2.0/ 330(22)%" 53
087 A 34 81 180 200 220
B 31 80 150 200 230
c 33 83 150 210 210
Mean(SD)®  33(1.5)9  81(1.5)% 150(6.1)% 200(2.7)F 220(7.4)" B2
17 A 35 53 52 78 100
B 32 B85 64 84 120
c 27 50 51 81 120
Mean(SD)® 31(4.0)® 56(7.9)® 53(7.0)%¢  81(3.0)° 110(9.7)°9" 84

Mean, standard deviation {SD) and percant reduciion were calcuiated fram ariginal raw data, not from the rounded values
presented in this table.

MNA = Mot Applicable

Frands were cbserved to be smaller in comparisen to cantrol,

Erands were observed to have reduced root formation in comparison to cantral,

Frands were observed 1o be slightly chiorotic in companson to control,

Fronds were chserved 1o have very little root formation in comparison fo control.

Fronds were cbserved to be chiorotic in comparisan to canfrol.

Spatietiezily raduced in cnmnansoan to control. based an \Will:ams' Taest

- @ o0 oo

]

RMS Comment (DAR 1997)
Study conducted in compliance with GLP. The stugdyailid.

RMS Comment (2012)

The reported study is GLP compliant and was coredlieccording to FIFRA 122-2 and, 123-22
guideline. However, the study is not in line witle tcurrent guideline OECD 221, that recommends
observations on two response variables: averagefispgrowth rate and yield. Both response
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variables should be based on frond numbers andcheradditional parameter of observation (frond
area or dry/fresh weight). The results of the stdidlyonly allow calculation of inhibition of the tw
response variables (growth rate and yield) basedrammd numbers - since biomass was only
observed on day 14 (and no estimate of starting&ss was available). Since a higher tier study on
phytoplankton and aquatic macrophytes was available reported study ohemna gibbais
considered as supplemental information.

5.4.4  Other aquatic organisms (including sediment)
Chronic toxicity to the sediment dwelling invertebate Chironomusriparius

Reference: Mattock D. (1997), Study number 1530/P81(SBW-0042) - OLD STUDY (DAR 1997)
Guideline: ASTM E 1398-94, DoE 3460 P2

GLP compliance: yes

Test item: S-53482 (purity 99.0%)

Lot No./Batch No.: 50721

Twenty Chironomus ripariudarvae were used in each of eight vessels peiniezd. The sediment,
coming from a site known to be free of contaminatioontained 3.35 % organic carbon set by
dilution with sablesand; particle size distributiasiay 11.6%, silt 11.3%, sand 77.2%; texture
classification: sandy loam; organic matter 4.0%di8ent was spiked with acetone stock solutions
to prepare nominal concentrations of 1.5, 0.5, 00106 and 0.02 mg/kg. Two control treatments:
dilution water + sediment and dilution water + aoet + sediment. Aeration was given all along the
test. Overlying lost water through evaporation wesaced by reverse osmosis water. Larvae were
fed with ground TetraMin™ 3 times per week during the 23 days of the tesatihm. Test
organisms were observed daily from the onset ofrgemee until Day23, flumioxazin analysis was
performed in overlying water at Days 0, 14 23, andediment at Days 0, 1, 3, 7, 14 and 23. The
majority of determinations in water were at or belihe limit of quantitation (0. 5 pg/l) with two
exceptions: 3.9 and 22.4 pg/l were obtained forcibr@rol and 1.5 mg/kg treatment respectively.
Measured concentrations in the sediment are givéimei table B.9.2.3.

Table B.9.2.3 Measured concentrations in the sedime

Nominal concentratic Measured concentration (mg/kg)

(mg/kg) Day 0 Day 1 Day 3 Day 7 Day 14 Day 28
Control <LQ <LQ <LQ <LQ <LQ <LQ
Solvent control <LQ <LQ <LQ <LQ <LQ <LQ
0.02 0.01 0.02 0.02 <LQ <LQ <LQ
0.06 0.05 0.03 0.02 0.01 <LQ <LQ
0.17 0.09 0.07 0.05 0.03 0.02 <LQ
0.5 0.22 0.19 0.14 0.08 0.05 0.02
1.5 0.73 0.63 0.45 0.27 0.13 0.08
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The toxicity of flumioxazin to Chironomus ripariuswas based on the initial measured
concentrations in test sediment. Emergendg.afparius was first observed on day 11. By day 23,
all vessels had 100 % emergence (20 out of 2@). eiparius. There was no significant reduction in
emergence in any of the treatments relative tosthleent control group. The highest measured
concentrations resulting in no observable reductbemergence, hence survival Gf riparius
after 23 days exposure (NOEC) was 0.73 mg/kg irséugment.

RMS Comment (DAR 1997)

Study conducted in compliance with GLP. The stuslyalid. This study demonstrates that the
normal use of flumioxazin will not present a sigrait risk to sediment dwelling insects.

RMS Comment (2012)

The reported study is GLP compliant and and waslected according to ASTM guideline (1995),
which is in line with the current OECD 218 guidelif2004). Natural sediment was used in the
study instead of formulated sediment preferredhey @ECD guideline, which is also acceptable.
The test results are in compliance with the curgemdeline’s validity criteria (the emergence i th
control at least 70% at the end of the test; enmegéo adults in control should occur between 12
and 23 days; oxygen concentration should be at 682% of air saturation value; pH of overlying
water should be in the 6-9 range; the water tentperashould not differ by more than = 1.0 °C).
The study is acceptable for regulatory use.

5.4.5  COMPARISON WITH CRITERIA FOR ENVIRONMENTAL HAZARDS
(SECTIONS 5.1 — 5.4)

Degradation
RAC agrees with the DS proposal to consider flumioxazin as not rapidly degradable. The

substance is demonstrated to be not readily biodegradable and to be not ultimately degraded
to a level greater than 70% in water simulation test.

Bioaccumulation

Based on experimental data flumioxazin has a logK,, of 2.55. No measured bioaccumulation
data are available. The measured logK,, is below the decisive CLP criterion (logK,,>4). In
addition, the calculated logK,,, values for the major metabolites are below 1.

Aquatic toxicity
Acute aquatic hazard

Acute toxicity data were available for all three trophic levels. The most sensitive aquatic
species is Lemna gibba. The lowest reliable short-term aquatic toxicity result is 14d
ECs50=0.00035mg/L (initial measured concentration).

Chronic aquatic hazard

Reliable and relevant long-term aquatic toxicity data were available for all three trophic levels.
The lowest value is for Navicula pelliculosa, with a 5d ECs=0.000041 mg/L (initial measured
concentration).
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RAC concluded that the key study should be Lemna gibba, which results in a NOEC=0.000051
mg/L (initial measured concentration). Due to the hydrolytic unstable conditions of the
substance a semi-static test is preferable instead of a static one (Navicula pelliculosa). In any
case, both the studies determine the same classification and the same M-factor.

Conclusion on classification

Flumioxazin is considered not readily and rapidly degradable and does not fulfil the criteria for
bioaccumulation. The lowest acute toxicity value falls within the range 0.0001 < L(E)Cso <
0.001 mg/L and the lowest chronic toxicity value lies in the toxicity range of 0.00001 < NOEC
< 0.0001 mg/L.

RAC concludes that flumioxazin fulfils the CLP criteria for classification as Aquatic Acute 1
with an M-factor of 1000 and Aquatic Chronic 1 with an M-factor of 1000.

Conclusion of environmental classification accogdio Regqulation EC 1272/2008:

Pictogram: GHS09

Signal word: Warning

Aquatic acute 1, M = 1000, H400: Very toxic to anuiéfe.

Aquatic chronic 1, M = 1000, H410: Very toxic touatic life with long lasting effects.

Justification for the proposal:

Aquatic acute category 1 (H40@®)llows from the acute toxicity of the active sudoste toLemna
gibba EGC5 < 1 mg a.s./L (E€ = 0.00035 mg a.s./L, Hoberg, 1996b). A M-factor1®00 is
applicable based on 0.0001 <4420.001 mg a.s./I.

Aquatic chronic category 1 (H410) follows from thbkronic toxicity of the active substance to
Navicula pelliculosaNOEC< 1 mg a.s./L (NOEC < 0.000042 mg/L, Hoberg, 199%G&] the fact
that the active substance is not readily biodednadand not rapidly biodegradable. A M-factor of
1000 is applicable based on 0.00001 < NGHT0001 mg/l.

Pictogram is required for ‘Aquatic acute 1’ and Udgic chronic 1’ category substance.

Signal word ‘Warning' is required for ‘Aquatic aeutl’ and ‘Aquatic chronic 1’ category
substance.

The statements P273, P391 and P501 are requiréddaatic acute 1’ and ‘Aquatic chronic 1’
category substance.

Conclusion of environmental classification and labg according to Directive 67/548/EEC:

N Dangerous for the environment.

R50 Very toxic to aquatic organisms.

R53 May cause long term effects in the environment.

S60 This material and its container must be dispo$s@as hazardous waste.

S61 Avoid release to the environment. Refer toigpetstructions/Safety Data Sheet.

Justification for the proposal:
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R50 follows from the acute toxicity of the activebstance to the most sensitive tested aquatic
organisms with E€; < 1 mg a.s./l{Lemna gibbaEGCso = 0.00035 mg a.s./L, Hoberg, 1996b).

R53 follows from the fact that the active substaisasot readily biodegradable.
The safety phrases S60 and S61 have to be appisedilon the proposed R50/53.

5.4.6 CONCLUSIONS ON CLASSIFICATION AND LABELLING FOR
ENVIRONMENTAL HAZARDS (SECTIONS 5.1 —5.4)

Conclusion of environmental classification accordig to Requlation EC 1272/2008:

Pictogram

Signal word Warning

Classification categories: Aquatic acute 1
Aquatic chronic 1

M-factor (acute/chronic) 1000/1000
Hazard statements H400: Very toxic to aquatic life.

H410: Very toxic to aquatic life with long lastingeffects.
Precautionary statementsP273 Avoid release to the environment

P391 Collect spillage

P501 Dispose of contents/ container to ... (in acdance
with local/ regional/ national/ international regulation (to
be specified))

Conclusion of environmental classification and labg according to Directive 67/548/EEC:

Hazard Dangerous for the environment
symbol:
N
Risk R 50/53 Very toxic to aquatic organisms, may cause long ter adverse effects in the
phrases: aquatic environment
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Safety
phrases:

S60

This material and its container must be disposed dads hazardous waste

S61

Avoid release to the environment. Refer to speciatstructions/safety data
sheets
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RAC evaluation of environmental hazards

Summary of the Dossier submitter’s proposal

Flumioxazin currently has a harmonised classification as Aquatic Acute 1 (M-
factor=1000) and Aquatic Chronic 1 according to CLP. The dossier submitter (DS)
carried out the environmental hazard assessment in order to determine the chronic M-
factor, currently not included in Annex VI of the CLP Regulation, taking into account the
new criteria brought in by the 2" ATP to CLP and which are related to the classification
of long-term hazards to the aquatic environment.

Degradation
Two hydrolysis studies according to guideline EPA-FIFRA 161-1 and in compliance with

GLP were run at pH 5, 7 and 9 at 25 °C for 30 days. Flumioxazin was rapidly hydrolysed
in all three buffered solutions and the degradation rate increased with pH (DTso: 3-5 d at
pH=5, 19-26h at pH=7, 14-23min at pH=9). Degradation proceeded via opening of the
cycloimide ring at all pH values to form 482-HA (7-fluoro-6-[(2-carboxyl-1-
cyclohexenoyl)amino]-4-(2-propynyl)-1,4-benzoxazin-3-(2H)-one). Subsequent
cleavage of the amide linkage to form APF (6-amino-7-fluoro-4-(2-propynyl)-1,4-
benzoxazin-3-(2H)-one) and THPA (3, 4, 5, 6-tetrahydrophthalic acid) was observed
only at pH 7 and 5. A supportive hydrolysis study performed with flumioxazin and its
degradation product 482-HA showed that the hydrolysis of flumioxazin proceeds
predominantly through neutral and base catalyzed processes, while the hydrolysis of
482-HA proceeds predominantly through an acid catalyzed process. Half-lives of 482-HA
were calculated to be 2.35 hours, 10.7 days and 72 days at pH 5, 7 and 8, respectively.

The photodegradation of flumioxazin in water was studied according to guideline EPA-
FIFRA 161-2. The two studies, in compliance with GLP, were carried out at 25 °C and pH
5.0 for 30 days. Light slightly enhanced degradation of flumioxazin in water at pH 5 and
a different degradation pathway was involved. The DTs, of flumioxazin was 21 h in the
light, while DTsp in the dark was 118h. 482-PHO (N-(2-propynyl)-4-[4-carboxy-3-fluoro-
2-(3,4,5,6-tetrahydrophthalimido)-2-butenylidene]azetidine-2-one) and THPA were
identified as major photolytic degradation products.

A ready biodegradability test was performed according to OECD guideline 301 B. The
study was carried out in compliance with GLP at 22°C for 28 days using as the inoculum
an activated sludge not previously knowingly exposed to the test substance.
Biodegradation of flumioxazin was 3% at the end of the test on day 28 so the substance
is considered not readily biodegradable under the conditions of the test.

A water/sediment simulation study, carried out according to SETAC guideline, using
radio-labelled flumioxazin was run for 98 days at 20 °C using two systems (clay loam,
8% OC and sandy clay loam, 3.6% OC). Flumioxazin was temporarily found in sediment
(max 27% after 7d) and it rapidly disappeared in both water and sediment phases. For
the whole systems, DTsos were < 1.85d and DTy were 25-69d. Degradation occurred via
hydrolysis to APF (max 58% in water after 7 d) and THPA (max 63% in water and 18%
in sediment after 7d). Non-extractable residues reached averages of 38-61% and
mineralisation reached averages of 5-29% after 98 days. The available water sediment
study has been reassessed using FOCUS kinetics approach, and as no reliable DegTsg
values have been obtained for water and sediment, the geometric mean value of 21.6
days was used for the water phase and the default value of 1000 days was used for the
sediment phase.

A further water/sediment study (Shibata, 2011) was carried out according to OECD
Guideline 308. The study was run for 30d and two systems were set up containing
natural sediment and associated water and suitable traps for collecting volatile
compounds. The degradation rate of flumioxazin in water in the absence or presence of
sediment or light, is largely unaffected, indicating that sediment or light insignificantly
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contribute to dissipation/degradation.

In this study all major metabolites formed were identified and the presence of sediment
decreased the amounts of all metabolites formed. For the whole system and natural
water the maximum levels of CO, are about 24% and 14.8% (in illuminated conditions)
respectively. Moreover, in illuminated water/sediment systems CO, and bound residues
reached levels =248% after 30 days.

Bioaccumulation

The substance has a measured logK,, of about 2.55 (OECD 107, 20 °C, purity 99.5%).
The DS did not provide any studies on bioaccumulation.

With a logK,, < 4 the substance does not meet the criterion for bioaccumulation
according to CLP.

The 3 major hydrolytic degradation products: 482-HA, APF and THPA have calculated
logK,w values of 0.804, 0.127 and 0.88 respectively. The DS indicated that for these
data it isn’t necessary to carry out a bioaccumulation study in fish.

Aquatic toxicity:

Several acute and chronic aquatic toxicity data are available from studies on the tested
substance which, in the majority, followed guideline standards and were in compliance
with GLP and reliable according to the DS.

The available short-term tests for flumioxazin were: three for fish, one with
invertebrates, three with algae and aquatic plants, respectively. The most sensitive
species tested is the aquatic plant Lemna gibba (14d semi-static condition test) with an
EC50=0.00035 mg/L based on initial measured concentrations, which ranged from 85 to
90% of the nominal concentrations and decreases by 23% at day 3.

The chronic aquatic toxicity of flumioxazin is assessed on the base of three long-term
fish tests, four chronic tests with invertebrates and three studies with algae and aquatic
plants. The most sensitive species tested was Navicula pelliculosa that was exposed to
flumioxazin for 120h in static conditions, with the resulting value for NOEC<0.000042
mg/L and ECs=0.000041 mg/L based on initial measured concentration.

The key studies results proposes by DS are highlighted in bold in the table below.

Method Test Test Results Remarks | Reference
organism system -
Endpomt LC5o/EC5o NOEC
[mg/L] [mg/L]
EPA 72-1 | Oncorhynchus | Flow- mortality 2.3 0.92 mm Takimoto
mykiss through etal.,
96 h 1989b
EPA 72-1 | Lepomis Flow- mortality > 21 3.9 mm Takimoto
macrochirus through etal.,
96 h 1989a
OECD Oncorhynchus | Flow- weight > 1.2 0.37 mm Sword et
204 mykiss through | reduction al., 1992
21d
EPA 72-2 | Daphnia Flow- immobilization | 5.9 8.54 mm Reed et
magna through al., 1992
48 h
EPA 72-4 | Daphnia Flow- reproduction - 0.057 mm Drottar et
magna through al., 1994
21d
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OECD Daphnia Semi- growth - 0.1 nom Cafarella,

211 magna static reduction 2000

21d
ASTME | Chironomus  |Static emergence, - 0.73 im Mattock D.
1398-94 riparius i 1997

P 23d survival (mg a.s./kg ( )
sediment)
OECD Pseudokirchn | Static cell number 0.000852 0.000383 im Blasberg et
201 e-riella 72 h inhibition al., 1992
Subcapitata

EPA 122- | Navicula Static cell number 0.0015 < 0.000042 im Hoberg,
2,123-2 pelliculosa 120 h inhibition ECs= 0.000041 1996a
EPA 122- | Lemna gibba | Semi- biomass 0.00035 0.000051 im Hoberg,
2,123-2 static reduction 1996b

14 d

mm - mean measured concentration
im - initial measured concentration
nom - nominal concentration

Comments received during public consultation

Four Member States (MS) contributed during public consultation stating a general
agreement with the proposed environmental classification.

Two MS had specific comments. They suggested recalculating the ECsq value for Lemna
gibba using data at day 7 (if available) instead of data at day 14 according to OECD test
guideline 221. The DS replied that the 7-day ECsg is not available.

Concerning the study with Navicula pelliculosa, one MS noted that the ECsq and NOEC
were measured after 5 days, while in OECD guideline 201 for freshwater algae the
exponentially growing test organisms were exposed over a period of 72 hours.

Another MS suggested using the value of EC5s=0.000041 mg/L instead of the NOEC from
the study with Navicula pelliculosa. In this regard, the DS stated that using the ECs
would influence neither the classification of the substance nor derivation of a chronic M-
factor.

A further MS, while agreeing that Lemna gibba and Navicula pelliculosa were the most
sensitive species, highlighted that the ECsq and NOEC values are based on the initial
mean measured concentration, while it would have been more appropriate to calculate
the geometric mean concentration at the start and the end of the test, taking into
account that the substance is hydrolytically unstable. This could have an influence on the
setting of the M-factor.

The DS stated that according to SANCO 3268/2001/rev.4, the endpoints based on initial
measured concentrations are considered relevant when effect data are obtained from
the test performed under static conditions.

Assessment and comparison with the classification criteria

Degradation
RAC agrees with the DS proposal to consider flumioxazin as not rapidly degradable. The

substance is demonstrated to be not readily biodegradable and to be not ultimately
degraded to a level greater than 70% in water simulation test.

Bioaccumulation
Based on experimental data flumioxazin has a logK,, of 2.55. No measured
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bioaccumulation data are available. The measured logK,, is below the decisive CLP
criterion (logK,,>4). In addition, the calculated logK,, values for the major metabolites
are below 1.

Aquatic toxicity
Acute aquatic hazard

Acute toxicity data were available for all three trophic levels. The most sensitive aquatic
species is Lemna gibba. The lowest reliable short-term aquatic toxicity result is 14d
ECs0=0.00035mg/L (initial measured concentration).

Chronic aquatic hazard

Reliable and relevant long-term aquatic toxicity data were available for all three trophic
levels. The lowest value is for Navicula pelliculosa, with a 5d ECs=0.000041 mg/L (initial
measured concentration).

RAC concluded that the key study should be Lemna gibba, which results in a
NOEC=0.000051 mg/L (initial measured concentration). Due to the hydrolytic unstable
conditions of the substance a semi-static test is preferable instead of a static one
(Navicula pelliculosa). In any case, both the studies determine the same classification
and the same M-factor.

Conclusion on classification

Flumioxazin is considered not readily and rapidly degradable and does not fulfil the
criteria for bioaccumulation. The lowest acute toxicity value falls within the range 0.0001
< L(E)Cso = 0.001 mg/L and the lowest chronic toxicity value lies in the toxicity range of
0.00001 < NOEC < 0.0001 mg/L.

RAC concludes that flumioxazin fulfils the CLP criteria for classification as Aquatic Acute
1 with an M-factor of 1000 and Aquatic Chronic 1 with an M-factor of 1000.

Supplemental information - In depth analyses by RAC

Aquatic toxicity

Regarding the semi-static test on Lemna gibba, the frequency of renewal of solution,
(specific intervals at which it was periodically replaced during the test) was not specified
in the CLH report, but it was stated that the initial mean measured concentration
decreased to 23% of the nominal concentrations at day 3. For the static test on Navicula
pelliculosa there was only the initial measured concentration. However the ECs, and
NOEC of both studies are based on initial measured test concentrations instead of mean
measured concentration, as suggested by OECD 221.

6 OTHER INFORMATION
None.

Aquatic toxicity
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Regarding the semi-static test on Lemna gibba, the frequency of renewal of solution, (specific
intervals at which it was periodically replaced during the test) was not specified in the CLH
report, but it was stated that the initial mean measured concentration decreased to 23% of the
nominal concentrations at day 3. For the static test on Navicula pelliculosa there was only the
initial measured concentration. However the ECsq and NOEC of both studies are based on initial
measured test concentrations instead of mean measured concentration, as suggested by OECD
221.
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ABBREVIATIONS

AV atrioventricular

EDD embryonic development day

DMSO dimethyl sulphoxide

GD gestation day

GLP good laboratory practice

Hb haemoglobin

HW Han Wistar

ICR imprinting control region

JW Japanese white

M/E myeloid / erythroid

MCH mean corpuscular haemoglobin

MCHC mean corpuscular haemoglobin concentration

MCV mean corpuscular volume

NaB sodium butyrate

NZW New Zealand white

PBPK physiologically based pharmacokinetic

PCE polychromatophilic erythroblast

PPO protoporphyrinogen oxidase

PPIX protoporphyrin IX

RBC red blood cell

S-53482 flumioxazin

sd standard deviation

SD Sprague Dawley

VSD ventricular septal defects

WBC white blood cell

CLP Regulation (EC) 1272/2008 of the European i&#adnt on the Classification
Labelling & Packaging of substances and mixtures.

mg/kg milligrams per kilogram

mg/kg/d milligrams per kilogram per day

ppm parts per million

NOAEL no observed adverse effect level

ATP of the Adaptation to the Technical Progress of the Danger8ubstances Directive
DSD (67/548/EEC)

bw bodyweight
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LC/MS
GOT
DNA
HPLC
HRF
MOA
ECHA
ICPS

liquid chromatography/ mass spectrometry
glutamic-oxaloacetic transaminase
deoxyribonucleic acid

High Performance Liquid Chromatography
human relevance framework

mode of action

European Chemicals Agency
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ANNEX 1
DISCUSSION ON HUMAN RELEVANCE OF THE DEVELOPMENTAL EFFECTS
INDUCED BY FLUMIOXAZIN (BASED ON NEW DATA SINCE THE PUBLICATION OF
FLUMIOXAZIN IN THE 28TH ATP OF THE DSD)
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An update of a discussion on human relevance of the
developmental effects induced by flumioxazin in rats

Executive summary

Flumioxazin caused embryolethality, teratozenicity [mainly ventricular septal defects
and wavy ribz]. and growth retardation in rats at 30 me/ks without maternal tosicity
but not in rabbitz at the maternal tomocity level of 3000 mokp. Flumioxazin was
claszified as category 2 Rl or category 1B (CLP) for developmental tomoity due to the
rat developmental effects and presumed relevance to humans.

Sumitomo Chemical Company has carried out an extenszive program of research with
flumicxarin and has successfully elucodated the mechanism of the developmental
tooacity Inrats. Exnsting mechamstic studies, which were evaluated durne the previous
review of flumioxazin for Annex 1 inclusion, have been supplemented by additiomal
studies to strengthen the mechaniztic caze and to allow an assezzment of the relevance
to human of developmental effects found 1n rats.

There 1z comvincing evidence for a single mode of action causing the developmental
toxacities 1n the rat. The sequence of key biclogical events in the propozed mode of action
haz heen elucidated Inhibation of PPO interferes with normal heme synthesizs, which
causes loss of blood cells leading to fetal anemua, embryolethality and the development
of malformations.

Ratz are particularly sensitive to the effects of protoporphyrincgen csadase (PPOY
mhibition mduced by flumioxazm m ervihroblasts. This leads to anemua that 1= a
critical precursor of the developmental tooacity resulting from flumioxazin exposure. In
contrast, humanes are unlikely to develop anemia from PPO inhibition. This concluzion
1= bazed on (1) ciinical findings that PPO deficient patients with Variegate Porphyra
show no signs of anemia, (2) experimental evidence that flumioxazin does not reduce
heme production in K562 cells, which are derived from human erythroleukemia, and (3}
that humans are less sensitive to PPO inhibition than rats.

Pharmacolonetic modelng m the rat and the human predicts that human
eryvthroblasts would be msusceptible to flumioxazin at exposure eguivalent to a
maternal dose excesding 1000 mglke/day, thus demonstrating the large species
difference in sensitivity.

Orverall, it 1= comcluded that the rat iz an inappropriate model for assessing the

developmental toocty of fumioxazin in humans becausze, unlike humans, they are

]
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highly szensitive to PPO inhibition, resulting in fetal anemia and consequent
developmental tomcity. There is considered to be no plausible scenario wherebhy humans
would be at rizk of developmental toxicity given the species differences 1 susceptibility

to flumioxazin and potential for anemia.
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1. Introduction

Flumioxazin is an N-phenylimide herbicide. The herbicidal activity of flumiozazin 1=
due to photodynamic action of accumulated protoporphyrin IX (PPIX) resulting from
inhibition of protoporphyrinogen oxidase (PPO). which is an enzyme In porphyrin
hiosynthesis and common to plants and amimals as part of chlorophyll and heme
biosynthesis (Fig. 1). In mammals eight enzymes are involved in the heme biosynthetic
pathway which startz in the nutochondria and. after paszing through cytoplasmic
stages, re-enters the mitochondma for the final steps of heme formation. The first and
last three enzymes mchuding PPO are located in mtochondria while the others are in
the cytozol. It iz postulated that the mechanizm of PPTX accumulation 1 me resulting
from PPO mhibition 1= as follows: the accumulating protoporphyrnogen eventually
leaves the mitochondria, enters the plasma. and 15 omdized nonenzymatically there to
PPIE. Because of abnormal subcellular location, the resulting PPIX 1= beyond reach of
ferrochelatase and cannot be transformed to heme (1). In humans malfunction of this
pathway leads to metabolic dizorders termed porphrma.
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Fig. 1 Heme biv:vnthetic pathway and mode of herbicidal action of filumisxazin

In ztudies, there were striling speces-specific differences in developmental tomecaty
reculting from flumioxazin exposure. Flumioxazin produced embryolethality
teratogemicity [mainly ventricular septal defects (VSD) and wavy mbs], and growth
retardation in rats exposed to 30 mo'ke without maternal tosacity. Inm contrast, these
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effects were not seen mn rabhits expozed to doses as high as the maternal tome level of
3000 me'kg. Flumioxazin has been classified as category 2 B61 or category 1B (CLP) for
developmental tomcity dus to the rat developmental effects (Annex VI of Reculatiom
(EC} No. 12722008).

Sumitomo Chemical Company has carried out an extensive program of research with
flumioxazin, enabling them to elucidate the mechamizm of developmental foxcity in
rats. Additionally, they have azzezzed the relevance of these findings to predictions of
developmental toxicity in humans. This research has demonstrated that developmental
tosdcity in rats 1z due primarily to PPO inhibition in the fetus, resulting in fetal anemia.
Thiz, in turn, leads to the developmental manifestations caused by flumioxazin.
Sigmificantly, humans are unliksly to develop anemia assocated with PPO mhibition.
A=z a result, the rat is particularly sensitive with respect to the effects of PPO inhibition
and thus iz an inappropriate model for predicting the potential for developmental
toxacity of flumioxazin in humans.

Thiz report summarizes the mechanism for the teratogenicity in rats from the previous
review for inclusion of flumioxazin in Annex 1 and discuszes the recultz of subsequent
additional studiez included in section ITA 5.5.13 of the prezent dossier and the CLH
report.

2. Results of the rat and rabbit teratogenicity studies

In a rat teratology study flumioxazin was admimistered to dams by gavage during
gestational days 6 through 15 Fetuses were removed by Caezaran section and
examined for external skeletal and visceral abnormalitiez on gestational day 20
(SET-00-0012). Flumioxazin caused embryolethality, teratogenicity (mainly V3D and
wavy ribz), and growth retardation at 30 mgkg (Table 1). In contrast, flumioxazin
caused no developmental tomoity at doses to 3000 mg'kg mn rabbits treated during days
6 through 18 of gestation (SBT-11-0017),

Table 1 Bummary results of the rat teratology study with flumisxamn

0 mzkg 0 mzlkg
Embryoroe deaths 5.6% 20.4%
Fetal bodymeight Msle:3 51z Female33ds | Male:3.00g Female:? Tz
VD 1.4% 25.5%
Wavy oba 0.6% 24.3%
6
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In the rat multigeneration study there was an Increase in resorptions and a decrease
1n both pup survival and average pup weight which were probably seen as an extension
of the causal effectz which produced embryolethality and growth retardation observed
1n the rat teratology study (SBT-21-00335)

3. Mechanism of rat teratogenicity induced by flumioxazin

The mechanizm of the developmental tooncity of flumiceazin in rats is presented in Fig.
&

a) Flumioxazin inhikits PPO, which 15 the penultimate enzyme in heme biogynthesis
and is localized  mitochondria (Fig. 1). Itz inhibition results in degeneration of fetal
erythroblasts leading to anemia.

b) Severe fetal anemia leads to the fetal death

¢l Surviving fetuses are growth-retarded as mdicated by a decrease m body weight.
They compensate for thiz anemia by pumping a greater volume of blood which leads to
chzerved enlarcement of the heart just prior to closure of the interventricular foramen.
This results mn delayed closure of the foramen represented as V3D in the term fetus due
to mechamical distortion of the heart or abnormal blood flow.

d} Concwrrently serum protein is decreaszed in the fetus resulting in wavy ribzs.

Growth

retardation

PPO inhibition Fetal Enlarged P VSD
Degeneration of anemia heart
ervthroblasts
Decreased Wavy ribs
serum
protein

Fiz. I Meckamem of developmental tomeory mduced by flumicxazn
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The mechanizm described above was based on a series of studies dezioned to elucidate
the bazes of the speciez zpecific developmental tomcity produced by flumioxazin in rats
but not in rabbits. These studiez were evaluated during the previous review of
flumioxazin for Annex 1 inclusion and were summarized in the DAR. The mode of action
described below was endorsed by the Scentific Committee on Plantz (Opinion
SCPRFLUNMIC/002-Final 23 May 2001).

Az summary it has been demonstrated:

3.1 The cnfical period for zensitivity to the developmental effectz of flumicxazin
mcluding fetal death, reduced fetal bodyweight and VSD is day 12 of gestation
(SBT-30-0044). This suggests a common mechanism for the three types of
developmental effects.

3.2 A strong correlation exists between PPIX accumulation, considered to result from
PPO mmhibition, and developmental toxicity. Evadence for thiz correlation iz bazed on
differences between rats and rabhits, the critical period of sensitivity to
developmental effectz in rats, and compound-specific differencezs between two
chemicalz of the N-phenylimide family The latter are structurally related to
flumioxazin: cne (3-23121) that produces developmental effects in rats and one
(S-23031) that does not (PPT-00-0023, SAT-11-0024). Protoporphyrin IX accumulates
in rat fetuses in response to flumiczazin but not in rabbit fetuses (SBT-0061).
Protoporphyrin X accumulation is observed when rat fetuses are treated with the
developmentally toxic compounds flumicxzazin and 5-23121) that cause significant
PPO inhibiticn (SBT-0062). The peak period of PPIX accumulation in rat fetuses
corresponds to its developmental effects (SBT-0063, SBT-30-0044). This correlation
demonstrates a close link between PPO inhihition and developmental abnormality.

3.3 Histological examination of rat fetuszesz at light and electron microscopic levels after
oral administration of flumiczazin (1000 meke) to dams on gestational day 12 ithe
day of greatest sensitivity) demonstrated mitochondrial lesions. These mmcluded
abnormal iron deposits, probably due to inhibition of heme hiosynthesis, in
polychromatophilic erythroblastz that were observed az early az 6 hours after
treatment. Subsequent degeneration of these ervthroblasts was indicative of fetal
anemia (SET-0064).

Histological examination of heartz from expozed embryos revealed thinning of the

- 156 -



ventricular wall by 36 hourz after treatment. Thiz may reflect compensation for the
lozz of embryonic blood cells. Therefore, the V3D causzed by flumioxarin appears to
result from inhibition of heme biosynthesiz rather than from direct mgury to
embryomic heart fizsue.

Mo effects were obzerved in rabbits treated in the same manmer az ratz (SBT-0064)
The ohzerved difference in histolopical changes between rats and rabbitz completely
corresponds to thoze of developmental toxcity and PPIX accumulation causzed by

exposure to flumioxazin

3.4 Obzervations in the pathogenesiz of developmental effectz of flumioxazin in rat
fetuzes mmcluded: anemia, reduced serum protein, enlarged heart. edema. delayed
closure of the interventricular foramen, and mcomplete/delayed ossification of the
ribz (Figs. 3 and 4).

Severe fetal anemia iz observed up to gestational day 16 following treatment wath
flumicxazm (400 mglkeg on gestational day 12. Fetal death occurs by gestational day
15 as additional lethality is not obzerved from gestational day 15 through 20.

Enlarged heart 15 zeen among surnving fetusez in concurrence with severe fetal
anemia. This suggests that enlarged heart resultz from pumping greater volumes of
blood n compensation for fetal anemia. Enlargement of the heart precedes
interventricular foramen closure. Therefore, the V35D caused by flumioxazin 15 due to
farlure of heart clozure resulting from mechanical distortion of the heart or abnormal
blood flow rather than from direct toxic effects of flumioxanin on cardiac tizzue.

Concurrently, decreased serum protein 1= observed in the fetus, presumahbly due to
reduced production in the hiver in response to hyporda. The resulting ozmotic
imhalance causes edema. Beduction of fetal serum proten leads to incomplete/delayed
ossification of the ribs and the wavy ribs seen at term (SET-0065).
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Fig. 2 Hematology and blood chemdztry of fetal blood following flmmioxazin
reatment on gestational day 12
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Fig. 4 Morpholegical observation of fetuses following flumioxazin treatment on
gestational day 12

3.5 Species- and compound-related differences were obhzerved in in vatre mhibition of
FPO and in wioe inhibition corresponded closely wath PPIE accumulation and
teratogenicity, Thuz, PPO mhibition 1z conzidered to be the primary cause of
developmental toxicity in ratz. Sensitivity of PPO activity extracted from adult female
Lver was found to be comparahle to that of embryome PPO, suggesting that mhibition

10

- 158 -



of adult hiver PPO 1z indicative of embryonic PPO mhihition. Based on the relative
senmitivity to inhldobitiom of adult hver PPO in the three species tested
{rac=human=rabbit}, rick azzezzments uzsing the WOAFET. for studies in the rat protect
humans more than adequately (SBT-31-0045, SBT-0060).

4 Relative sensitivity of adult and fetus

Porphyria and sideroblastic anemia were observed in adult ratzs in studies of the effects
of dietary administration of flumicoxzazn. In =zderoblastic amenua, iron cannot bhe
incorporated info hemoglobin and deposits in mitochondria. The imitial histological
change observed in rat embryos was irom depositz 1n mutochondria, and PPIX was
accumulated in treated embryos in the mechanistic studiez with flumioxazin. Thus, rats
develop an anenua both in fetuzes and adults in the same manner.

Anemna was evident at 1000 ppm (65 - 73 mg'ke'd) and sheht anemia was present
females at 300 ppm (22 mgkegd! In a rat 13-week =zubacute study by dietary
admymistration (SBT-10-0023). Anenna was prezent in the absence of overt tommolty as
shown by no adverse clinical zigns or body weight and food consumption changes. The
developmental LOAEL was 30 mg'ke in the abzence of overt maternal toxcity in the rat
teratology study by gavage and there iz likely to have been an underlying anemia bazed
on the results of the 13-week study Sencitivity to mhibition of PPO extracted from
adult female hiver 15 comparable with that of PPO from embryos, as shown mn table 2.

Although direct comparsons between adult and fetal responses to flumioxazin are
complicated by differences in routes and duration of exposure, it does not appear that
there 15 a significant difference in sensitivity to the development of anemia hetween
adult and fetal rats.

Tahle 2 Comparison of ICzq. (nhD) for rat PPOs derived from adult liver and embryo

Chemicals 3-23031 = 3231214 flumicxazin
Adult liver 793 11 ¥
Embryo dayl2 344 47 12
Embryo dayls 204 20 G

a) The N-phenylimide family structurally related to flunioxazin
5-23031 1= non-teratogenic and 5-23121 1= teratogenic.
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5. Evaluation of other potential Mode of Action

5.1 Accumulated PPTE

Becausze PPIE accumulation corresponded to the developmental toxicity of flumioxazing
it nught be assumed that developmental toxicty of flumioxazin iz mediated through the
same mode of action as the herbicidal one. If photodymamic action 1= a cause of
developmental toxicity, a photodymamic dye should be a developmental tosxicamt.
However a photodymamic dye, rose bengal exhibited neither embryolethality nor
teratogenicity in rats (2). The light would not sufficiently reach embryos through the
maternal body wall to induce photodynamic action of accumulated PPIX 1n embryos.
Protoporphyrin IX 15 assumed to bhe an endogenous lipand to the perpheral
benzodiazepine receptor on mitochondria. Presumably acting through the receptor,
PPIX czuppressed DINA replication In mouse zpleen lymphocytes im waire (30
Nevertheless many of the benzodiazepoinez such as diazepam, lorazepam, clonazepam,
and oxazepam failed to exhihit teratogenicity in rats (4). Accumulated PPIX is
conzidered to be indicative of PPO inhibitiom rather than a causative factor in
teratogenicity.

5.2 Form of anemia

Flumioxazin caused hypochromic microcytic anemia that generally occurs as a
consequence of impaired hemoglobin synthesis (5). Impairment of hemoglobin synthesis
1z caused by iron-deficency or defective porphyrin metabolizm resulting in abnormal
iron accumulation in ervthroblasts termed sideroblasts. As indicated in mechamistic
studies, iron deposition in mitochondria was an initial hiztological change and increased
sideroblasts were observed Flumioxazin induced anemia is due to nmhibition of
porphyrin metabolizsm rather than iron deficiency.

5.3 Relationzhip between fetal death and malformation

In zome cases fetal death 1z attrbutable to malformation. Beck and Llovde
investigated the relationship between fetal deaths and fetal malformation by treating
rats with trvpan blue at day 8.5 and examining the uteri and fetuses on days 11.5, 14.5
and 205 of gestation (6). Because the incidence of fetal malformations fell with a
corresponding rise in fetal deaths as pregnancy proceeded, the authors concluded that
fetal death was a result of pre-existing fetal malformation in the majority of cases. In
the flumioxazin studies, most of the dead fetuses were obhzerved by day 15 while VED
can be diagnosed following completion of closure of the interventricular foramen on day
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16. Consequently, fetuses were dead prior to closure of the mterventricular septum
mdicating that VSD 1z not the direct cause of conceptal death but rather ccours 1n come
surviving fetuses. Thiz supports fetal anemia as the cause of embryomic deaths rather
than deaths from malformations.

54WSD

Initial histological changes ohserved in rat embryos were iron deposits in mitochondna
and dilatation of motochondrial matrnx space in polychromatophilic erythroblasts.
Following the mitochondrial lesioms, affected ervthroblastz degenerated in the
embryvonic circulation and were engulfed by macrophages. Treatment-related changes
mn the embryomic cardiovascular system and hver accompanied the appearance of
eryvthroblastic lesions. Thinning of the ventricular walls of the heart 15 iIndicative of
dilatation of the ventriclez, and reflectz a compenszatory reaction to embryonic anemia
since enlargement of heart was observed corresponding to decreased hemoglobin
content and reduced red blood cell number. Increazed stroke volume in the heart iz an
impartant reaction to anemia (7). No treatment-related changes In myocardial cells
were observed at the electrom microscopic level As noted previously, the
mnterventricular foramen closes from day 15 to day 16. In our studies, exposed hearts
were enlarged from day 14 and completion of ventricular septa formation was delayed.

Clark has proposed five pathogenic modes of actioms for some congemital cardiac
malformations hased on mechanism rather than anatomic anomaly, They are
ectomesencymal tissue mugration abmormalities, abnormal intracardiac blood flow
(cardiac hemodymamics), cell death, extracellular matrix, and abnormal targeted
growth (8).  Clark stated that perimembranous ventricular septal defect may reprezent
abnormal fusion of the muscular, inflow and outflow zepta, and that deviation of the
septal components by abnormal blood flow pattern may lead to defects in this region of
the heart (9.

A comparizon of sensifive periods for development of V3D between flumioxazin and
several other agentz chows conziderable differencez in peak semsitivity, E-ray
wrradiation (10) and mmustine (11), an alkylating agent, or bizdiammnie (12}, which acts
on the prohiferation or magration of mesencyme, probably produce VSD by direct
mjurious effects (cell damage) on the fetal heart. The peak of sensitivity to these agents
occurs between days 8 — 10, while the most sensitive day for flumexazin-mduced-VSD
1z gestational day 12.

Earlier studies by Haring {13) and Clemmer and Telford (14) support the proposed
mechanizm by chowing that prenatal hypoxia produces cardiovascular abnormalities
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mcluding VED in ratzs. Jaffee stated that, when hypomia was uszed as a teratogenic agent
following the onszet of circulation, distortion of the form of the heart tube was a primary
lesion {15).

Thus, overall it iz concluded that V5D caused by flumioxazin iz attrabuted to fetal
anemia and not to any other direct Injurious effect on the heart.

2.5 Wavy ribs

Wavy ribs are induced in the later stages of mb chondnfication and ozzification, and
may be indicative fetal pathology as opposed to malformations. It may be possible that
many agents produce wavy rbs through several mechamszms leading to two final
common effects including inlibition of nuneralization and mmcreazed uterine tone. Renal
loop diuretics and beta-stimulants have beemn studied in detal because they are
azsocated with a high mmadence of wavy nbs. Maternal serum chloride was decreased
after treatment with furosemide. a renal loop diuretics. Co-administration of a
muscular relaxant reduced the incidence of wavy ribz after furosemude exposure.
Deecreazed fetal zerum alkaline phosphataze and total protein were reported following
exposure of fenoterol, a beta-stimulant (16}, Flumioxazin decreased fetal serum protein
and mcreazed Incomplete/delayed oszification of the ribs. The mncreazed mmcidence of
wavy ribs 15 more likely to be aszociated with theze changes rather than being caused by
a different mechanzm

2.6 Link between fetal anemia and developmental tooacity

A link between fetal anenna and developmental effects observed in the flumoxazin
teratogenicity study 1z also demonstrated 1 recent studies with arteszunate, an
anti-malarial drug. Artesunate induces developmental abnormalities conzizting of fetal
death, srowth retardation and anomalies such as V5D, rib abnormalitiezs and bhent long
bomes (17). Embryonic ervthroblasts are the primary target of artesunate toxcity and
conzequent embryonic anemia resulted 1 developmental toxicity similar to that
produced by flumioxazin (18).

2.7 Spenes difference in metabolizm between ratz and rabbits

When pregnant rats and rabhits received oral adminizstration of 1*C-flumicxazin at 30
mgkg for seven consecufive days, no clear pattern of absorption, distributiom,
metabohzm or excretion was seen that could account for the speciez specific
developmental tomicity n rats. After imtial dose, Cmax'min of 14C concentration in
plazma ranged from 4.49 to 0.70 in rats and from 4.14 to 1.02 in rabhitz. In both species
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maost of the previous dosze of 1*C was excreted before the next dose, and the metabolic
profiles of flumioxazin were similar (19).

5.8 PPO inhibitory activity of metabolites

Oral dozes of [phenyl-14C] flumiczazin (30 mg'ks) administered to pregnant rats from
gestational days 6 through 12 crosz the placenta and reach the rat fetus. Major
metabolites in the fetus included 30H-flumioxazn, 40H-flumicxazin, and APF (19). In
order to determine the active form that imhibitz PPO, we employed in wire PPO
inhibifion assays uzing liver extracts prepared from adult, female hivers. Experiments
were conducted with flumicxazin and itz three major metabolites (20). The recults
showed that flumioxazin was the strongest PPO inhibitor. There was no metabolite that
could account for the species-zpecific developmental torcity in rats based on the degree
of PPO inhibition.
The possibality of a direct effect of metabohites on developmental tomcity 1= also
considered. APF was detected at higher concentrations in rat fetuses compared with
other metabolites. It 1= a benzoxazinone molety formed from cleavage of the amide
linkage. There 1z convincing evidence that embryvolethality and VSD are attributed to
the consequences of fetal anemia and that the fetal malformations are not the causzative
factorz in embryonic deaths. The spectrum of developmental effectz associated with
flumioxazin 15 consistent with a single mode of action. Therefore, it iz considered very
unhkely that a metabolite would be a direct acting teratogen causing V5D and skeletal
anomalies by a mechanizsm that was independent of fetal anemia and emhbryolethality.
Furthermore, the main metabolite APF wasz also detected in rabbit fetuzes and no
developmental toxicity was seen 1n rabbits at a dose level 100 times higher than that
causing developmental toxicity in the rat. Fetal concentrations of metabolites at this
doze level in the rabbit would be much higher than thoze in the rat.

A peak sensifive period was common to embryolethality, teratogerocity and growth
retardation with flumioxazin and the effect levels were identical at 30 mgkg in
successive administrations and at 400 mg'ke in single doses during the sensitive period.
The evidence supports a single mode of actiom to be the basiz of the three types of
developmental toxdcities.

In concluzion there 1= no compelling evidence for any other MOA for the developmental

tocdcity of flumioxazin in the rat.
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6. Critical biological events for the rat teratogenicity and their

relevance to humans

Az has been elucidated, PPO inlobition by flumicxazin iz the primary cause of a
sequence of developmental effects on the rat fetus, and anemia 1z the crtical event
resulting in developmental toxicities including morphological abnormalities.

The mitial site of hemopoiesiz in the embryo 1= the yolk zac, later shifting to the hiver.
Erythroblasts derived from yolk sac are Enown to actively symthesize hemoglobin at
mid-gestation. The 1mfial changes ohserved m flumoxarin-exposed rat embryos were
wron depozits 1n mitochondria and dilatation of mitochondrial matrix space m
polychromatophylic ervthroblasts, which are derived from yolk sac. The accumulation of
iron destined for incorporation into porphyrin would be provoked by deficient heme
bicsynthesis in mitochondria in erythroblasts (Fig. 1). Polychromatophilic erythroblasts
are intermediate-stage erythroblasts mn erythroid maturation that actively synthesize
hemoplobin. Late erythroblasts, which are called orthochromatophilic erythroblasts, are
postmitotic. A characterisic of wolk sac hemopoiezsis 15 that ervthroid cells
synchronously undergo maturation as a relatively homogeneous population. Thus cell
death causzed by flumoxazin induces an encrmous loss of blood cells in developine rat
embryos, presumahly because most eryvihroad cells are lost synchronously and
remaining cells no longer proliferate. As noted a hnk between fetal anemua and
developmental effectz haz alzo been demonstrated in studies with artesunate, which
mduces fetal anemua and developmental tomcity similar to that produced by
flumioxazin

Crverall, 1t 1= concluded that the postulated mechanizm of developmental toxcity 1in the
ratz has bheen elucidated with a high degree of confidence. Sumitomo has further
mvestigated the followmeg biwolomical evenmts m order to assess thewr relevance asz
indicators of potential developmental tomicity of flumioxzazin in humans. The new
studies referrved to in this section are summarized in ITA 5.6.13 of the dossier and the
CLH report.

6.1 Relative sensitivity to mhibition of PPO by flumioxazin among species

Since PPO inhibition 1= the 1mtial events in the developmental tomeity of flumicxazing
cpecies differences in PPO inhibiton in e (hver) in ratc and humans were
mvestigated as part of the mechanistic studiez descmbed above. Inhibition curves are
chown in Fig. 5. Rat PPO was most senzifive to inhibition by flumioxazin among the
gpecies tected while bumans were intermediate between rats and rabbits (Table 30
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Table 3 Comparizon of ICs0= (nA) among three species for PPOs derved from adult hver

Species rat rabhit humsan

ICs0 715 138 17.3

PPO exsts in complicated and hnghly-organized structure in mitochondria. Accessibality
of flumioxazin to PPO in the cell can be different from that in the iz wire model
employing mitochondrial extracts. Therefore, PPO imhimtion by flumioxazin was
mnvestigated using cryopreserved hepatocytes of rats, rabbitz, monkeve and humans
(21). The results are shown in Fig. 6. No PPIX accumulation was oheerved in rabbit and
monkey hepatocytes at the maxdmum tested concentration of flumioxazin. Remarkahble
accumulation of PPIX as the result of PPO mhibotion in hepatocytes was chserved in
rats with a smaller amount of PPTX detected in human hepatocytez. Theze resultz show

that human PPO iz lezs sensitive to flumioxazin than rat PPO at the cellular level.
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6.2 Induction of anemia by PPO inhibition

In general tomcity studiez and teratogenicity studies of flumioxazin, the rat 1z the most
sensitive animal species among rats, mice, dogs and rabbits. Anemia, attributable to
PPO mhibition, 1= the primary tomc effect in rats caused both m adults and embryos.

Sumitomo has investigated whether or not PPO inhibation in erythroblastz can cause
anemia m humans Porphyrias are dizorders in which the activities of the enzymes of
the heme hicsynthetic pathway, including PPO, are deficient. They can be claszified as
either hepatic or erythropoietic, depending on the principal site of expression of the
specific enzymatic defect. The tizsue-specific expreszion of porphyrias 1= largely due to
the tiszue-zpecific control of heme pathway gene expressicn, especially at the level of
aminolevulinate symthase (ALAS) the first and rate-llmiting enzyme of heme
bicsynthesis (Fig 1) (22). In liver, hemoprotein enzymesz are rapidly turned over in
recponse to cwrrent metabolic needs. The activity of ATASI the housekeeping
izoenzyme of ATAS in normal hver is the lowest among all enzymes 1n the heme
hiocsynthetic pathway. In ervthrood cells, the activity of ALAS? (the erythroid-specific
1zpenzyme of ALAS) iz induced only during the period of active heme symthesiz, and is
regulated by the amount of free iron prezent (230

Variegate porphyna (VP 1= a dizease assoaated with PPO deficiency. VP 1= categornzed
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az hepatic porphyria and the main symptoms are neuronal manifestation and dermal
inflammation. Hepatic porphyrias usually do not include anemna or hematological
problems. Anemma was not found m hepatic porphirmias attributable to marked
deficiency of delta aminolevulinic acid dehydrataze (ALATY, coproporphyrinogen
cmdaze (CPO), or PPO. This suggestz that defective enzvmatic activity resulting in
disturbances in heme binsynthesis in liver does not necezsarily limit heme synthesiz in
ervthroid cells (22). Variegate porphyria is associated with reduced PPO content and
ATAD activity in erythrocytes. Ervthrocytez counts were not affected by VP and
hemoplobin, hematocrit, mean corpuscular volume, and mean corpuscular hemoglobin
in VP were slightly higher than their controls. The low rate of heme production in VP 15
enough to generate the same, or even greater, quantity of hemoglobin as control women
(24).

In contrast to VP, erythropoletic protoporphyria (EPP) reculting from deficiency of
ferrochelataze (FECH), the last enzyme in the heme biosynthetic pathway (Fig.1),
sometimes includes nuld anenua with hypochronua and microcytozis or mild anemia
with reticulocytosis. Iron accumulation in ervthroblasts and ring ziderchlasts ccour in
some EPP patients (22} Mihcrocytic amemma occurs in 20%0 to 60% of patients.
Erythropoiesic was impaired in most patients with dominant EPP from the UK and
France and all had a downmward shift m hemoglobin (23). FECH deficiency in EPP
results 1n the accumulation of protoporphyrn almost exclusively in erythromd tizsue,
even though FECH i1z deficent in all other tissues in these patiemts. Thiz finding
suggests that FECH activity can become rate hmiting in ervthroid cellz, but not in other
tizzues when the enzyme 1tself or itz substrate, ron, 15 partially deficient (230

Recently families with X-hnked dominant protoporphyria (XIDPP) have been
dezcmbed. Patientz with thiz dizorder have normal FECH activities, mmdicating that
protoporphyrin accumulation is not caused by FECH deficiency (25). Patients chowed
neither anemia nor ron overload. Theruption of the C-terminal regon of ATAS? leads to
markedly increased ATLAS? activity and the production of protoporphyrin in excess of
the amount reguired for hemoglobimzation. These findings suggest that the rate of ATA
formation 1= increased to such an extent that insertion of Fe inta PP by FECH becomes
rate limiting for heme symthesiz (26).

Theze chinical findingz demonstrate that PPO activity in human erythroid cells is
much higher than FECH or ATAS? activity, which is rate-linmiting in heme hiosynthetic
pathway in human erythroids. It is therefore unhikely that PPO deficiency would induce
anemia or disturbances of heme symtheziz 1n human erythrod cellzs. In contrast, the
results of toxdcity studies in rats suggest that in rat exythroad cells, PPO actinty is close
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to a rate-lnnting enzyme activity. Therefore decreazed PPO activity hecomes
rate-limiting in porphyrn production n ervthroids resuling in PPIX accumulation.
1ron deposit, and anemia.

Enzvmatic activities from varous tissues are presented in Table 4 (27-32). Although
the data are derived from non-erythroad tissues, we present them to illustrate relative
actnties in human and rat tissues. In humans PPO activity could be higher than other
enzymes. In rats FECH activity varies and PPO activity 15 not necessarily higher than
FECH.

Table 4 Activities of enzymes in the heme synthetic pathway (nmol'h/'mg proteint

ATAS CPO FPO FECH

Human | Fibroblast 0.003-0.005 |- 212 0.032
Liver F 0.6 10.8 3.72
Leucocyte * o 873 (.24

rat Liver (mitochondria) | - - 3 87
Liver (homogenate! 12 10.2 318-42
Liver (mitochondria) | 0.61 27 B85 8.0

- > ot reported

To experimentally demonstrate that human erythroids are resistant to the disturbance
of heme synthesis and mduction of anemia by flumoxazin-induced PPO mhibition,
Sumitomo conducted a study with E562 cells, which are derived from human
ervthroleukemia. They are used as a model for human erythrood maturation zsince K262
cells can be differentiated mto hemoglobin-synthesizing cells by treatment with varous
mducers. Although accunmlation of PPIX resulting from PPO inhibition was obzerved
m E562 cells, no effects were obzerved on heme content and cell proliferaton (Fiz. 7)
(33) even when treated with 5 pM of flumioxazin. This concentration iz cloge to its water
solubility linat (1.79 mgL) (34). It 1= also 90 tumes greater than the concentration of
002 ppm (0056 pAD found in rat embryos from dams treated repeatedly with
teratogemic doses of 30 mefke (15).
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Fig.7 Effocts of flummoxazn on PPIY accumulator and keme production of K362 cells

A phyziclomically bazed pharmacokinetic (PBPE! model for flummoxazin was developed
to predict flumioxazin concentration in the maternal blood and fetus of preonant human.
Flumicxazin concentrations in pregnant ratzs (30 mgkp po) were used to develop the
PEPE model in pregnant rats using physiclopical parameters from the literature and
chemical-specific parameters from our expernmental results and ftting, then, the
developed rat PEPE model wasz extrapolated to the human model. An mm 13fro
metabolizm study using rat and human liver microsomes was conducted to analvze the

cpecies differences in the metabolism of flumoxazn between rat and human In
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addition, a hibiary excretion study was conducted m bile duct-cannulated female rats to
determine the % absorbance of flumioxazin after oral administration at 1000 mglkg (35).
The developed human pregnant mode]l demonstrated that flumicxazin concentration in
the human fetus at doze of 1000 mglke po was 0.68 ppm (1.92pdD (36). This
concentration is lower than the maximum no effect concentration of 5 pb in K562 cells
supporting the wew that humans would not be zuszceptible to anemma and the
developmental effects of flumioxazin

Human erythroblasts are considered to be non-susceptible to flumoxazin when treated
at concentrations as high as 5 yM.  These concentrations are sxpected to far exceed
thoze attained 1n human embryvos following flumicxazin exposure.

Moreover, a study with E5G2 cells was conducted to investigate effects of the three
major metabolites including 30H-flumioxazin, 40H-flumicxazin, and APF at 5 plI (37).
None of the metabolites exhobited any effectz on heme and PPIX contents, and cell
proliferation although flumioxazin mcreased PPIX in K562 cells. The results showed
that there were no metabolites that could have a more potent effect om human
erythroids than flumioxann.

Clinical and experimental data demonstrate that PPO activity in human erythroids
would be higher than the activity of a rate-hmiting enzyme mm the heme synthetic
pathway, and that humans would not become anemuc as a result of flumiczazin
expozure even in the presence of PPIX accumulation caused by PPO mhabition.

6.3 Synchronous maturation of erythroblasts

In ratz, a characteriztic of hemopoiesiz in yolk zac iz that erythroid cells undergo
synchronous maturation as a relattvely homogeneous population. The morphology and
population characteristics of blood cells in rat embryos demonstrated that a vast
majority of erythroblasts are polychromatophylic on gestational day 12, the day of the
greatest sensitivity, and orthochromatophilic ervthroblasts on gestational day 14, when
rat embryes were much less sensitive to flumiczazin (Fig. 8) (38).

Thiz explains, in part, why flumioxazin induces an enormous and synchronous loss of
blood cells 1n rat embrvos exposed to flumnoxazin. In contrast to rats, a relatively
heterogeneous population was observed in human primitive hemopoiesis by Kelemen
(Fig. 8) (39), who classified the erythroblast into three types. It is conceivable that the
type III erythroblast corresponds to the orthochromatophilic erythroblaszt, and type I
and type II correspomd to earlier ervthroblastz, presumahbly basophilic or
polychromatophibc. Relative populations of type I I, and ITT observed m yolk =ac range
from 7% to 40%, from 21% to 8§89%, and from 4% to 65%, respectively, during the period
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from commencement of human primitive hemopoesis in week 3-4 to completion of
ventricular septum formation in week 8 (40). Thus in humans, even if a particular
population 15 lost. hlood cell loss could not be as massive as in rats.

Rat sensitive period Rat non—sensifive Human (week 7--8)

dav 12 period (day 14

-
Polychromatophilic Orthochromatophilic
erythroblast erythroblast

Fiz. B Exrythroblasts in the rat and human embryo

6.4 Vulnerability of erythrocytes exposed to various agents
It iz known that rat ervthrocytes are more fragile than human ervthrocytez when
exposed to cemotic imbalance, pH change (41) and oxidative damage (42).

6.5 Relationship between developmental periods of primitive erythropoiesis and
interventricular foramen closure

The appearance of hlood cell lozz and resulting enlarged heart preceding completion of
ventricular septum formatiom 15 mdispensable m V5D mduction smmee VSD does not
occur after the completion of ventricular septum formation. Primitive hemopoiesis
ocours hefore and dwing ventricular septum formation in both ratz and humans,
demonstrating that there 1= no species difference at this stage of development:
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7. Conclusions

There is comvincing evidence for a single mode of action causing the developmental
toxicities in rats. The sequence of kev biological events in the proposed mode of action
has been elucidated.

The studies have lead to the following understanding of the different developmental
susceptibilities to flumioxazin in rats and humans, and whether the rat 1z a relevant
model in the assessment of the human hazard of flumozazin. Owverall, 1t 1= concluded
that the human embryo would be far lezss senzitive than the rat embryo to the effects of

flumioxazin for the following reasons:

7.1 Human PPO iz significantly less sensitive to flumicxazin than rat PPO in v7tro and
at the cellular level.

7.2 Decreased PPO activity in rat ervthroids results in anemia leading to developmental
tordcities. In contrast, reported clinical evidencez demonstrate that PPO actimity is
much higher than a rate-limiting enzyme in the heme biogynthetic pathway in human
ervthroids. It 1z therefore very unlikely that the reduction of PPO activity could induce
anemia or dizsturbance of heme synthesis in human ervthroids.

7.3 Human erythroblastz are considered to be non-zuszceptible to flumioxazin when
treated at concenfrafions that are expected to far exceed those attained in human
embryvos following flumioxazin exposure. Pharmacokimetic modeling in the rat and the
human predicts that human erythroblastz would be insusceptible to flummoxazin at
exposures excecding a maternal dose of 1000 mglke/d.

7.4 Because of a lesz homogeneous population in primitive ervthropoiesis in humans,
lozs of particular population would not lead to a massive drop in red cells.

7.5 Rat eryvthrocytesz are more fragile than human erythrocytes.

The rat 1z therefore an mappropriate model for assessing the developmental toxicity of
flumicxazin in humans because of species-gpecific sensitivity to PPO inhibition inducing
fetal anemia in rats and consequent developmental toxcity. There iz conzsidered to be no
plauzible scenario whereby humans would be at risk of developmental toxicity given the
species difference in susceptibility to flumioxazin and potential for anemia.
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ANNEX 2
AN UPDATE OF A DISCUSSION OF THE MECHANISTIC RESEAR CH CONDUCTED
ON THE DEVELOPMENTAL TOXICITY OF FLUMIOXAZIN (BASED  ON STUDIES
PRIOR TO THE PUBLICATION OF FLUMIOXAZIN IN THE 28TH  ATP OF THE DSD)
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INTRODUCTION

V-53482 WP Herbicide is under deveiopment by Valent U S.A, for control of breadieaf
weeds in soybeans and peanuts. V-53482 WP Herbicide is a fow use rate preemergence
herbicide which will be packaged as a 51% wettable powder in water solubie bags to
minimize exposure to mixerfloaders, The product controls susceptible weeds as g
preemergence freatment in conventional, minimum, or no-tillage soybeans and
preemergence treatmant in peanuts. V-53482 WP Herbicide Is applied at 1.5 to 3.0
ounces of formulated product per acrs, which is eguivalent to 21.7 to 43.4 grams active
ingredient per acre. The active Ingredient is flumioxazin, 7-fluoro-6-[{3 45 8-
tetrahydo)phthalimido]-4-(2-propynyl)-1.4-benzoxazin-3(2H)-one.

The chemical structure of flumioxazin is shown balow:

F
0 N
&71\1 d

d “—c=cn

Valent .S A previously submitted a series of developmental toxicity studies and a rat
reproduction study as part of the supporting documents for both a crop-destruct
Experimental Use Permit (EUP) (submission date: February 23, 1283) and a temporary
tolerance EUP {submission date: August 3, 1953} with V-53482 WP Herbicids. The
submitted studies included an oral rat teratology study (Reference 1), a dermal rat
teratology study (Reference 2), an oral rabbit teratology study (Reference 2) and a two-
generation rat reproduction study (Reference 4). Dstailed summaries of these reports are
included in Section C of the Section 3 registration submission.

In essence, it has bean shown that Flumioxazin Technical produces developmental toxicity
in rats in the absence of maternal toxicity, at doses of 30 mg/kg/day by the oral route and
300 mglkg/day by the demmal route. The no-cbservable-effact-level (NCEL) for these
studies are 10 and 100 mgfkg/day, reepectively. [EPA's selection of NOELs for these
studies wera 3 and 30 mg/kg/day, respectively, for the oral and dermal rat studies. Valent
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provided a rebuttal (MRID No. 43935508) to EPA's choice of NOELs and is awaiting EPA's
response.] The developmental effects noted consist primarily of decreased live feluses
and fetal weights, cardiovascular abnormalities {mainly ventricular septal defects [VSD]),
wavy ribs and a decreased number of ossified sacrococcygeal vertebral bodies. On the
ofher hand, the response in rabbits was very different from that in rats. Flumioxazin
Technical produced no developmental toxicity in rabhite even at a maternally toxic dose
of 3000 mao/kg/day. In a very limited study with mice at a dose of 100 mg/ko/day, no
develspmental toxicity was chserved (Referance §5),

The reproductive effect in rats of high doses (200 ppm and greater) of Flumioxazin
Technical was cbhserved in the reduction of number of livebom, pup weights, viability index,
litter size, and increased clinical and necropsy cbservations related to pup morbidity for F,
and F, offspring. Reduced epididymal, testes and prostate weights as well as a raduced
number of rats mated were noted for F, males at 300 pom, the highest doze tested.
Reproductive effects observed for P, and F, females at 300 ppm related primarly to the
logs of litters, pup deaths and an increase in the number of F, fernales that did not deliver
a litter, Overall, the lowest NOEL for both generations for systemic and adult reproductive
toxicity was 200 ppm and for effects on F, and F, offspring the NOEL was 100 ppm.

MECHAMISTIC STUDIES

After reviewing the results of these studies, Valent U.S.A. and its parent company,
Sumitome Chemical Company. bellevad the species difference in developmental toxicity
was striking and initiated an extensive research program to determine which species was
more ralevant to risk assessment for humans and develep a bettar understanding of the
mode of action by which flumioxazin preduces developmental toxicity In rats. This
document is an update of a white paper dated July 21, 1883, discussing the mechanistic
research, which was provided to EPA as part of the submission for the temporary tolerance
EUP.

An hypothesis was developed, outlined In Figure 1, which postulates the mechanism by
which developmantal toxicity is produced by flumioxazin. In this scheme, initial research
findings indicated that flumioxazin inhibits a key enzyme, protoporphyrincgen oxidase
{PPQ), in rats, thareby interfaring with normal heme synthesis, and resulting in anemia.
We postulate that the fetal anemia leads to hypoxia in fetal tissues followed by suppressed
liver function and a decrease in protein synthesis. We suggest that the decreased protein
synthesis would result in wavy ribs and changes in osmotic forces leads to the edema
observed in the fetus. Concurrently, the fetus would compensate for the anemia by
pumping a greater volume of blood leading to the observed enlargement of the heart.
Thus, we belleve the V5D ohserved in the teratology study is produced by mechanical
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distortion of the heart. The two other signs of developmental taxicity raporied, growth
retardation and fetal death, we believe, are also related 1o the hypoxia produced by the
anemic condition In the fetus

This document will discuss the resuits from the mechanistic research project which address
many paris of the postulated mechanism of production of developmental toxicity in rats
foliowing exposure to flumioxazin:

1. Hematotoxicity of flumioxazin in rats
2. Placantal transfer of flumicxazin
3. Critical period of embryonic sensitivity

4. Histopathological study of early stages of development in rat and rabbit ambryos
following expozsure to flumioxazin

5, Pathogenesis of developmental effects produced by flumioxazin

8. Proteporphyrin IX (PPIX) accumulation in embryos
a. Specigs differences between rat and rabbit embryos
b. Compound differences in PPIX accumulation in rat embryos
c. Critical period for PPIX accumulation in rat and rabbit embryas

7. Inhibition of proteporphyrinogen oxidase (PPO) in rat, rabbit and human tissues

The reports of each of these studies are provided as part of the data submission for the
Section 3 registration submission for V-53482 WP Herbicide. Studies for which only data
summary reports were availabie at the time of the temporary tolsrance submission are now
part of Section 3 registration package as full reports.

HEMATOTOXICITY OF FLUMIOXAZIN

Hematotoxicity in the form of reduced hemoglobin level, hematocrit value, mean
cerpuscular hemoglobin, mean corpuscular volume, myeloid/erythroid ratios, and red blood
cell counts, was observed in rats following subchronic dietary exposures of 300 to 3000
ppm of Flumioxazin (Reference 6 and 7). Similar findings of anemia were observed in the
chronic/oncogenicity study in rals at doses of 500 and 1000 ppm (Reference B8). The
anemia lasted throughout the treatment period, however, it was not progressive nor
aplastic in nature. Mesan hemoglobin and hematocrit were also reduced in rats in a 21-day
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dermal toxicity siudy at a dose of 1000 mg/kg/day, however, no other signs of
hematotoxicity were present (Reference 8).

The rat appeared to ba the senstive species regarding the finding of anemia. No findings
indicative of anemia or other type of hematotoxicity were observed in either the four-week
subchronic (up to 10000 ppm) (Reference 10} or the 18-month oncogenlcity study (up to
7000 ppm) with mice (Reference 11). Anemia was also nol observed in degs during the
conduct of the subchronic or chronic studies at doses up o 1000 mgfkgiday (Reference
12 and 13).

A study was designed to elucidate the mechaniam by which flumioxazin induces the
specles-specific ansmia in rats (Reference 14). Female Crj:CD (SD) rats ware expozed
to 3000 or 10000 ppm flumioxazin in the diet for up to 5 weeks. Serial determinations of
hematological endpoints, blood biochemistry, urinary coproporphyrin and free erythrocyte
pretoporphynn were obtained. Hematolegical changes at 3000 ppm and the higher dose
ievel included decreased erythrocyte count, hemoglobin, hematoerit, mean corpuscular
volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration and
bone marrow myeloid/ierythroid ratios. Increases in sidercblasts, enythroblasts and
platelets were also noted. Neutrophils and reticulocytes decreased early in the treatment
pariod but increased during the later stages. Urinary coproporphyrin and erythrocyte
preporphyrin levels were increased in the 3000 ppm group, the highest dose tested for
these endpoints. Treatment-related findings reported for the blood biochemistry analyses
include increases in serum iron, total cholesterol, blond urea nitregen, sodium and
potassium, as well as decreases in GOT, uric acid, calclum and triglyceride. Increased
liver and spleen waights were also notad,

These findings suggest that the flumioxazin-associated anemia in adult rals can be
classified as a sideroblaslic anemia. Considering the increases in porphyrins and
sideroblasts, the anemia results primarily from interference by flumioxazin in the normal
herne pathway during the process of hemoglobin bicsynthesis, At the same timea, the
incraase in blood parphyrin level suggests that flumioxazin Induces porphyria in rats.

FLACENTAL TRANSFER OF FLUMIOXAZIN

Two placental transfer studies were conducted to determine if the rat fetus was exposed
to flumioxazin following an oral dose delivered to the dam, the degree of exposure and the
nalure of metabolites. In addition the placemtal transfer studies examined the same
parameters in the rabbit and the mouse, two species in which developmental toxicity was
rnot produced by flumioxazin. The purpose of the placental transfer studies was 1o
determine the extent of fetal exposure to flumioxazin as well as whether any species
differences existed in this parameter between rats, mice and rabbits.

CIT sprv'whate des
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In the first study, a single oral dose of 30 mg/kg of [phenyl-“C]V-53482 was administered
to rats on day 12 of gestation and to mice on day 10 of gestation (Reference 15), "“C-
Concentrations in maternal and fetal tissues were measured 1, 2, 4, 8, 24 and 72 hours
after administration. “C-Excretion into urine and feces during 24 hours (mice) or 72 hours
(rats) after administration was also examined. Metabolites in excreta, bloed cell, plasma,
liver and fetus (mouse only) were analyzed in this experiment.

"“C-Concentrations in maternal tissuas reached maxima and decreased more rapidly in
mice than in rats. “C-Concentration in the fetus reached maxima 1 hour after
administration for both species and decreased rapidiy thereafter, with half-lives of 14 and
5 hours for rats and mice, respectively. The maximum “C-concentration In the fetus was
1.05 and 1.72 ppm for rats and mice, respectively.

The excretion of “C was almost complete within three and one days for rats and mics,
respectively. The total “C-excretion was 85.7% (feces: 74.7% and urine: 21.0%) for rate
and 95.8% (feces: 72.9% and urine: 22.9%) for mice.

The metaboliem of flumioxazin was qualitatively similar between pregnant rats and mice.
However, it appeared that 3-hydroxylation activity was higher in pregnant rats than in
pregnant mice. The major metabolita in the mouse fetus at one hour after administration
was 4-0H-V-53482,

In the second study (Reference 16), a single oral dose of 30 ma/kg [phenyl-"*C]V-53482
was administered to pregnant rais and rabbits on day 12 of gestation. Matemal tissues and
fetuses were oblained at 1, 2, 4 and 24 hours after dosing for analysis of “C
" concentrations and at 1 or 2 and 24 hours for analysis of metabalites in blood calls,
plasma, liver and the fetus,

After 24 hours, the "“C excretion in rabbits was found to be much slower (30.2%) than rats
{76.6%). "'C Concentrations in the fetus, amniotic fluid and matemal tissues wera greater
in the rat than the rabbit with liver and kidney accounting for the greatest concentrations
in each species. The maximum “C-concentrations in maternal tissues were higher than
those observed in the fetus or amniotic fluid for both species. Maximum "C concentrations
in the fetus were 0.782 and 0.2 ug eguivalents of flumioxazin/g tissue far rat and rabbit,
respectively, observed at 4 hours afier dosing for both species. For these timepoints where
metabolite identification was available for fetal tissue (1 and 24 hours for rats and 2 and
24 hours for rabbits), the highest concentration of parent flumioxazin was 0.06 (at 1 hour
after dosing} and 0.02 {at 2 hours after dosing) uglg tissue for rals and rabbits,
respactively,

CiT.'!-FnL"d-Iulr.dl:‘-c
10 My 23, L1997

- 186 -



These data indicate flumioxazin does cross the placenta and that both parent and various
metabolites ara present in maasurable guantities in the fetus. At the same dose leval, the
concentration of “C and of flumioxazin is greater in rat fetuses than rabbit fetuses but less
than that found in the mouse. No clear pattern of absorption, distribution, metabolism or
excretion was evident which could account for the species-specific developmental toxicity
in rats,

CRITICAL PERIOD OF EMBRYONIC SENSITIVITY

One of the first steps in our research program on the developmental toxicity of Flumloxazin
Technical was o determine the critical period of embryonic sensitivity. To this end,
pregnant rats were administered a single dose of 400 mg/kg of Flumioxazin Technical in
0.5% methylceliulose (MC) on one day of gestation beginning on day 11 threugh day 15
(Referance 17). This dose was selected as one which would produce fetuses with VSD
following a single dose without producing excessive fetal deaths. Rats were sacrificed on
day 20 and uterine and fetal examinations were performed. Live fetuses were sexed,
weighed, examined externally and fixed in Bouin's solution for examination for VSD. Day
12 of gestation was determined to be the most sensitive day based on the incidence of
embryonic deaths (39.4%), fetal weight reductions, and incidence of VSD (14%),
suggesting a common mechanism for {eratagenicity, embryolethality and growth
retardatian.

In studies of other agents such as x-ray iradiation (Reference 18) and nimustine
{Referance 18) which produca VED, prebably by direct damage to the heart via thelr ability
to damage cells, the critical peried was determined to be earlier than day 12 of gestation.
This suggested to us that flumioxazin might not praduce V5D through direct damage to
embryonic heart tissus but rather through some indirect means.

HISTOPATHOLOGICAL STUDY OF EARLY STAGES OF DEVELOPMENT IN RAT AND
RABBIT FETUSES FOLLOWING EXPOSURE TO FLUMIOXAZIN

As part of the mechanistic research program, an examination of the histopathological
changes in rat and rabbit embryos was undertaken (Reference 20). The chjective of the
study was to look for evidence of direct and/or indirect effects of flumioxazin on embryonic
development by a histological examination at light and electron microzcopic ievels
Pregnant rats and rabbits were administered 1000 mg/kg flumicxazin in 0.5% MC on day
12 of gestation. Control animals received 0.5% MC en day 12 of gestation. Rats were
sacrificed at 6, 12, 24, 36 or 48 hours after treatment and rabbits at 6, 24 or 46 hours.
Embryos were examined externally and then subjected to examinations of umbilical blood
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smears and light or electron microscopic examination of tissugs. Umbilical blocd smears
were stained with Berlin blue for detection of cellular iron. Sagittal or transverse sections
of the tharaco-abdominal region of the fetuses were prepared and stained with hematoxylin
and eosin for light microscopic examinations. Some sections with heart and liver were
stained with Berlin blue and examined. The hearts and livers of some fetuses were
prepared for examination by electron microscopy.

No embryonic desths were observed in rats at 24 hours after treatment. The first
intrauterine deaths were observed at 36 hours and embryonic mortality increased to 83.2%
at 48 hours after treatment. A primary effect was observed in circulating erythroblasts.
Mitochondrial iron depesits in polyehromatophilic erythroblasts; dilation of the mitechendrial
matrix in polychromatophilic erythroblasts at & hours post-dosing; and erythroblastic cell
death evident after the appearance of the mitochondrial lasions were obsarved. Thess
findings suggested the production of anemia in the rat embrye. No histopathological signs
in the embryanic rat heart were observed up to 24 hours after treatment, and no csll death
in the embryanic rat heart was observed up to 48 hours after treatment suggesting that no
primary injury to the embryonic heart was produced by flumioxazin. Histological changes
ir the rat embryonic hearts at 36 or 48 hours after treatment did include thin ventricular
wall: peorly developed ventricular trabeculae; and hypoplasia of the muscular septum and
endocardial cushions of the atrioventricular canal.

No treatment-related changes in the external appearance of embryos or intrauterine deaths
ware produced in rabbits. Likewise, neither iron deposits in erythreblasts of rabbit embryos
nor histopathological changes similar to those produced in rat embryos were produced in
the rabbit embryo.

Clearly, this study supports the species differences observed in other mechanistic studies
and further elucidates the biochemica! changes and pathogenesis of the developmeantal
toxicity produced in rats by flumioxazin.

PATHOGENESIS OF DEVELOPMENTAL EFFECTS PRODUCED BY FLUMIOXAZIN

In a continuation of the mechanistic research for flumioxazin, a study was designed o
investigate the ontogeny and pathogenesis of a variety of developmental endpoints in rat
embryos and fetuses (Reference 21). Pragnant rats received 400 mg/kg of lumioxazin on
day 12 of gestation and embryos/fetuses were collected on days 13 through 20 of
gestation. Embryosietuses were axamined externally for enlargement of the heart and
adema of the whole bady. One half of the litters ware examined internally for closure of
the Interventricular foraman: the other half of tha litters were used to measure the number
of red blood cells, hemoglobin, and serum protein, and then examined for wavy ribs.
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The indicators of devalopmental toxicity were first apparent on day 14 of gestation when
treatad embryos were observed to have an enlarged heart, edema and anemia (decreased
red blood cell count and hemogiobin), These effects were also observed on days 13 and
16 of gestation, after which the values for treated litters were similar to controls. Beginning
on day 15 and continuing to day 20, mortality in the treated litters was increased. The
martality rate was relatively constant throughout this peried indicating that all deatns
ocourred during the earfier period. This is consistent with the early resorptions observed
in other developmental toxicity studies with flumioxazin. Closure of interventricular feramen
began on day 16 of gestation |n contral fetuses (72.7% closed). Closure of interventricular
foramen did not ocour in any treated fetuses on day 18 (0%) and the percentage with
closure on day 17 was well balow control values (88.7% control vs 23.9% traated). On
day 20, the foramen of 85.2% of the control fetuses had closed with only 57.7% of the
treated fetuses reaching this milestene, In a separate study, it was determined that the
V3D did not resolve during the postnatal period and is a pemmanent malformation
(Reference 22). Serum protein concentration was reduced ondays 15 and 16 of gestation
in treated Iitters and recovered by day 17 to values similar io contrels. In treated litters,
evidence of incomplete chondrification of the ribs was observed on day 16; delayed
ossification was observed on day 17; and on day 20 wavy ribs and other skeletal
abriormalities were observed.

These data suggest that the enlarged heart, edema, and anemia preceding the cccurrence
of the fatal mortality may be instrumentst in the cause of death. Similarly the occurrence
of enlarged heart preceding the fallure of the interventricular foramen closure could be
related to the pathogenaesis of this finding.

PROTOPORPHYRIN IX (PPIX) ACCUMULATION 1N EMBRYOS

Flumioxazin is a photobleaching agent whose herbicidal activity is considerad to be derived
from inhibition of porphyrin biasynthesis, a key step In chloraphyll production in planis
(Figure 2). Treatment of plants with flumioxazin results in the accumulation of
protoporphyrin IX (PPIX) in plant cells, probably due to inhibition of protoporphyinogen
oxidase (PPQ) and autcoxidation of protoporphyrinogen 1X to PPIX (Reference 23).
Porphyrin biasynthesis is commen to plants and animals as part of chiorophyll and heme
synthesis, respectively. Therefore, considering the blological activity of Flumioxazin in
plants and indications of hematotoxicity in rats in subchronic (Reference € and 7) and
¢hronic toxicity studies (Referenca 8), mechanistic studies were conducted examining the
accumulation of PPIX in animal embryos exposed to flumioxazin,
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To determine if there was a species difference in accumulation of PPIX in rat and rabbit
embryos, pregnant rats and rabbits were administered a single oral dese of 1000 mg/kg
flumicxazin in 0.5% MC on day 12 of gestation. The concentration of PPIX in embryos and
matemal livers measured al 2, 6, 12, 18 and 24 hours after administration for rats and 2,
8, 12, 24 and 48 hours after administration for rabbits (Reference 24). The concentration
in maternal rabbit liver and rabbit embryos was low al all time points. Bais, on the other
hand, displayed much higher concentrations with peak PPIX concentrations cbserved at
12 hours after administration for embryos and at 8-12 hours for matemnal livers. Relative
to the PPIX concentration in the rabbit tissues, there was approximately a 6-fold greater
concentration in maternal rat liver at 12 hours and approximately a 175-fold greater
concentration in rat embryos at 12 hours. These data support the hypothesis that there is
a biochemical difference in the response of these two species to flumiaxazin,

. | DI ses in PPL ion in RatE
Three chemically related compounds (flumioxazin, V-23121 and V-23031, sea Figure 3}
have been tesied in standard FIFRA guideline developmental toxicity studies in rat and
rabbits. Both flumioxazin and V-23121 were found to produce the same pattern of
developmental toxicity in rats (Reference 1 and 25) and were negative when tested in
rabbits (Reference 3 and 28}, V-23031, however, did not produce developmental toxicity
aven when tested at 1500 ma/kg/day In rats, a dose well above the test |imit dose of 1000
mg/kg/day, or at 800 mg/kg/day in rabbits, a dose which produced maternal toxicity
{Reference 27 and 28),

To investinate whether a compound difference in PPIX accumulation was presant in ral
embryos, pregnant rats were administered 1000 mg/kg of each compound late on day 12
of gestation and PPIX accumulation in whela embryas and maternal livers was measurad
14 hours [ater (Refersnce 29). The 14 hour time peried was selected because it
approximates the peak PPIX accumulation time point reported earliar (Referance 24).

Both flumioxazin and V-23121 induced remarkable and similar amounts of PPIX
accumulation in rat embryos, with the PPIX concentration in treated embryos more than
250 times that of control fetuses. The PPIX concentration in matemal livers of rats treated
with either flumioxazin or V-23121 was approximately three times that observed in livers
of control animals. Tha PPIX concentration in embryos of V-23031 treated rats was similar
to the value for control embryos, while the concentration in maternal livers was similar or
glightly higher than control, Thus, there is 2 strong correlation between PPIX accumulation
in embryos and the chemicals which were identified as developmentsl toxicants
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Further investigations of the comelation of PPIX accumulation in rat embryos in response
to exposure to flumicxazin examined whether the critical period for PPIX accumulation was
similar to that which was found for the production of developmental toxicity. Pregnant rats
received 400 mo/kg flumioxazin and pregnant rabbits received 1000 mag/kg flumioxazin as
a single oral dese on cne day of gestation beginning on day 10 through day 15 (Reference
30). Animals were sacrificed 14 hours later and the PPIX concentration in embryos was
determined. Clear spscies differences were confirmed, with rat embryos presenting
significant increases in PPIX accumulation compared to both contrel rat embryes and
treated rabbit embryos. Peak PPIX concentrations occurred in the treated rat embryos
after dosing on days 11 and 12, slightly different from the other critical period study
because of the slight difference in time of day at which the dose was administersd. Rabhit
embryos showed no significant accumulation of PPIX at any time period. The results of this
study support the correlation of critical period of developmental toxicity with the critical
period for induction of PPIX accumulation in rat embryos exnosed to flumioxazin,

INHIBITION OF PROTOFPORPHYRINOGEN OXIDASE (PPO)
IN RAT AND RABBIT TISSUE

As discussed earlier, PPO is a key enzyme In heme synthesls, catalyzing the
transformation of protopomphyrincgen 1X to pretoporphyrin IX which nermally proceeds 1o
formation of protoheme (Figure 2}, Three in vilro studies ware inifiated to determine
whethar flumioxazin would inhibit PPO in adult liver and/or whole embryos.

In the first study flumioxazin and two chemically related compeounds (V-23121 and V-
23031, see Figurs 3 for structures} were tested far their effect on PPO activity in adult
liver, day 12 embryos and day 15 embryos of rals and rabbits (Reference 31). Viable and
metabolicaily active mitochondria were prepared from each of these tissues and incubated
with substrate, protepomphyrinogen, and the following concentrations of each test chemiczak:

! Ghamizal | Concentrations Testad (M)
flumioxazin 10%, 16* 107, 10* 10°, 10°°
V-23121 10°%, 10%, 107, 10°, 10F, 10°
\V-23031 104 105 105 400 407 108

The refative potency for inhibition of PPO from mitochondria of all tissues was flumioxazin>
V-23121 => V23031, IC,, values determined in this study are presented in Table 1.
Differences in sensitivity between the two species were observad, with rat fissua exhibiting
a greatar sensitivity ta PPO inhibition by the test chemicals than rabbit tissues. Adult liver
and embryo mitochondria showed similar sensitivity to PPC inhibition by the test chemicals,
suggesting that adult liver mitochondria could serve as a source of PPO in future
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experimenls and eliminating the requirement for embryonic tissue. The results of this study
further support the hypothesis that the developmenial toxicity in rats s related to the
interruption of normal heme synthesis by flumioxazin

Since adult liver was shown to be an adequate surrogate for embryonic tissue in the prior
study, only adult liver samples were used in the two studies that followed. The second In
vitro study, conducted in the same laboratory as the study cited above, examined effects
on PPO activity produced by \V-53482 in adult female human liver samples in addition to
those from rats and rabbits (Reference 32). This study is unique and probably the most
significant study of all the mechanistic studies conducted bacause for the first time a direct
comparison of results with human tissues versus those results with rat tissue could be
mad.

Mitochondria were prepared from the livers of adult female rats, rabbits and humans. The
human liver spacimens were acquired through cooperation with organ procurement
organizations from braln-dead human organ donors. The inhibition of PPO activity was
studied in freshly prepared mitochandria. The final test concentrations were as foliows:
far human -- 10%, 10°%, 10%, 107, 10°, and 10 M; for rat and rabbit - 10°%, 10°, 107, 10°%,
10° and 10°'® M. The caiculated IC,, values are presented in Table 2. The relative
sensitivity of the species to PPO Inhibition by V-53482 was rat > human > rabbit. The 10,
for human liver PPO was 0.0173 £ 0.0044 M. The IC., determined in the current study
for rat liver mitochondria agread very closely with that determined in the previous study
(0.00715 0,002 compared to 0.00808 £ 0.0027 »M reported In Reference No. 33). The
|G, for flumioxazin to rabbit liver PPC determined in the present study was slightly higher
than the value obiained previously (0.138 £0.0739 uM compared to 0.0518+0.028 uM).
Thess data are compelling. Civen the extent of association of PPO Inhibition and the
production of developmental effects observed in other studies along with the relative
increased sensitivity of the rat compared to human mitochondria to PRO inhibition, Vaient
concludas that the rat is a conservative surrogate for the human in the risk assessment for
flumicxazin

The third study, conducted in Sumitomo's laboratory under different experimental
conditions., examinad tha effect of flumioxazin and the other two structurally refated
chemicals on PPO activity in adutt female rat and rabbit liver (Referencs 31). A summary
of the IC,, values from all three studies for adult liver samples is prasented in Table 2.
While there were differences in the absolute values for the ICis between the two
laborateries, the relative effects remained the same. Specifically, rabbit tissue was less
sensitive to PPO inhibition than rat tissue and flumioxazin and V-23121, the two agents that
produced developmental effects in rats, toth praduced the greatest inhibition of PPO.

The data from these three studies support the following conclusions:

1. Whila thers was some difference in values between the two laberatories, the relative
potency of the three chemicals is flumioxazin > V-23121 2> V-23031,

9 The relative relationship of PPO Inhibition between the three specles tested Is rat >
human= rapbit.
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3. Using only the IC,, values obtained in the same experiment for the three spacies the
relative relationship is still;

rat (0.00715 LM} = human (0.0173 L) = rabbit (0.136 M)

Therefara, on the basis of relative sensitivity to PPO inhibition, risk assessments using
NOEL for studies in the rat more than adequately protect humans,

SUMMARY AND CONCLUSION

Studies with filumioxazin indlcate that this chemical produces developmental toxicity in rats
but in not rabbits or mice, An hypothesis is presenied in this document which postulates
a mechanism for the specific developmental toxicty observed and accounts for the species
differences as well. A series of mechanistic studies were conducted 1o provide support for
this hypothesis and demonstrate that the rat is a valid and conservative surrogste for the
hurnan in the risk assessment of flumioxazin

We have demonstrated that:

@ Flumioxazin interferes with normal heme biosynthesis resulting in sideroblastic
anemia and porphyria in adult rats,

o "C-Flumloxazin administered to pregnant rats on day 12 of gestation crosses the
plasenta and reaches the rat fetus at maximum levels of Y“C and parent,
flumioxazin, 4 hours later.

6 No clear paltern of absorption, distribution, metabolism or excretion was evident
which could account for the species-specific developmental toxicity in rats.

e The critical period for senstivity to the developmental effects of flumioxazin in rats
is day 12 of gestation. This comrelates with the peak period of PPIX accumulation
In matamal rat liver and the rat fetus.

e A histological examination of rat fetus indicated signs of fetal anemia within 6
hours after dosing but no histological changes in the fetal rat heart were chserved
until 36 or 48 hours after treatment. No effects wera observed in rabbit embryos
treated in the same manner as the rats.

@ Other cbservations in the pathogenesis of the developmental effects of
flumioxazin in rat fetuses included: enlarged heart, edema, anemia (decreased
red blood cell count and hemoglobin), delayed closure of the interventricular
foramen, reduced serum protein and incomplete/delayed ossification of the ribs.

® The observation of enlarged hean, edema and anemia preceding the occurrence
of fetal mortality suggest these effects may be instrumantal in the cause of fetal
deaths,
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® The cccurrence of an enlarged heart preceding the failure of interventricular
foramen closure eould be related to the pathogenesis rather than a direct toxic
effect of flumioxazin on cardiac tissus.

® A strong correlation exists between PPIX accumulation. an indicator of disrupted
heme synthesis, and developmantal toxicity, Evidence of this corralation exists
on the basis of species differences betwesn rats and rabbits; the critical period
of sensitivity to developmental efiects in the rat. and compound-specific
differences with two chemicals structurally related to Flumioxazin, one which
preduces developmental effacts in rats and one which does not

® Species-and compound-related differances were also observed in the in wvitro
inhibition of PPO, an key enzyme in normal heme synthesis, Based on the
relative sensitivity to PPO  inhibiton in  the thres species tesled
(rat>human=>rabbit), risk assessments using the NOEL for studies in the rat more
than adequately protect humans.
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