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FOREWORD

The National Registration Authority for Agricultural and Veterinary Chemicals
(NRA) is an independent statutory authority with responsibility for assessing
and approving agricultural and veterinary chemical products prior to their sale
and use in Australia.
In undertaking this task, the NRA works in close cooperation with advisory
agencies, including the Department of Health and Aged Care (Chemicals and
Non-prescription Medicines Branch), Environment Australia (Risk Assessment
and Policy Section), the National Occupational Health and Safety Commission
(NOHSC) and State departments of agriculture and environment.
The NRA has a policy of encouraging openness and transparency in its
activities and of seeking community involvement in decision making. Part of
that process is the publication of public release summaries for all products
containing new active ingredients.
The information and technical data required by the NRA to assess the safety of
new chemical products and the methods of assessment must be undertaken
according to accepted scientific principles. Details are outlined in the NRA's
publications Ag Manual: The Requirements Manual for Agricultural Chemicals
and Ag Requirements Series.
This Public Release Summary is intended as a brief overview of the assessment
that has been completed by the NRA and its advisory agencies. It has been
deliberately presented in a manner that is likely to be informative to the widest
possible audience thereby encouraging public comment.
More detailed technical assessment reports on all aspects of the evaluation of
this chemical can be obtained by completing the order form in the back of this
publication and submitting with payment to the NRA. Alternatively, the
reports can be viewed at the NRA Library Ground Floor, 22 Brisbane Avenue,
Barton, ACT.
The NRA welcomes comment on the usefulness of this publication and
suggestions for further improvement. Comments should be submitted to the
Executive Manager-Registration, National Registration Authority for
Agricultural and Veterinary Chemicals, PO Box E240, Kingston ACT 2604.
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INTRODUCTION

This publication provides a summary of the data reviewed and an outline of the regulatory
considerations for the proposed registration of Balance 750 WG Herbicide (Balance) which
contains the new active ingredient, isoxaflutole.
Responses to this Public Release Summary will be considered prior to registration of the
product. They will be taken into account by the NRA in deciding whether the product should
be registered and in determining appropriate condi lions of registration and product labelling.
Copies of full technical evaluation reports on isoxaflutole, covering toxicology, occupational
health and safety aspects, residues in food and environmental aspects are available from the
NRA on request (see order form on last page). They can also be viewed at the NRA library
located at the NRA offices, Ground Floor, 22 Brisbane A venue, Barton ACT 2604.
Written comments should be submitted by 30 April 2001 and addressed to
Ranjit Gajanayake
Agvet Chemicals Evaluation Section
National Registration Authority
POBoxE240
Kingston ACT 2604

Phone (02) 6272 5567
Fax (02) 6272 3218

Applicant
Aventis CropScience Australia Pty Ltd
Product Details
It is proposed to register Balance containing isoxaflutole at 750glkg as a water dispersible
granule for use as pre and post emergent control of broadleaf and grass weeds in sugarcane.
Balance will be manufactured overseas and imported as a fmished product for sale.

Isoxaflutole is a low use rate herbicide with novel mode of action. It interferes with
carotenoid synthesis and causes bleaching of new plant tissue and eventual plant death.
Isoxaflutole is a member of the isoxazole group of herbicides and for weed resistance
management it is a Group F herbicide.
Balance is registered for use in Argentina, Germany, Pakistan and USA for control of weeds
in maize. It is also registered in Colombia, St. Kitts, Barbados, Trinidad and Tobago for
control of weeds in sugarcane.
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CHEMISTRY AND ]\,[ANUFACTURE

Active Constituent
The active constituent Isoxaflutole is manufactured internationally by two sources
Kemira Fine Chemicals OY
Kemirantie 67100
Kokkola, Finland
(NRA No. 49455)

•

Eastman Chemical Company
Batesville
Arkansas, USA 72503
(NRA No. 52256)

Chemical Characteristics of the Pure Active Constituent
Common name:
Synonyms and code number:
Chemical name:

Isoxaflutole (SA approved/ISO Provisional)
RPA201772
5-cyclopropyl-4-(2-methylsulfonyl-4trifluoromethylbenzoyl) isoxazole (WPAC)
5-cyclopropyl-4-isoxazolyl [2-methylsulfonyl)-4(trifluoromethyl) phenyl] methanone (CA)

CAS Number:

141112-29-0

Molecular formula:

C1sH12F3NO4S

Molecular weight:

359.53

Chemical Family:

Isoxazole Group (Group F Herbicide)

Chemical structure:

0

S02 CH,

I
CF,

Physical Properties of Pure Active Constituent
Physical state:
Colour:
Odour:
Melting point:
Density/specific gravity:
Vapour pressure:

Granular Powder
White
No characteristic odour
140± 1°c
1.593 (20°C/20°C)
l.0x10·6 Pa at 25°C
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Physical and Chemical Properties of Technical Grade Active Constitnent
Physical state:
Colour:
Odour:
Melting point:
Solubility in Water
Density/specific gravity:

Granular Powder
Yellow
Slight characteristic odour (Acetic acid like)
135-136°C
6.2mg/L (20°C)
1.419 (20°C)

Solubility in organic solvents
at 20°C (g/l00mL)

Buffer (pH 5)
Acetone
Acetonitrile
Ethyl acetate
Dichloromethane
Hexane
Toluene
Methanol
Octanol

Octanol/W ater partition
coefficient
Flammability:
Explosive properties:
Oxidising properties:

0.00068
29.3
23.3
14.2
34.6
0.010
3.12
1.38
0.076

Log P = 2.34 at 20°C
Not highly flammable
No danger of explosion
Unreactive in the presence of Oxidising/Reducing
agents such as metallic iron, potassium permanganate or
ammonium dihydrogen phosphate.

Summary of the NRA's Evaluation of Isoxaflutole TGAC
The Chemistry and Residues Evaluation Section of the NRA has evaluated the chemistry
aspects oflsoxaflutole TGAC (manufacturing process, quality control procedures, batch
analysis results and analytical methods) and found them to be acceptable. On the basis of the
data provided, the following minimum compositional standards has been established for
Isoxaflutole TGAC:

Active constituent
Isoxaflutole

Not less than 950g/kg

PRODUCT
Distinguishing name:

Balance 750 WG Herbicide

Formulation type:
Active constituent
concentration:
Mode of Action:

Water Dispersable Granule
750g/kg Isoxaflutole
Isoxaflutole is an inhibitor of the enzyme p
hydroxyphenyl pyruvate dioxygenase. This enzyme is
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essential to plastoquinone biosynthesis, leading directly
to inhibition of carotenoid biosynthesis.

Physical and Chemical Properties of the Product
Physical state:
Solid Granule
Deep Beige
Colour:
Odour:
Odourless
Density or specific gravity:
1.44 g/mL
Acidity, alkalinity or pH value: 4.66
Stable for 14 days at 54°C
Storage stability:
Explosion limit
30g/m3 in air with particle size <63µm
Dangerous Goods
Classification

•

Self-Heating, Solid, Organic, N.O.S.
UN No. 3088
Class 4.2
Hazchem lY
Packaging Group III

Recommendation
Based on a review of the chemistry and manufacturing details provided by the applicant,
registration of Balance is supported.
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TOXICOLOGICAL ASSESSMENT

•

The toxicological database for isoxaflutole, which consists primarily of toxicity tests
conducted using animals, is quite extensive. In interpreting the data, it should be noted that
toxicity tests generally use doses that are high compared with likely human exposures. The
use of high doses increases the likelihood that potentially significant toxic effects wilI be
identified. Findings of adverse effects in any one species do not necessarily indicate such
effects might be generated in humans. From a conservative risk assessment perspective
however, adverse findings in animal species are assumed to represent potential effects in
humans, unless convincing evidence of species specificity is available. Where possible,
considerations of the species-specific mechanisms of adverse reactions weigh heavily in the
extrapolation of animal data to likely human hazard. Equally, consideration of the risks to
human health must take into account the likely human exposure levels compared with those,
usually many times higher, which produce effects in animal studies. Toxicity tests should also
indicate dose levels at which the specific toxic effects are unlikely to occur. Such dose levels
as the No-Observable-Effect-Level (NOEL) are used to develop acceptable limits for dietary
or other intakes at which no adverse health effects in humans would be expected.
Toxicokinetics and Metabolism

Studies with 14C-isoxaflutole in rats given single doses of I or 100 mg/kg, or I mg/kg/day for
16 days, showed that the compound is rapidly absorbed, extensively metabolised and rapidly
excreted in the urine and faeces. The half life in plasma is approximately 60 h irrespective of
dose. Parent compound was only found in the faeces of high dose animals. This fact, when
coupled with other pharmacokinetic data, suggests that there is a limit to the gastrointestinal
absorption of the compound. Characterization of the urinary and faecal metabolises suggest
that the major metabolise formed is a hydrolytic diketonitrile compound named RPA 202248.
Further metabolises of this compound are found in both urine and faeces. Experiments to
determine the metabolic fate of t4Cisoxaflutole in com, the diary goat and in laying hens, all
show parallels with the metabolic profile determined in the rat. In the goat and hen, muscle,
milk (goat) and egg (hen) residues are low. The highest residues were found in kidney and
liver. Pharmacokinetic experiments in the goat and hen show that isoxaflutole is quickly
absorbed and extensively metabolised. Elimination was rapid in the hen with 70 - 80%
eliminated within 24 hours but slower in the goat with 25 - 40% eliminated in 24 hours.
Tissue accumulation was not observed.
Acute Studies

Isoxaflutole has low acute oral, dermal and inhalation toxicity in rats. There were no deaths
and no clinical signs after dosing. Isoxaflutole was a slight eye irritant, but was not a skin
irritant or a skin sensitiser. The product, Balance 750 WG Herbicide, was of low oral, dermal
and inhalation toxicity. Following oral dosing, some diarrhoea was observed. Balance 750
WG Herbicide was a moderate eye irritant and a slight skin irritant in the rabbit, but was not a
skin sensitiser.
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Short-Term Studies

Mice fed isoxaflutole at 0, 175, 700, 2800 or 7000 ppm in the diet for 28 days had increased
liver weight increased from 175 ppm in males and from 700 ppm in females. Liver
enlargement was seen in males from 700 ppm and in females from 2800 ppm. Gross changes
to the liver, including white areas and an increased lobular pattern were seen from 2800 ppm,
while microscopic changes ( areas of dead cells, infiltration of inflammatory cells, and
increased liver cell size) were seen from 700 ppm. In a 13 week dietary study, mice were fed
isoxaflutole at up to 2000 ppm. Increases in liver enzymes were seen at 2000 ppm, and
increased liver weight was seen in males at 2000 ppm and in females from 1000 ppm. The
liver cells were increased in size from 1000 ppm with fatty droplets microscopically visible
within the cells at 2000 ppm in males. The NOEL for the study was 50 ppm, or 8 mg/kg
bw/day.
Rats were treated dermally with isoxaflutole for 8 hours/day for 21 days at doses up to 1000
mg/kg bw day. Corneal opacities were seen in both treated and control groups, with no dose
relationship. Liver weights were increased, particularly at higher doses. Rats fed isoxaflutole
in the diet for 6 weeks at doses up to 1000 mg/kg bw/day showed corneal opacities. There
was not a clear association with dose, however the severity increased with continued
treatment, and was rapidly reversible following the end of dosing. Some decreases in body
weight gain and food consumption were seen at 400 and 1000 mg/kg bw/day. Rats were fed
isoxaflutole in the diet for 13 weeks at levels producing doses of 0, 1, 3, IO or 100 mg/kg
bw/day. Corneal opacity was seen in all treatment groups, with increased severity at higher
doses. A range of changes to the cornea were seen microscopically, including exfoliation of
epithelial cells, cell death and inflammation, as well as changes associated with an ongoing
healing process. The liver weight was increased at I00 mg/kg low/day, with enlarged cells
seen microscopically from 10 mg/kg bw/day. In males, the kidney weights were increased at
100 mg/kgbw/day, with some mineral deposits seen at this dose. Based on the corneal effects,
a NOEL of 3 mg/kg bw/day was established.
Long-Term Studies

Mice were fed isoxaflutole in the diet at 0, 25, 500 or 7000 ppm for 78 weeks. Body weight
gain was decreased in both sexes at 7000 ppm and in males at 500 ppm. Liver weights were
increased from 500 ppm and liver size was increased at 7000 ppm. There were increases in
the incidence of benign and malignant liver tumours at 7000 ppm, a dose recognised as being
toxic to the liver. The increase in malignant liver tumours was only seen at 78 weeks in males,
while an increase in benign tumours was seen in males from 26 weeks and in females at 78
weeks. Microscopic changes to liver cells, including cell enlargement and cell death was seen
from 500 ppm in males and 7000 ppm in females. The liver tumours seen were considered to
be related to increased cell turnover, and were not considered of concern for human health.
The NOEL was 25 ppm in the diet, equivalent to 3 mg/kg bw/day.
Rats were fed isoxaflutole in the diet at levels to give doses of 0, 0.5, 2, 20 or 500 mg/kg
bw/day for 104 weeks. Body weight and food consumption were decreased at 500 mg/kg
bw/day. liver changes were seen from 20 mg/kg bw/day, with swollen livers and an increased
incidence of liver tumours seen at 500 mg/kg bw/day. Microscopic changes, including
increased liver cell size, were seen from 20 mg/kg bw/day. The liver changes, including the
liver tumours, were considered to be related to increased cell turnover related to metabolism
of a foreign compound. Increased thyroid weight with an increase in benign thyroid cell
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tumours was seen at 500 mg/kg bw/day. This was considered to be related to increased liver
activity which removed thyroid-produced hormones from the blood. This in tum resulted in
increased stimulation of the thyroid gland, leading to cell enlargement, increased cell division
and increased potential to develop tumours. Corneal opacities were seen in rats from 20
mg/kg bw/day, although microscopic changes were only seen from 500 mg/kg bw/day.
Abnormal gaits, related to degenerative and inflammatory changes in nerves and muscles,
were seen from 20 mg/kg bw/day. The NOEL was 2 mg/kg bw/day.

•

Beagle dogs were fed isoxaflutole in the diet at 0, 240, 1200, 12 000 or 30 000 ppm for 52
weeks. Males at 30 000 ppm showed weight loss, anaemia and general signs of ill health and
were euthanised after 13 weeks on humane grounds. Decreases in body weight gain were seen
in females from 12 000 ppm. No ophthalmological changes were seen at any dose. Liver
weights increased from 12 000 ppm, with microscopic changes including cell death, increased
cell size and fibrous changes. In the thyroid, doses of 12 000 ppm and higher produced
increases in cell size. There were no increases in tumour incidence at any dose. The NOEL
was 1200 ppm in the diet, equivalent to 46 mg/kg bw/day in males.
Reproduction and Developmental Studies

Rats were fed isoxaflutole in the diet at concentrations to give doses of 0, 0.5, 2, 20 or 500
mg/kg bw/day for 2 generations. Lower parental body weights and decreased food
consumption was seen at 500 mg/kg bw/day, but no effects on mating performance or
fertility were observed. Pup body weight was lower during lactation at 500 mg/kg bw/day. In
the first generation, pup viability was reduced from 20 mg/kg bw/day, while in the second
generation pup viability was only reduced at 500 mg/kg bw/day. In adults, increased liver
weights, liver mottling and microscopic changes including cell enlargement were seen from
20 mg/kg bw/day. Corneal opacities were seen in first generation rats at 500 mg/kg bw/day.
The NOEL was established at 2 mg/kg bw/day.
Pregnant rats dosed by gavage at 0, 10, 100 or 500 mg/kg bw/day from gestational days 6 to
15 showed reductions in food consumption and body weight at 500 mg/kg bw/day. Foetal
weight was decreased from I 00 mg/kg bw/day. Delays in ossification, and a slight increase in
minor skeletal variations were seen at 500 mg/kg bw/day; these changes were consistent with
maternal toxicity seen at this dose. The NOEL for maternal effects was 100 mg/kg bw/day
and the NOEL for foetal effects was 10 mg/kg bw/day, based on decreased foetal weight at
100 mg/kg bw/day.
Pregnant rabbits were treated with isoxaflutole by gavage at 0, 5, 20 or 100 mg/kg bw/day
during days 6 to 19 of gestation. Food consumption and body weight were decreased in the
dams at 100 mg/kg bw/day. There were increases in foetal skeletal anomalies, including
decreased ossification from 20 mg/kg bw/day. The NOEL for maternal effects was 20 mg/kg
bw/day and the NOEL for foetal effects was 5 mg/kg bw/day.
Genotoxicity

Isoxaflutole was negative in a bacterial mutation (Ames) test at up to 1000 µg/plate with or
without metabolic activation. It was negative in mutation tests in mouse lymphoma cells at
up to 600 µg/mL and Chinese hamster cells at up to 50 µg/mL with or without metabolic
activation. It was negative in chromosome aberration tests in human lymphocytes at up to
600 µg/mL, and in a mouse micronucleus test at up to 5000 µg/mL.
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Other studies
An acute study in rats at up to 2000 mg/kg bw by gavage and a 13 week study in rats at up to
750 mg/kg bw/day designed to investigate the neurotoxicity potential of isoxaflutole did not
show any neurotoxic effects.
Specific studies were conducted to investigate the corneal effects in rats. These effects were
considered to be due to effects on the enzyme which metabolises tyrosine, resulting in
increased blood tyrosine levels. A laboratory test using rat liver indicated that isoxaflutole
had some potential to inhibit the effect of the enzyme responsible for metabolising tyrosine,
and that an isoxaflutole metabolite was more potent against this enzyme. Increase blood
tyrosine levels were seen following dosing with isoxaflutole in mice, rats and dogs; levels in
the rats were higher than in mice, as they appeared to be unable to use alternate breakdown
pathways available to other species. This may result in the increased corneal effects seen in
the rat.
A study investigating the effects on liver weight, and comparing the effects of isoxaflutole
with those of the barbiturates indicated that isoxaflutole produced liver changes similar in
character to barbiturate dosing in mice and rats, although the dose of isoxaflutole required to
produce these changes was significantly greater than the dose ofphenobarbitol.

PUBLIC HEALTH STANDARDS
Poisons Scheduling
The National Drugs and Poisons Schedule Committee (NDSPC) considered the toxicity of
the product and its active ingredient and assessed the necessary controls to be implemented
under States' poisons regulations to prevent the occurrence of poisoning.
The NDPSC recommended that isoxaflutole be listed in Schedule 5 of the Standard for the
Uniform Scheduling of Drugs and Poisons (SUSDP)

NOEL/ADI
The lowest NOEL for isoxaflutole was 2 mg/kg bw/day in a 2-year rat study and a
2-generation reproduction study. The Acceptable Daily Intake (ADI) is therefore 0.02 mg/kg
bw/day, using a 100-fold safety factor.
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RESIDUES ASSESSMENT

The Chemistry and Residues Evaluation Section of the NRA has undertaken a residues
assessment of Balance, which is based on the new active constituent isoxaflutole. Balance is
a water dispersible granular formulation (WG) containing 750 g/kg isoxaflutole. Data
concerning isoxaflutole residues in sugarcane, metabolism in crops and animals,
environmental fate and chemistry were considered as part of the residue evaluation of the
application.
Metabolism
The metabolism of isoxaflutole in corn proceeds by hydrolytic attack to promote isoxazole
ring-opening to form the diketonitrile [2-cyclopropylcarbonyl-3-(2-methylsulfonyl-4trifluoromethylphenyl)-3-oxopropanenitrile, RPA 202248] which is further hydrolysed to the
corresponding benzoic acid derivative [2-methylsulfonyl-4-trifluoromethylbenzoic acid, RPA
203328]. No residues of parent isoxaflutole were detected in corn plants treated at 200 g ai/ha
with either pre-emergent or pre-plant applications. There was little translocation of the
radioactivity from the soil to plant tissues. In animals (hens and lactating goats), the major
metabolite observed in all tissues was the diketonitrile (RPA 202248) with small amounts of
diketoamine (RPA 205834). As with plants no residues of parent isoxaflutole were detected.
The plant metabolism study established that, in corn at least, the residue at harvest comprised
mostly the diketonitrile (RP A 202248, biologically active) and the corresponding benzoic acid
derivative (RP A 203328, biologically inactive).
Analytical Methods
Validated analytical methods were provided for determination of isoxaflutole and the
metabolites RPA 203328 and RPA 202248 in sugar cane (billets, forage, bagasse and juice),
animal products (muscle, fat, kidney and liver), milk and eggs. The methods involve
extraction of residues from the matrix with either chloroform or acetonitrile followed by
analysis using reverse phase HPLC with UV detection. The average recoveries of the
methods were >80% in all matrices. The Limit of Quantitation (LOQ) for each analyte in
sugar cane commodities was 0.01 mg/kg, and 0.05 mg/kg for animal commodities (tissues,
milk, eggs).
Residue Definition

The metabolism studies support a residue definition of:
Isoxaflutole the sum ofisoxaflutole, 2-cyclopropylcarbonyl-3-(2-methylsulfonyl-4trifluoromethyl-phenyl)-3-oxopropanenitrile and 2-methylsulfonyl-4trifluoromethylbenzoic acid, expressed as isoxaflutole.
The residue analytical method provided is capable of determining all three compounds in the
residue definition.
Storage Stability
Isoxaflutole and metabolites RPA 202248 and 203328 residues were shown to be stable in
plant commodities for up to 20 months when stored below -20°C. In animal commodities,
isoxaflutole and RPA 202248 residues were stable for up to 4 months under the same
conditions. Residues determined in the crop trials and the animal transfer studies are a true
reflection of actual residues in the commodities at sampling.
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Residue Trials
Sugarcane
Six Australian residue trials for isoxaflutole on sugar cane carried out at I.Ox to l.Sx the
proposed rate were submitted. Residues in whole cane, bagasse and juice as well as green
forage were <LOQ (0.01 mg/kg) at harvest, some 133-209 days after application. All the
trials measured the proposed residue definition as detailed above.
As no data were provided to address the failed crop situation, the following restraint was
included on the product label:
DO NOT GRAZE LIVESTOCK ON TREATED CROPS.
The following statement was included on the product label to reflect the application timing
used in the residue trials provided in support of this application.
DO NOT APPLY TO CROPS BELOW 0.75 MOR ABOVE 1.2 MIN HEIGHT.
This restraint should ensure that application of the chemical to mature sugar cane plants will
not occur and finite residues in sugar cane are therefore not expected.

Animal Feed Commodities and Animal Commodity MRLs
Sugarcane fodder
Waste products from sugar cane are fed to animals. At harvest the residues in the trials for
sugarcane, juice, bagasse and green forage were <LOQ. It is appropriate to set an MRL for
sugarcane forage at the LOQ (*0.0 I mg/kg).
The dietary exposure for animals is therefore estimated to be <0.01 mg/kg in the feed. From
the animal transfer study submitted for lactating dairy cows, residues in milk were <0.01
mg/kg for the 4.7 ppm dose group. Maximum residues (using the proposed residue definition)
in muscle, fat, kidney and liver were <0.05, <0.05, 0.505 and 1.84 mg/kg respectively for the
45.5 ppm dose group. Assuming residues scale with dose, the residue in animals exposed to
0.01 mg/kg in the feed would be <LOD for all tissues. It is therefore appropriate to set animal
commodity MRLs at the LOQ for the analytical methods, i.e. *0.05 mg/kg for milk,
mammalian meat and edible offal (mammalian).

Estimated Dietary Intakes
The chronic dietary risk from the use of isoxaflutole on sugarcane was estimated at 3.3% of
the acceptable daily intake (ADI) of isoxaflutole. This calculation is based on the ADI for
isoxaflutole of 0.02 mg/kg body weight and the mean consumption of the relevant
commodities for consumers aged 2 years and above. As it is widely recognised that this
calculation is a gross overestimate of actual dietary intake, it is concluded that the chronic
dietary exposure to isoxaflutole is low and the risk to the health of consumers of treated
produce is negligible. Since no acute reference dose has been set for isoxaflutole, the acute
dietary exposure of isoxaflutole has not been determined.
Bioaccumulation Potential
The log Pow value for isoxaflutole was determined to be 2.1. This log Pow value suggests that
isoxaflutole is not significantly fat soluble and is therefore unlikely to bio-accumulate in fat or
tissues.
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Recommendations for Registration

Registration of Balance, for use on sugarcane, is supported on the basis of evaluation of the
residue data.
Recommended amendments to the MRL Standard:
Table 1
Compound
Food
DELETE:
Isoxaflutole

GC 0659
MO0105
MM0095
ML0106

Sugar cane
Edible offal (mammalian)
Meat (mammalian)
Milles

MRL (mg/kg)

T*0.01
T*0.05
T*0.05
T*0.05

ADD:
Isoxaflutole

*0.01
GS 0659
Sugarcane
*0.05
Edible offal (mammalian)
MO 0105
*0.05
MM0095 Meat (mammalian)
*0.05
Milles
ML0106
* Denotes MRL set at or about the limit of analytical quantitation
The MRL recommendations indicated above will be conveyed to the Australia and New
Zealand Food Authority (ANZFA) for consideration for incorporation into Standard Al4 of
the Food Standards Code and consequent adoption into the State/Territory food legislation

Compound
ADD:
Isoxaflutole

Table 4
Animal feed commodity

MRL(mg/kg)

AM 0524

*0.01

Sugar cane fodder

Withholding periods:
HARVEST: DO NOT HARVEST FOR 19 WEEKS AFTER APPLICATION
GRAZING: DO NOT GRAZE ANIMALS ON TREATED CROPS

II

ASSESSMENT OF OVERSEAS TRADE ASPECTS OF RESIDUES IN FOOD

Overseas Registration Status

Isoxaflutole is registered for use on sugarcane in Colombia, St. Kitts, Barbados, Trinidad and
Tobago; on com in Argentina, USA, Germany and Pakistan; and on cotton in Argentina.
CODEX Alimentarius Commission
CODEX has not established MRLs for isoxaflutole.
Potential Risk to Australian Export Trade
When the product is used as directed, no quantifiable residues are expected in treated sugar
cane or other sugar cane commodities. Detection of residues in sugarcane by importing
countries is therefore unlikely. Consumption by animals of treated sugarcane produce is not
expected to give finite residues in animal tissues or milk. Consequently, the risk to Australian
trade in sugar and animal commodities is negligible.
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OCCUPATIONAL HEALTH AND SAFETY ASSESSMENT

Isoxaflutole is not on the NOHSC List ofDesignated Hazardous Substances. Isoxaflutole is
not hazardous according to NOHSCApproved Criteria for Classifying Hazardous Substances
(NOHSC Criteria).
Isoxaflutole will be manufactured overseas as a yellow granular powder with slight acetic acid
odour. Isoxaflutole has a very low acute oral and inhalation toxicity, and low acute dermal
toxicity. It is not a skin irritant and it produces slight but reversible eye irritation.
Isoxaflutole is not a skin sensitiser.
Balance is a water dispersible granule formulation and is not hazardous according to NOHSC
Criteria. Balance has very low acute oral and inhalation toxicity, and low acute dermal
toxicity. It is a slight skin irritant and a slight to moderate eye irritant. Eye irritation effects
were reversible within 17 days. Balance is not a skin sensitiser.
Formulation, Repackaging, Transport, Storage and Retailing

Balance will be manufactured overseas and imported as a finished product for sale. However,
Balance may be formulated in Australia in future. The formulation process is automated and
enclosed requiring only monitoring thereafter. The manufacturing facilities are also equipped
with either dust or vapour extraction systems to capture fugitive emissions during formulation
process.

The finished product will be packed in 1, 5 and 10 kg plastic high-density polyethylene
(HDPE) containers with screw-cap lid or plastic HDPE bag in cardboard containers. The
packaging process is also automated and has engineering controls similar to the formulating
facilities. Under normal conditions, workers are not expected to come in contact with the
finished product.
Transport and storage workers will handle the packaged product and can only be exposed if
the packaging is breached.
Advice on safe handling of the active and the product during routine use is provided in the
Material Safety Data Sheet (MSDS) for isoxaflutole and Balance, respectively.
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Use and Exposure
Balance will be decanted from the container into the spray vessel, mixed with water and
applied to sugarcane.

The product will be applied once a year at a rate of200 glha in a minimum of250 L water/ha
(0.08% EUP, 0.06% isoxaflutole) by ground (boom) spray application only. Balance will be
applied as a directed spray to the stool area ( cane row) and inter-row space when the crop is
between 0.75 m and 1.2 min height.
•

The main routes of exposure to Balance are dermal, ocular and inhalation. Workers may
become contaminated with the product during mixing, loading, spraying, cleaning up spills,
maintaining equipment or at re-entry into sprayed areas.
Balance is a granular product with particles of non-respirable size. Inhalation of chemical
dust is possible during mixing and loading. However, exposure to chemical dust is expected
to be minimum given the non-respirable size of the granules and the water dispersible
formulation of the product. Inhalation exposure to spray mist is not expected to contribute
significantly to adverse effects because isoxaflutole has low vapour pressure and is not
expected to be volatile. In addition, Balance showed low acute inhalation toxicity in rats.
Balance is a slight to moderate eye irritant and slight skin irritant. Face shield or goggles is
warranted to prevent ocular exposure when preparing (mixing/loading) the spray. Slight skin
irritation caused by chemical exposure would require gloves when preparing (mixing/loading)
spray.

No worker exposure studies were submitted for isoxaflutole or Balance. NOHSC used the
UK Predictive Operator Exposure Model (POEM) to estimate mixer/loader and applicator
exposure to Balance during ground (boom) spray. The risk assessment indicated that Balance
is safe for use at the proposed rates provided overalls (or equivalent clothing) and washable
hat, gloves and face shield or goggles are worn during mixing and loading operations, and
overalls (or equivalent clothing) and washable hat and gloves are worn during spray
application. PVC gloves are the most common gloves used in agriculture and this type of
gloves is appropriate and is recommended for Balance.
Entry into Treated Areas or Handling Treated Crops
_I

Farmers may not need to re-enter the treated fields, however, other workers may re-enter.
Based on the acute and chronic toxicity ofisoxaflutole, NOHSC recommends a restricted
entry of 12 hours. Cotton overalls buttoned to the neck and wrist (or equivalent clothing) and
chemical resistant gloves should be used ifre-entry is necessary in less than 12 hours after
spray application to prevent skin contamination.
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Recommendations for Safe Use

Users should follow the instructions and Safety Directions on the Product label. Safety
Directions include the use of cotton overalls buttoned to the neck and wrist (or equivalent
clothing) and a washable hat, elbow-length PVC gloves aod face shield or goggles when
opening the container and preparing spray. Cotton overalls buttoned to the neck and wrist (or
equivalent clothing) and a washable hat and elbow-length PVC gloves are also recommended
when using the prepared spray.
The recommended personal protective equipment should conform to the relevant standards
specified by Standards-Australia.
Re-entry Statement

"Do not allow entry into treated areas for 12 hours after treatment. When prior entry is
necessary, wear cotton overalls buttoned to the neck and wrist (or equivalent clothing) and
chemical resistant gloves. Clothing must be laundered after each day's use."
Information Provision

Material Safety Data Sheet (MSDS)
Aventis CropScience Pty Ltd has produced MSDS for isoxaflutole and Balance. These
should contain information relevant to Australian workers, as outlined in the NOHSC
National Code ofPractice for the Preparation ofMaterial Safety Data Sheets.
Occupational Controls

Exposure standards
NOHSC has not established an exposure standard for isoxaflutole. However, there is an
exposure standard of 10 mg/m3 Time Weighted Average (TWA) for dust in general, as listed
in the NOHSC Exposure Standards for Atmospheric Contaminants in the Occupational
Environment. Employers should ensure that exposure to isoxaflutole and Balance particulates
is not greater than this standard.
Conclusion

Balance can be used safely if handled in accordance with the instructions on the product label
and re-entry restrictions described above. Additional information is available on the product
MSDS.
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ENVIRONMENTAL ASSESSMENT

Introduction
Aventis CropScience Australia Pty Ltd has applied to register the product Balance containing the new
active constituent, isoxaflutole. The product will be marketed as a granular formulation containing 750
g/kg isoxaflutole and it will be used for the control of one broadleaf and two grass weeds in sugar cane.
Isoxaflutole (ISO) is a low use rate herbicide with a novel mode of action in that it rapidly degrades to
its diketonitrile analogue (DKN), which causes inhibition of the plant enzyme 4-hydroxyphenyl
pyruvate dioxygenase. This interfers with carotenoid synthesis and causes bleaching of new plant tissue
and eventual plant death. Registration will be sought in Qld, NSW and WA for the sugar cane use.
Environmental Fate

Hydrolysis
One hydrolysis study was provided using 14C-phenyl-ring labelled isoxaflutole at 25°C under sterile
conditions. Degradation of isoxaflutole was observed to be moderate at pH 5, and became very rapid at
pH 7 and 9. The half-lives derived were 11.1 days (pH 5), 20.1 hours (pH 7) and 3.2 hours (pH 9) with
the main degradation product (DKN) appearing in inverse proportion to the parent over time. Rapid
hydrolysis appears likely to be a major degradation pathway for isoxaflutole.
Photolysis
Aqueous: Two tests using radio-labelled isoxaflutole were provided. Based on a test using a Xenon
arc and 54 h irradiation a photolytic degradation pathway was proposed with the primary route of
photolysis being the cleavage of the phenyl and isoxazole ring systems to yield a group of labile
metabolites. These labile metabolites undergo further rearrangement, but were all less than 5% of
applied label. The DT50 was the equivalent to 6. 7 days of summer sunlight and the quantum yield was
determined to provide an estimated summer half-life of 28 days in a small lake (52°N). Aquatic
photodegradation is likely if isoxaflutole reaches aquatic systems, but may be significant only when
the pH is acidic, where hydrolysis is slower. However, photolysis under tropical Australian conditions
( cane growing areas) could be faster than these estimates and may be a significant route of
degradation, if water is not too turbid.

Soil: One test using two radio-labelled forms of isoxaflutole was provided for one soil type (sandy
loam). Results indicated little photo-transformation of isoxaflutole, but extensive degradation due to
soil hydrolytic processes, since unexposed samples gave a half-life (19.7 h) that was shorter than
irradiated samples (22.8 h). The major transformation product observed (DKN) was typical of
hydrolytic degradation.
Degradation in Soil and Water

Soils aerobic: Three tests were provided covering a range of different soil types. The proposed
degradation pathway involved the rapid cleavage of the isoxazole ring system to yield the initial
metabolite DKN, which is the main active herbicide. This was subsequently degraded to form MSTB
and these metabolites or subsequent degradation products were gradually incorporated into bound
residues in soil. Variable amounts of CO:i were formed throughout the test period. Half-lives for
isoxaflutole and DKN were calculated assuming first order kinetics and ranged from 1.2-3.6 days and
19-120 days, respectively. A fourth test on one soil, but at lower temperature (I 0°C), gave slightly
longer half-lives of 5.2 and 141 days, respectively, for ISO and DKN, and practically no CO2 was
evolved. It was noted that 1st order kinetics do not readily fit this multi-phase degradation system and
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in two studies use of a "power-rate" model (KIM) gave better data fitting and produced shorter half
lives for isoxaflutole (0.32-4 days}and for DKN (19.5-56 days).

•

Water: One aerobic experiment was submitted using labelled isoxaflutole. The test system consisted of
two separate water/sediment systems, one from a river and the other from a stream. The parent
compound disappeared quickly when added to the water phase (half-lives 0.53 and 0.60 days). As with
aquatic hydrolysis and soil degradation, the degradation pathway was primarily through hydrolytic
opening of the of the isoxazole ring to form DKN or AKN, the latter is favoured in anaerobic
conditions. Other minor degradation products were found in both water and sediment but these did not
exceed 10% of radioactivity at any time during the study. DKN/AKN generally partitioned to sediment
over time with maximum levels reached after 30-60 days with little decline over the remainder of the
study. For the whole water/sediment systems, half-lives for DKN were calculated as 66 and 89 days for
the river and stream systems, respectively, while AKN exhibited half-lives close to 36 days in both
systems.

Mobility
Volatility: The low vapour pressure ofisoxaflutole (1.0 x 10·6 Pa) precludes significant volatilisation of
the active substance from soil under practical conditions of use. Furthermore, the Henry's law constant
for isoxaflutole is calculated to be 1.85 x 10-IO atrn-m3/mol, again suggesting little potential for
volatilisation in the environment.
Adsorption/desorption: One adsorption/desorption experiment was provided for isoxaflutole, plus two
studies each for DKN and MSTB, each using four or five soil types. Koc values ranged from 93 to 165
for isoxaflutole while K.ies values were similar (96-180) and indicate the parent may have medium to
high mobility in soil. DKN has higher water solubility compared to the parent compound and exhibited
Koc values ranging from 54-134 and rapid desorption (K.ies 97-210). Desorption was nonlinear and
almost complete in the first step for some soils, particularly those with low OC, indicating DKN would
be highly mobile in soil. MSTB continued this trend with higher solubility, weaker adsorption to soil
OC (Ko, 25-100) and almost complete desorption from soils (K.ies 23-137), largely in one step from low
OC soils, also indicating that this degradation product is likely to be highly mobile in soil.
A published study indicates the rate of isoxaflutole hydrolysis to DKN is significantly affected by the
presence of soil due to preferential sorption of the parent compound. This abiotic hydrolysis in the
sorbed phase, is also known to occur with some other pesticides, notably atrazine. The authors note that
under dry soil conditions isoxaflutole is likely to remain relatively stable and unavailable and
subsequent rainfall should cause rapid transformation to the bioactive DKN derivative, which will still
be in the surface soil and active against target weeds.
Aged Residue Column Leaching: One aged-residue column leaching study was provided using four
soils and a sediment. Residues were aged for one half-life (5.5-44.6 h) under aerobic conditions and
loaded onto soil columns then leached with the equivalent of 500 mm "rainfall". For soils with high
OC (>7.5%)-2% of applied radioactivity was found in leachate, while in low OC (1-2%) soils 55-75%
AR appeared in leachate, and in the very low OC (0.1 %) sand 90% AR leached from the soil column.
Parent compound was found almost exclusively in the top soil segment (0-6 cm), whereas DKN was
leached further down the column profile, moving more readily than the parent and was the major radio
labelled component found in leachates.
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Isoxaflutole exhibited limited mobility in soils, but its main degradation products, particularly the active
herbicide DKN showed somewhat higher mobility. The label restraint requiring at least 10% clay in
soils should ameliorate leaching potential.
Modelling of Leaching: A modelling study using the PELMO model simulated the leaching behaviour
of isoxaflutole and DKN based on a German sandy soil in maize crops. Three rainfall scenarios were
run (average, high and very high) using a single annual application of isoxaflutole (100 g/ha). These
model runs indicate that the parent residues are unlikely to appear in ground water, but the active
herbicide DKN might be expected to leach down the soil profile under certain conditions and may
appear in ground water, albeit at very low concentrations.
Calculation of the GUS index for isoxaflutole (<!) classifies it as a non-leacher. Most (7 of 8) field
results for DKN gave GUS values of <2.5 indicating the bioactive metabolite is a borderline leacher,
but one site (GUS = 4.3) indicates that in some soils it may be more mobile. The secondary metabolite
(MSTB) gave a GUS value of 5.3 and it will be highly mobile in most soils.
Field Dissipation

Soils: Two field dissipation studies were provided that were conducted at four sites either in Europe or
the US. Isoxaflutole was applied pre-emergent in maize plots to bare ground on four different soil types
at nominal field use rates in each trial. In the Europe rainfall was variable at all sites, but no
supplementary irrigation was applied in Germany and only one minor amount (10 mm) in France.
Irrigation was applied early in the UK trial (80 mm) and throughout the Italian trial (180 mm). In the
US, irrigation was applied at three sites with only minor amounts applied at Nebraska (<70 mm), but
significant amounts were used at sites in Washington (>600 mm) and California (>1000 mm).
Isoxaflutole residues were only detected in the surface soil horizon (0-10 cm), and consequently, these
data were used to calculate the half-life values of isoxaflutole for each site, which showed rapid
degradation (Europe: 0.5-1.7 days and US: 1.4-3.0 days). The major metabolite detected was DKN,
which degraded to MSTB rather more slowly, but AKN was noted at low levels at one site (France).
Half-lives for DKN ranged from 16-24 days (Europe) and 8-16 days in three US sites, but noting that
the Californian site showed a half-life of 124 days.
At the two heavily irrigated US sites residues were detected below the surface soil layer, with MSTB
being measured at very low levels (near LOQ) down to ~45 cm, but in California DKN was detected at
relatively higher levels (10-37 ppb) to similar depths. Given the relatively high rates of irrigation and
the potential mobility shown in the leaching colunm study, the movement down the profile shown in
this field trial indicates that isoxaflutole's active metabolite DKN exhibits some leaching potential when
sprayed onto the surface of field soils under certain soil moisture conditions.
The proponents provided comments on the extended half-life (-10 X) for D KN and deeper leaching at
the CA site and possible explanations as to why this occurred, especially under this regular irrigation
pattern. They indicate that lack of soil surface moisture and rapid wetting/drying cycles are largely
the reason for persistence of residues at this site.
Overall, applied isoxaflutole was rapidly transformed to DKN, which was generally detected in surface
soil cores during the course of the studies. DKN itself was fairly readily degradable in these soils and
did not appear to move to lower horizons except in one regularly irrigated US site.
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•

Accumulation/Bioaccumulation
Isoxaflutole is not expected to accumulate in soils under the expected use pattern. Environment
Australia calculations predict maximum concentrations of isoxaflutole in soil to be ~0.25 mg/kg
immediately following applications, but levels are expected to be zero at the next application
(assuming a single annual spray). The active herbicide DKN is somewhat more persistent, but under
sub-tropical conditions an annual sugar cane use should also result in zero carryover, as will the lower
rate applied to chickpeas. The log P for isoxaflutole of 2.32 indicates it is not significantly lipophilic
and is unlikely to accumulate in biota.
.•

Environmental Toxicity
Avian Toxicity
Results indicate that isoxaflutole to be practically non-toxic to birds, based on acute oral and dietary
testing in bobwhite quail and mallard ducks (LD50 >2150 mg/kg and LC 50 >5000 ppm). As well, the
major degradation product (DKN) was practically non-toxic to bobwhite quail in a dietary test (LC 5o
>5200ppm).
Aquatic Toxicity
Acute toxicity studies on fish ranked isoxaflutole as moderately toxic to 3 species offish (LCsos >1.76.4 mg/L), noting that these results all reflect the maximum water solubility achieved in the tests.
Similar toxicity levels were observed for daphnia and oysters (EC5o > 1.5 and > 3.4 mg/L, respectively),
but mysid shrimp were much more sensitive to isoxaflutole (EC50 = 0.018 mg/L), which can be rated as
very highly toxic. Results of chronic toxicity tests for fish (LC 5o = 0.19 mg/L) and daphnia
(0.35<MATC<0.67 mg/L) showed somewhat higher sensitivity to isoxaflutole, and particularly for
mysids (0.00l<MATC<0.019 mg/L). The main metabolites (DKN, AKN and MSTB) were used in
acute tests with fish, daphnia and mysids and the results rated these as slightly to practically non-toxic
to fish and daphnia (LC50 s >34-160 mg/L), but as usual mysid shrimp were more sensitive and DKN
was ranked as moderately toxic (LC50 = 3.7 mg/L) to this species.

Aquatic plant toxicity tests using isoxaflutole with freshwater algae, diatom and duckweed, plus a
marine diatom, gave EC50 values in the range 3.2-380 µg/L and NOECs of 1-16 µg/L, showing this
herbicide exhibits very high toxicity to these plant groups, with duckweed the most sensitive plant.
Tests with its three main metabolites (DKN, AKN and MSTB) in green algae gave relatively higher
ECsos (5.5-20 mg/L), and duckweed was also the most sensitive species to DKN (EC5o 0.055 mg/L) .
However, MSTB is not expected to have any significant herbicidal activity.
Non-target Invertebrates
Standard test results for bees show that isoxaflutole is practically non-toxic to bees (oral LDso >168
µg/bee, contact LD50 >100 µg/bee). Exposure tests with isoxaflutole formulation found that when
applied at field rates (150 g ai/ha) it was rated harmless (<30% mortality) to the rove beetle and
predacious mites, but was slightly harmful (30-80% mortality) to a parasitic wasp. Further tests using
isoxaflutole and earthworms determined the LC 50 to be > 1000 mg/kg of soil, which ranks isoxaflutole
as non-toxic under the BBM (Netherlands) system.

Also, the effect of isoxaflutole on soil micro-organisms was studied. There was a slight depression of
soil respiration, but no effect on nitrification activity of the soil's micro-organisms at both treatment
rates (1 and 5 times proposed maximum field rates). In sewage sludge isoxaflutole, may not be termed
readily biodegradable, but it shows no inhibitory effect on sewage sludge bacteria.
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Mammals
No data provided on the toxicity of isoxaflutole to wildlife mammals, however, the rat oral LD50 value
(>5000 mg/kg) from Part 1 summaries indicates isoxaflutole is likely to be practically non-toxic to
wildlife mammals and the use pattern is unlikely to be hazardous to these mammals.
Phytotoxicity
Isoxaflutole exhibits activity against a broad range of plants, including grasses. In seedling emergence
tests and seedling vigour tests all plant species showed detrimental effects at some level of treatment.
These tests indicate that most plants are sensitive to very low level exposure to isoxaflutole with only
maize showing an EC 50 that is slightly greater than the proposed Australian use rate when directly
over-sprayed, while maize and ryegrass appear less sensitive when the ai is soil applied, possibly due
to lower absorption. As expected for an effective herbicide, many non-target terrestrial plants are likely
to show high sensitivity to isoxaflutole when applied to soil or directly to foliage.
Prediction of Environmental Hazard

Isoxaflutole has relatively low water solubility and low vapour pressure, and after application, it would
be expected to associate with soils/sediments. Application ofisoxaflutole will occur in newly planted or
ratoon sugar cane. Application in sugarcane will only be by ground rig, and will occur as an inter-row
band treatment when cane is over 75 cm high, with instruction to avoid contact with cane foliage.
While the label does not specify application by ground equipment only, the use of other methods is
clearly precluded in sugarcane and so environmental hazard resulting from aerial application will not be
considered for that use.
Isoxaflutole is not expected to pose a risk to non-target plants when used according to good agricultural
practice since exposure to non-target plants is unlikely. It degrades readily in soil under field conditions
and will be applied with ground-directed spray equipment with medium-coarse droplets, which will
limit the potential for spray drift. In addition, in sugar it will be applied as inter-row (bands), with
untreated rows containing vegetation between the bands that should limit off-target movement through
run-off.
Terrestrial organisms

Birds
Birds did not prove sensitive to isoxaflutole with no acute effects noticed on exposure through direct
oral route up to 2150 mg/kg bodyweight for bobwhite quail or mallard duck, or from exposure levels up
to 5000 ppm in the diet to both these species. The degradation product, DKN, which is the active
herbicidal chemical, was also shown to be practically non-toxic in a quail dietary study with a NOEC of
5200 ppm. Maximum residues on short grasses are expected to be -32 ppm (wet basis) at application
and give a Q-value for birds of <<0.01.
Based on the low toxicity, low application rate and rapid degradation isoxaflutole use in sugarcane and
chickpea production appears to pose a low hazard to birds.
Bees and other terrestrial invertebrates
The maximum application rate of 150 g ai/ha equates to - 1.5 µg/cm 2 • lsoxaflutole was shown to have
no effect on bees at >100 µg/bee in contact tests and >150 µg/bee in oral toxicity tests. As well, tests
using contact exposure of beetles, predacious mites and parasitic wasps to field use rates of isoxaflutole
indicated that it was rated as harmless to beetles and mites and slightly harmful to wasps. The potential
hazard to bees and other beneficial insects is expected to be low.
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Soil-dwelling invertebrates
Application of 150 g ai/ha results in residues of 0.25 mg/kg soil if distributed through the top 5 cm of
soil (density 1.2). No effect was seen on earthworms at a concentration of 1000 mg/kg soil, and only
slight suppression of microbial carbohydrate metabolism at lX and 5X field use rates (150 and 750 g
ai/ha). No effects were apparent on microbial nitrogen transformation at these two treatment levels.
Therefore, isoxaflutole is expected to have a low potential for adverse impacts on populations of these
soil organisms.
As well, direct overspray of ground beetles and their food source at the field use rate caused only slight
effects and isoxafluto!e was rated as harmless to these beetles. The potential environmental hazard of
isoxaflutole to soil dwelling invertebrates is predicted to be low.

Aquatic organisms
Use of isoxaflutole may pose a risk to aquatic plants and algae. The most sensitive test organism was
duckweed (Lemna gibba) with an EC 5o of 3.2 ppb found in a 14-day exposure test, which ranks it as
very highly toxic. As well, the NOECs (1.1-16 ppb) for duckweed and the range of algae and diatoms
tested showed all these aquatic organisms are highly sensitive to isoxaflutole, which is not unexpected
for an effective herbicide.

Ground Application
Isoxaflutole will be applied in sugarcane at 150 g ai/ha using boom sprayers with at least 250 L/ha
water and medium to coarse droplets, in inter-row bands either to bare soil (pre-emergent weeds) or
early post-emergent weeds (2-6 leaf stages), when cane is over 75 cm tall. Given that most cane is
irrigated at some stage, two exposure situations to water bodies were considered, namely exposure
through spray drift and exposure through run-off.
Spray drift
The worst case situation EA calculates the water concentration arising from direct overspray of a
shallow water body, and 10% spray drift reaching the same water body. The EEC for a shallow pond
(15 cm) from direct overspray is 100 ppb, and 10 ppb when 10% spray drift reaches the pond. The Q
values for fish and daphnia are low (-0.06), even for direct overspray, but for mysids (5.5 & 0.53) and
duckweed (-30 & -3) they are unacceptable and therefore require a more realistic estimation.
A further refinement uses recent methodology for estimating spray drift from the German BBA trials
and is based on spray drift studies using tractor mounted equipment and referred to as the Ganzelmeier
Tables. Using the 95 th percentile drift values for field crops (cereals), then the spray drift at 5 and 10 m
downwind is 0.7% and 0.36%, respectively, of the application rate. Herbicide applications inter-row to
sugar cane are expected to have comparable drift profiles to cereals, even though boom heights are
likely to be higher (minimum crop height 75 cm), but drop tubes will be used and the droplet size is
medium-coarse. Using these drift figures, the concentration in a waterbody 15 cm deep is 0.17 and 0.09
µg/L, respectively, at 5 and 10 m downwind from the boom sprayer. The Q-values for duckweed (0.110.2) and mysids (0.04-0.02) are then reduced, but for duckweed they are still marginally high.
These calculations show there may be a hazard to aquatic plants where application occurs at 150 g
ai/ha within IO m or less of a water body, and further mitigation is necessary.
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Mitigating Factors
Several factors may be considered which would mitigate the potential hazard to aquatic plants through
use of isoxaflutole. First, the product is to be used on sugarcane, which is mainly grown on coastal
plains and river valleys in tropical/sub-tropical areas of Australia. These are higher rainfall areas and
the assumption of a standing water body of 15 cm depth may be considered highly conservative.
Isoxaflutole is to be used in the crop once per year as the product is applied to plant/ratoon cane and at a
relatively low rate (150 g ai/ha), indicating a low exposure.

Other factors indicating likely low exposure are the application method (boom sprays, drop tubes for
nozzles, large droplet size) and application to soil between 75 cm high cane rows. This is likely to
reduce drift or run-off significantly. Further isoxaflutole degrades rapidly in water (t90 <2 d) to DKN,
which is bioactive compound, and data from two tests indicate that DKN is much less toxic to aquatic
plants and algae. Additionally, the high likelihood of deeper, moving water generally indicates a lower
risk to aquatic plants through spray drift, due to mixing and dilution. The applicant has agreed to
address the hazard likely to be posed by isoxaflutole to aquatic plants and algae by incorporating a
stronger warning on the proposed labels.
Run-Off
The growing of sugarcane is carried out in close proximity to waterways, and drains which during the
"wet season" will be carrying water. A proportion of the crop (especially in the Burdekin River district)
will be furrow irrigated. Intense short duration rainfall is a feature of the tropical sugar growing areas
and may cause surface movement of recently applied herbicide into farm drains and potentially to
adjacent rivers or ponds.

Movement to coastal streams/rivers will cause any isoxaflutole to be diluted by the volume of fast
moving waters that flow during the "wet season" and lower concern would exist for run-off water in
fast flowing river systems. According to QDPI figures from a Great Barrier Reef Marine Park Authority
conference cane plantings occupy ~0.2-20% of the catchment area of most river systems with cane
growing, largely of a similar order as urban land use areas.
Of greater concern would be where run-off water from fields recently treated with isoxaflutole is
collected in ponds that contain aquatic macrophytes. As well, BSES has estimated that ~10% of water
applied during flood irrigation may run off. It is expected few farms have the ability to retain run-off,
and practically all will move off farm into natural waterways. The Qld Canegrowers Association has
developed a "Code of Practice" for cane farmers, which includes development of drainage guidelines in
conjunction with QDPI and QDNR. However, the worst case scenario for sugarcane will assume a
situation of heavy rain with no retention of run-off.
Environment Australia Scenario

A calculated "worst case" EEC for run-off from a bare soil application of isoxaflutole as an example
is as folJows and assumes:
1. Application will be to bare ground (maximum application rate of 150 g ai/ha).
2. A heavy rain event of 100 mm occurs shortly after application, where 20% runs off.
3. Run-off contains I% of total applied isoxaflutole.
4. Run-off from a 10 ha area enters a 1 ha standing body of water 50 cm deep (which includes the
rainfall of 100 mm into the water body).
EA's calculation suggests the isoxaflutole concentration in pond water= ~2.1 µg/L
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This gives a "worst case "Q-value for duckweed of 0.66, which indicates there is a marginal risk to this
test macrophyte.
Mitigating factors

Mitigating factors need to be considered as they are likely to reduce this risk.
•

Sugar cane is grown mainly in tropical to sub-tropical coastal regions where water bodies are
expected to be at least 50 cm deep, and generally fast flowing, causing significant dilution.

•

Some form of buffer between crops and waterways would be expected (possibly even a grassed
area on either side of an access roadway).

•

The worst case expected concentration of 2. 1 ppb is slightly above the duckweed NOEC
(1. 1 ppb ), but isoxaflutole breaks down rapidly in soil and water, reducing the exposure to
concentrations of concern, noting that DKN is significantly less toxic to algae and duckweed.

•

Any adverse impacts on aquatic plants/algae would likely be sporadic and effects would not be
expected to impact on aquatic communities as rapid re-colonisation can be expected to occur.

This indicates that under more realistic conditions the hazard is likely to be acceptable.
Groundwater - leaching
The soil column study suggests DKN will leach, particularly in low OM soils. However, DKN was
rarely detected below the surface soil layers in field dissipation studies, and the company has
commented on that exception. In the German modelling studies on sandy soils only very low amounts
reached the ground water for the average, high and very high rainfall scenarios, respectively.
Mitigating factors

Mitigating factors need to be considered to reduce this risk.
•
Sugar cane is grown mainly in tropical to sub-tropical coastal regions where soil degradation
rates for DKN are expected to be relatively rapid, and generally limit amounts available for leaching.
•
Rapidly changing cultural methods such as green-cane harvesting with higher OM retention
will assist binding ofDKN in field soils and lower potential leaching.
•

The label restraint requiring 10% clay in treated soils will restrict potential leaching.

Conclusion
Isoxaflutole is proposed to be used in Australia in sugar cane, specifically in plant/ratoon cane. The
proposed use pattern is a single spray using ground application techniques. Isoxafluto)e has been shown
to be rapidly degraded in soils with field half-lives between 1-3 days forming the actual herbicidal
compound (diketonitrile - DKN), which has longer half-lives of 8-24 days, but as long as 124 days in
one test soil. In aquatic systems isoxaflutole would be expected to degrade rapidly in the water column
(half-life <1 day), and not be persistent in the whole system (water/sediment), but again DKN persists
longer with half-lives around 66- 100+ days. Due to the single, low rate of application, chronic
exposure from the chemical is not expected to be a problem.

Isoxaflutole is not expected to cause adverse impacts on beneficial terrestrial and soil dwelling
invertebrates. Adverse impacts on aquatic plants and algae might be anticipated if spray drift reached
water, and more likely, run-off or leachate in the tropical/sub-tropical situation. However, it has been
concluded that the overall potential hazard to the aquatic environment is low as any adverse impacts
are expected to be sporadic and reversible. The applicant has highlighted the potential adverse effects
on aquatic plants and algae and strengthened the relevant warning statement on the label.
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Environment Australia has considered the available data plus some additional data to clarify the
likely toxicity of isoxafluole/DKN towards aquatic plants and algae, and is satisfied that the proposed
use of the chemical will not lead to lasting adverse impacts on the environment at the proposed use
rates and following good agricultural practice.

24

EFFICACY AND SAFETY ASSESSMENT

Isoxaflutole is a new herbicidal compound active against a range of broadleaf and grass
weeds. It is applied pre-emergence or very early post-emergence to the weeds. The compound
is absorbed by roots and shoots of plants.
The sugarcane industry presently relies on atrazine, ametryne, diuron and gramoxone either
alone or in various combinations to control the weeds listed on Balance label. There is
adequate justification for the inclusion of a new herbicide as an alternative control product.
Isoxaflutole offers a unique chemistry that can expect to reduce the total pesticide load in the
environment.
During the period 1996, 1997 and 1998 some 14 field trials were conducted throughout
Queensland and Northern NSW in both plant and ratoon cane situations, to evaluate the
efficacy and crop safety aspects of Balance against broadleaf and grass weeds.
Applications were made as a directed inter-row spray in plant cane to weed free soil. Across
the trials, isoxaflutole rates ranged between l00gms and 400gms per hectare of formulated
product.
Trial data presented shows that Balance applied either as a pre emergent or early post
emergent spray treatment in plant or ratoon cane to young actively growing weeds is
efficacious at commercially acceptable levels against billygoat weed (Ageratum spp),
barnyard grass (Echinochloa crus-galli) and summer grass (Digitaria ciliaris)
Results show that a rate of 200grams Balance per hectare provides robust and consistent
levels of both grass and broadleafweed control. There was no advantage in higher dose rates,
and lower dose rates reduced grass weed control.
Isoxaflutole acts by inhibiting phytoene desaturase, a key enzyme in the formation of plant
pigments. Affected plants appear bleached, lacking normal chlorophyll. As a consequence of
this mode of action, visual symptoms such as paling and bleaching (chlorosis) of some
sugarcane plant tissue following isoxaflutole treatment become apparent. These symptoms
however, were found to be transient in nature. These symptoms declined rapidly for 3 weeks
post application. and did not induce any significant reduction in crop yield at the proposed
application rate of 200g of formulated product per hectare.
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LABELLING REQUIREMENTS
FRONT PANEL

CAUTION
KEEP OUT OF REACH OF CHILDREN

•

READ SAFETY DIRECTIONS BEFORE OPENING OR USING

•

Balance® 750 WG
HERBICIDE
Active Conslituent: 750 g/kg ISOXAFLUTOLE

I

IGROUP

HERBICIDE I

*kg

control of broadleaf weeds and grasses in
Sugarcane as per DIRECTIONS FOR USE Table.

NET

READ THE ATTACHED BOOKLET BEFORE USE.

(label code)

* 1.5, 3, 5, 10 kg
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REAR PANEL

BALANCE 750 WG HERBICIDE
Active Constituent: 750 g/kg ISOXAFLUTOLE
STORAGE AND DISPOSAL

'

Store in the closed, original container in a dry, cool, well-ventilated area out of direct
sunlight.
Triple or preferably pressure rinse containers before disposal. Add rinsings to spray
tank. Do not dispose of undiluted chemicals on site. If recycling, replace cap and
return clean containers to recycler or designated collection point.
If not recycling, break, crush, or puncture and bury empty containers in a local
authority landfill. If no landfill is available, bury the containers below 500 mm in a
disposal pit specifically marked and set up for this purpose clear of waterways,
desirable vegetation and tree roots. Empty containers and product should not be
burnt.
SAFETY DIRECTIONS
Will irritate the eyes and skin. Avoid contact with eyes and skin. If product in eyes, wash it
out immediately with water. When opening the container and preparing spray, wear cotton
overalls buttoned to the neck and wrist (or equivalent clothing), a washable hat, elbow length
PVC gloves and face shield or goggles. When using the prepared spray wear cotton overalls
buttoned to the neck and wrist (or equivalent clothing) and a washable hat and elbow length
PVC gloves. Wash hands after use. After each day's use wash gloves, face shield or goggles
and contaminated clothing.
FIRST AID

If poisoning occurs, contact a doctor or Poisons Information Centre (telephone 13 11
26).

MATERIAL SAFETY DATA SHEET
Additional information is listed in the Material Safety Data Sheet available from Aventis
CropScience Pty Ltd.
EXCLUSION OF LIABILITY

This product as supplied is of a high grade and suitable for the purpose for which it is
expressly intended and must be used in accordance with the directions. The user must
monitor the performance of any product as climatic, geographical or biological
variables and/or developed resistance may affect the results obtained. No
responsibility is accepted in respect of this product, save for those non-excludable
conditions implied by the Trade Practices Act or any State or Federal legislation.
NRA Approval No.: 49456/
Balance® is a Registered Trademark of Aventis

IMPORTANT: READ THE ATTACHED BOOKLET BEFORE USE
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REAR PANEL cont'd

IN A TRANSPORT EMERGENCY

FOR 24 HOUR SPECIALIST ADVICE

DIAL 000

IN EMERGENCY ONLY

POLICE OR FIRE BRIGADE

PHONE 1800 033 111

•

•
BAR
CODE

Aventis CropScience Pty Ltd
A.C.N. 000 226 022
391-393 Tooronga Rd
East Hawthorn Vic. 3123
Phone: (03) 9248 6888
Fax:
(03) 9248 6800
Website: www.aventis.com.au
Batch Number:
Date of Manufacture:

(label code)
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LABEL BOOKLET (front page of booklet)

STORAGE AND DISPOSAL

Store in the closed, original container in a dry, cool, well-ventilated area out of direct
sunlight.
Triple or preferably pressure rinse containers before disposal. Add rinsings to spray
tank. Do not dispose of undiluted chemicals on site. If recycling, replace cap and
return clean containers to recycler or designated collection point.
If not recycling, break, crush, or puncture and bury empty containers in a local
authority landfill. If no landfill is available, bury the containers below 500 mm in a
disposal pit specifically marked and set up for this purpose clear of waterways,
desirable vegetation and tree roots. Empty containers and product should not be
burnt.
SAFETY DIRECTIONS
Will irritate the eyes and skin. Avoid contact with eyes and skin. If product in eyes, wash it
out immediately with water. When opening the container and preparing spray, wear cotton
overalls buttoned to the neck and wrist (or equivalent clothing), a washable hat, elbow length
PVC gloves and face shield or goggles. When using the prepared spray wear cotton overalls
buttoned to the neck and wrist (or equivalent clothing) and a washable hat and elbow length
PVC gloves. Wash hands after use. After each day's use wash gloves, face shield or goggles
and contaminated clothing.
FIRST AID

If poisoning occurs, contact a doctor or Poisons Information Centre (telephone 13 11
26).

MATERIAL SAFETY DATA SHEET
Additional information is listed in the Material Safety Data Sheet available from Aventis
CropScience Pty Ltd.
EXCLUSION OF LIABILITY

This product as supplied is of a high grade and suitable for the purpose for which it is
expressly intended and must be used in accordance with the directions. The user must
monitor the performance of any product as climatic, geographical or biological
variables and/or developed resistance may affect the results obtained. No
responsibility is accepted in respect of this product, save for those non-excludable
conditions implied by the Trade Practices Act or any State or Federal legislation.
NRA Approval No.: 49456/
Balance® is a Registered Trademark of Aventis

IMPORTANT: READ THIS BOOKLET BEFORE USE
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REAR PANEL cont'd
DIRECTIONS FOR USE
Restraints
DO NOT use on soils of sand classification with less than 10% clay content. Soil analysis
prior to application is advisable to confirm clay content.
CROP

WEED

STATES

Sugarcane

Barnyard
grass,
summer arass
Billygoat
weed

Qld,
NSW
and
WA
only

WEED
STAGE
(post-

RATE

CRITICAL COMMENTS

200g/ha

Plant and ratoon cane: Apply
as a directed inter-row spray
to bare soil after the last
working. Direct spray from
octopus head to minimise
contact with cane foliage.
Select the lowest pressure
(within the nozzle operating
range) to reduce drift. Do not
apply to crops below 0.75 m
in height.
Pre weed emergence:
Use a nozzle configuration to
achieve a medium to coarse
spray pattern (eg. nozzle type
XRl 1003-XRl 1004). Apply in
a minimum water volume of
250 L/ha. Application can be
made to dry soil. Mechanical
incorporation is not
recommended.

•

em)

2-4
leaf
Up to 6
leaf

Post weed emergence:
Add non-ionic wetting agent
at a rate of 250 mL/100 L
spray solution. Use a nozzle
configuration to achieve a
medium spray pattern (eg.
nozzle type XR 11003). Apply
in a minimum water volume
of 250 L/ha. Weeds must be
actively growing at the time
of application.

NOT TO BE USED FOR ANY PURPOSE, OR IN ANY MANNER, CONTRARY TO THIS
LABEL UNLESS AUTHORISED UNDER APPROPRIATE LEGISLATION
WITHHOLDING PERIODS
Harvest:
DO NOT HARVEST FOR 19 WEEKS AFTER APPLICATION
Grazing:

DO NOT GRAZE ANIMALS ON TREATED CROPS.

30

·•

REAR PANEL cont'd

GENERAL INSTRUCTIONS

I

Resistant Weeds Warning
I GROUP ■ I HERBICIDE
Balance 750 WG Herbicide is a member of the isoxazole group of herbicides. Balance
is a herbicide which inhibits carotenoid biosynthesis. For weed resistance
management Balance is a Group F herbicide.
Some naturally-occurring weed biotypes resistant to Balance, and other herbicides
which inhibit production of carotenoid biosynthesis, may exist through normal genetic
variability in any weed population. The resistant individuals can eventually dominate
the weed population if these herbicides are used repeatedly. These resistant weeds
will not be controlled by Balance or other Group F herbicides.
Since occurrence of resistant weeds is difficult to detect prior to use, Aventis
CropScience Pty Ltd accepts no liability for any losses that may result from the failure
of Balance to control resistant weeds.
Mixing

Partly fill the spray tank with water. Start agitation. Add the correct amount of product to the
spray tank with the agitation system running. Continue agitation while topping up the tank
with water and while spraying.
Equipment
Apply as a directed spray from an octopus head to minimise contact with cane
leaves.

Export of Treated Produce
Growers should note that suitable MRLs or import tolerances may not have been
established in all markets for produce treated with Balance 750 WG Herbicide. If you
are growing produce for export, please check with Aventis CropScience Pty Ltd for the
latest information on MRLs and import tolerances BEFORE using Balance.

PROTECTION OF WILDLIFE, FISH, CRUSTACEANS AND ENVIRONMENT
DO NOT contaminate streams, rivers or waterways with the chemical or the used
containers, as this product may cause injury to non-target plants and vegetation,
particularly aquatic plants and algae.
PROTECTION OF CROPS, NATIVE AND OTHER NON-TARGET PLANTS
DO NOT apply under weather conditions, or from spraying equipment, which could be
expected to cause spray to drift onto nearby susceptible plants/crops, cropping lands
or pastures.
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GLOSSARY

Active constituent

The substance that is primarily responsible for the effect produced by a
chemical product.

Acute

Having rapid onset and of short duration.

Carcinogenicity

The ability to cause cancer.

Chronic

Oflong duration.

CodexMRL

Internationally published standard maximum residue limit.

Desorption

Removal of an absorbed material from a surface.

Efficacy

Production oftbe desired effect.

Formulation

A combination of both active and inactive constituents to form the end use

product.
Genotoxicily

The ability to damage genetic material

Hydrophobic

Water repelling

Leaching

Removal of a compound by use of a solvent.

Log P,w

Log to base JO of octonol water partioning co-efficient.

Metabolism

The conversion of food into energy

Photodegradation

Breakdown of cherricals due to the action of light.

Photolysis

Breakdown of chemicals due to the action oflight.

Subcutaneous

Under the skin

Toxicokinetics

The study of the movement of toxins through the body.

Toxicology

The study of the nature and effects of poisons.
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