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 Preface 1 

Preface 

The Australian Pesticides and Veterinary Medicines Authority (APVMA) is the Australian Government 
regulator responsible for assessing and approving agricultural and veterinary chemical products prior to their 
sale and use in Australia. Before approving an active constituent and/or registering a product, the APVMA 
must be satisfied that the statutory criteria, including the safety, efficacy, trade, and labelling criteria, have 
been met. The information and technical data required by the APVMA to assess the statutory criteria of new 
chemical products, and the methods of assessment, must be consistent with accepted scientific principles 
and processes. Details are outlined on the APVMA website. 

The APVMA has a policy of encouraging transparency in its activities and seeking community involvement in 
decision making. Part of that process is the publication of Public Release Summaries for products containing 
new active constituents. This Public Release Summary is intended as a brief overview of the assessment 
that has been conducted by the APVMA and of the specialist advice received from advisory agencies, 
including other Australian Government agencies and State departments of primary industries. It has been 
deliberately presented in a manner that is likely to be informative to the widest possible audience to 
encourage public comment. 

About this document 

This Public Release Summary indicates that the APVMA is considering an application for registration of an 
agricultural or veterinary chemical. It provides a summary of the APVMA’s assessment, which may include 
details of: 

• the toxicology of both the active constituent and product 

• the residues and trade assessment 

• occupational exposure aspects 

• environmental fate, toxicity, potential exposure and hazard 

• efficacy and target crop or animal safety. 

Comment is sought from interested stakeholders on the information contained within this document. 

Making a submission 

In accordance with sections 12 and 13 of the Agvet Code, the APVMA invites any person to submit a 
relevant written submission as to whether the application for registration of Routine 200 SC Fungicide should 
be granted. Submissions should relate only to matters that the APVMA is required, by legislation, to take into 
account in deciding whether to grant the application. These matters include aspects of public health, 
occupational health and safety, chemistry and manufacture, residues in food, environmental safety, trade, 
and efficacy and target crop or animal safety. Submissions should state the grounds on which they are 
based. Comments received that address issues outside the relevant matters cannot be considered by the 
APVMA. 

https://apvma.gov.au/
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Submissions must be received by the APVMA by close of business on 15 March 2022 and be directed to the 
contact listed below. All submissions to the APVMA will be acknowledged in writing via email or by post. 

Relevant comments will be taken into account by the APVMA in deciding whether the product should be 
registered and in determining appropriate conditions of registration and product labelling. 

When making a submission please include: 

• contact name 

• company or organisation name (if relevant) 

• email or postal address (if available) 

• the date you made the submission. 

Please note: submissions will be published on the APVMA’s website, unless you have asked for the 
submission to remain confidential, or if the APVMA chooses at its discretion not to publish any submissions 
received (refer to the public consultation coversheet). 

Please lodge your submission using the public consultation coversheet, which provides options for how your 
submission will be published. 

Note that all APVMA documents are subject to the access provisions of the Freedom of Information Act 1982 
and may be required to be released under that Act should a request for access be made. 

Unless you request for your submission to remain confidential, the APVMA may release your submission to 
the applicant for comment. 

Written submissions should be addressed to: 

Case Management and Administration Unit 

Australian Pesticides and Veterinary Medicines Authority 

GPO Box 3262 

Sydney NSW 2001 

Phone: +61 2 6770 2300 

Email: enquiries@apvma.gov.au 

Further information 

Further information can be obtained via the contact details provided above. 

Copies of technical evaluation reports covering chemistry, efficacy and safety, toxicology, occupational 
health and safety aspects, residues in food and environmental aspects are available from the APVMA on 
request. 

Further information on Public Release Summaries can be found on the APVMA website.

https://apvma.gov.au/node/72856
https://apvma.gov.au/node/72856
https://apvma.gov.au/
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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 Routine 200 SC Fungicide, and approval of the new active constituent, isotianil. 

Applicant 

Bayer CropScience Pty Ltd. 

Purpose of application 

Bayer CropScience Pty Ltd has applied to the APVMA for registration of the new product Routine 200 SC 
Fungicide, a suspension concentrate formulation containing 200 g/L of the new active constituent, isotianil. 

This publication provides a summary of the data reviewed and an outline of the regulatory considerations for 
the proposed registration of the product Routine 200 SC Fungicide and approval of the new active 
constituent isotianil. 

Proposed claims and use pattern 

The proposed product Routine 200 SC Fungicide is intended for use in bananas for the control of yellow 
sigatoka (Mycosphaerella musicola) and common leaf speckle (Mycospharella musae). 

Mode of action 

Isotianil is a systemic fungicide, belonging to the chemical class of thiadiazole carboxamide that activates the 
plant’s defence mechanisms against a wide range of fungal and bacterial pathogens. As a plant activator, 
isotianil does not exhibit antimicrobial activity directly against the pathogenic microorganisms; instead, it 
induces systemic acquired resistance in the host plant. 

Overseas registrations 

The active constituent isotianil is currently registered in 200 g/L isotianil SC products in Japan, Korea, 
Taiwan, Vietnam, Dominican Republic, Honduras, Guatemala, Columbia and Panama. It is registered in 
Latin America for the control of Black Sigatoka (Mycospharella fijiensis) on bananas and in Asian countries 
to protect rice crops against Rice Blast (Magnaporthe grisea). It has been submitted for registration in Costa 
Rica. 
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Chemistry and manufacture 

Active constituent 

The active constituent isotianil is manufactured overseas. Details of the chemical name, structure, and 
physicochemical properties of isotianil are listed below (Tables 1 to 2). 

Isotianil is a white crystalline powder with a melting point of 193°C, and further heating leads to 
decomposition at temperatures above 310°C. It has very low solubility in water (0.5 mg/L at 20°C), and is 
slightly more soluble in dichloromethane, ethyl acetate, and toluene. Given a Henry's law constant of 5.6×10-
5 m3/mol, there is limited possibility of volatilisation from water. The octanol/water partition coefficient (Log 
Pow) is 2.96 at 25°C, which indicates that isotianil is not expected to bioaccumulate. There is no flammable, 
explosive, self-ignition, and/or oxidizing properties of safety concern for isotianil. Isotianil is expected to be 
stable for at least 2 years storage under normal conditions. 

Table 1: Nomenclature and structural formula of the active constituent isotianil 

  

Common name (ISO): Isotianil 

IUPAC name: 3,4-dichloro-N-(2-cyanophenyl)-1,2-thiazole-5-carboxamide 

CAS registry number: 224049-04-1 

Molecular formula: C11H5Cl2N3OS 

Molecular weight: 298.15 g/mol 

Structural formula: 
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Table 2: Key physicochemical properties of the active constituent isotianil 

Physical form: Solid 

Colour: White powder 

Odour: Acetous odour 

Melting point: 193.1°C 

Boiling point: 266°C. The test substance decomposes at 310°C 

Relative density 1.110 g/cm3 at 20°C 

Stability: At elevated temperatures, no changes in the active were observed after 2 
weeks storage at 54ºC. No adverse reactions with metals (iron or aluminium) 
or metal ions (iron citrate or aluminium acetate) were observed following 
storage at 54ºC for 2 weeks. Technical isotianil is therefore expected to be 
stable on storage for at least 2 years under normal conditions. 

Safety properties: Not considered flammable. Not explosive. Not auto-flammable. Except for 
photo-degradation in water, the isotianil technical does not show any chemical 
incompatibility with oxidising and reducing agents and is essentially non-
hazardous. 

Solubility in water: 0.5 mg/L (unbuffered water) at 20ºC 

Organic solvent solubility: Methanol: 0.775 g/L 

Acetone: 4.96 g/L 

Ethyl acetate: 3.62 g/L 

Dichloromethane: 16.6 g/L 

Toluene: 6.87 g/L 

n-hexane: 0.0594 g/L 

Dissociation constant (PKa): pKa= 8.92 at 20°C 

PH: pH= 6.4 (neat) at 20ºC 

Octanol/water partition 
coefficient (Log Kow/KOW): 

Log Pow= 2.96 at 25°C 

Vapour pressure: 2.36×10-7 Pa at 25°C 

Henry’s law constant: K= 5.6×10-5 Pa-m3/mol (unbuffered water) at 20ºC 

UV/VIS absorption spectra: λmax279 nm, neutral solution 

λmax279 nm, acetic solution 

λmax265 nm, basic solution 

Hydrolysis in water: Stable at pH 4 and 25°C, 40°C, and 50°C over one year in the absence of light. 

Hydrolysed moderately at pH 7 and 9 and 25°C over 30 days. 
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Hydrolysed rapidly at pH 7 and 9 and 40°C and 50°C over 5 days. 

Aqueous photolysis: The estimated half-lives of isotianil in natural and distilled water at 25°C are 1.2 and 
2.2 days, respectively, in a continuously irradiated system. 

Formulated product 

The product Routine 200 SC Fungicide will be manufactured in Australia, Germany, Korea, France, 
Guatemala, and the USA. Tables 3 and 4 outline some key aspects of the formulation and physicochemical 
properties of the product. 

Routine 200 SC Fungicide is a white coloured, musty, liquid suspension. It contains 200 g/L of isotianil as a 
suspension concentrate (SC) formulation. There are no safety properties (e.g., auto-ignition, explosive, 
and/or oxidizing) of concern regarding Routine 200 SC Fungicide. The product is expected to be stable for at 
least 2 years when stored under normal conditions. 

Routine 200 SC Fungicide will be available in 1 L to 110 L HDPE (high density polyethylene) containers. 

Table 3: Key aspects of the formulation of the product Routine 200 SC Fungicide 

Distinguishing name: Routine 200 SC Fungicide 

Formulation type: Suspension concentrate (SC) 

Active constituent 
concentration/s: 

200 g/L isotianil 

Table 4: Physicochemical properties of the product Routine 200 SC Fungicide 

Physical form: White liquid suspension with a musty odour 

PH: 7.1 (1% aqueous dilution) 

Relative density: 1.091 g/cm3 at 20ºC 

Kinematic viscosity: 2.365×10-4 m2/s (shear rate of 20 s-1) 

Pourability: Pour residue = 1.87%; rinsed residue = 0.23% 

Persistent foaming: 23 mL foam after 1 minute 

Spontaneity of dispersion: 99% 

Suspensibility: 100% suspension 

Corrosion of metal: No corrosion on aluminium, copper, brass, and stainless steel 

Safety properties: No flash point below boiling point. Not classified as a flammable liquid or an 
explosive and/or as an oxidising substance. 
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Storage stability: There was sufficient data to conclude that the product is expected to remain 
within specifications for at least 2 years when stored under normal conditions 

Recommendations 

The APVMA Chemistry section has evaluated the chemistry of the active constituent isotianil and associated 
product Routine 200 SC Fungicide including the manufacturing process, quality control procedures, stability, 
batch analysis results, and analytical methods, and found them to be acceptable. The available storage 
stability data indicate that the formulated product is expected to remain stable for at least 2 years when 
stored under normal conditions. 

Based on a review of the chemistry and manufacturing details, the registration of Routine 200 SC Fungicide, 
and approval of the active constituent isotianil, are supported from a chemistry perspective.
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Toxicological assessment 

Isotianil was assessed using a full package of toxicological data submitted by the applicant. The data 
submitted were sufficient to assess the toxicity of isotianil. 

Evaluation of toxicology 

Chemical class 

Isotianil belongs to the thiadiazole-carboxyamide chemical class and is a member of the Fungicide 
Resistance Action Committee (FRAC 2020) Mode of Action Group P 03 – host plant defence induction via a 
salicylate related target site. 

Pharmacokinetics 

Absorption, distribution, metabolism, and excretion of isotianil were studied in rats after oral administration of 
isotianil radiolabelled either at the phenyl ring or at the isothiazole ring and carboxamide position. 

Absorption was rapid and extensive at low doses but limited at high doses following oral gavage in rats 
(plasma Tmax ~0.3 to 10.6 hours). Oral bioavailability was up to ~86% after administration of 4 mg/kg bw 
isotianil, while saturation of oral absorption occurred at 200 mg/kg bw. Tissue distribution was wide, with the 
highest proportion found in tissues associated with absorption and excretion (stomach, intestine, liver, and 
kidney). Metabolism of isotianil was rapid and extensive at low doses but limited at high doses. The main 
metabolic reactions consisted of hydroxylation and conjugation (sulfation and/or glucuronidation). The main 
metabolites found in faeces consisted of isotianil hydroxylated at various positions. The main metabolites 
found in urine (DCIT-acid and sulphate of 2-amino-5-hydroxybenzonitrile) resulted from cleavage of the 
amide bond. Excretion was primarily via biliary and urinary excretion. The proportion of unmodified isotianil 
excreted in faeces 48 h after administration of a low dose was less than 30% and increased to 70 to 80% 
after a high dose. Unmodified isotianil was not found in urine. Elimination of isotianil-derived radioactivity was 
rapid and extensive in males and females, regardless of the dose or position of the radiolabel. Plasma 
elimination half-life range was ~14 to 20 hours and excretion was essentially complete by 7 days after dosing 
with less than 0.5% remaining in the body. There were no marked sex related differences in isotianil 
absorption, metabolism, tissue distribution, or elimination; isotianil derived radioactivity was not sequestered 
in tissues and no potential for bioaccumulation was identified. 

Dermal absorption of isotianil present in the product Routine 200 SC Fungicide, either undiluted or diluted in 
water up to 2000 times, was less than 3% in vitro using dermatomed human skin. 

Acute toxicity (active constituent) 

Isotianil was considered to have very low acute oral, dermal, or inhalation toxicity in rats. Isotianil was not 
irritating to the eyes or skin of rabbits but has potential to be a skin sensitiser in guinea pigs. 
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Acute toxicity (product) 

Routine 200 SC Fungicide was of low acute toxicity by oral, dermal, and inhalation routes. The product was 
not irritating to the skin or eyes of rabbits but has potential to be a skin sensitiser in mice. 

Repeat dose toxicity 

In repeat dose toxicity studies conducted in mice, rats, rabbits, and dogs, the liver was the main identified 
target of relevance to human toxicology. Among the species for which dietary studies were available, dogs 
were the most sensitive species with a no observed adverse effect level (NOAEL) of 5 mg/kg bw/d in a one-
year dietary study, with adverse effects including bile duct proliferation and hepatitis. Mice were the least 
sensitive, with an overall NOAEL for systemic toxicity of 7,000 ppm equal to 667 mg/kg bw/d based on the 
18-month carcinogenicity study. 

The available short term and mid-term repeat dose oral studies are summarised below. No repeat dose, 
dermal or inhalation studies were available. 

Following 28-day dietary exposure in mice, the NOAEL was 1,000 ppm (equal to 196 mg/kg bw/d) based on 
adverse liver effects. In a 13-week oral toxicity study, the NOAEL was 7,000 ppm, the highest dose tested, 
equal to 1310 mg/kg bw/d. 

Following 28-day dietary exposure in rats, the NOAEL was established at the highest tested dose 
(10,000 ppm). In the first 13-week dietary study, the NOAEL was at the highest tested dose of 20,000 ppm, 
while in another 13-week study, the NOAEL was 2,500 ppm, equal to 148 mg/kg bw/d, based on slight 
mucosal epithelial hyperplasia of the forestomach. The finding has limited relevance to human toxicology as 
humans do not have forestomach. 

Following a 13-week dietary exposure in dogs, the NOAEL was 2,000 ppm (equal to 51 mg/kg bw/d) based 
on adverse liver effects at the highest dose of 8,000 ppm (equal to 200 mg/kg bw/d). In a one-year dog 
dietary study, the NOAEL was 200 ppm equal to 5 mg/kg bw/d, based on adverse liver effects at the next 
higher dose of 1,000 ppm equal to ~27 mg/kg bw/d. 

Chronic toxicity and carcinogenicity 

Isotianil did not induce neoplasia in near lifetime exposure studies in rats or mice. Considering the available 
carcinogenicity and genotoxicity studies conducted with isotianil, no potential for carcinogenicity in humans 
was demonstrated. Isotianil is unlikely to pose a carcinogenic risk to humans. 

In an 18-month dietary study in mice, the NOAEL carcinogenicity and systemic toxicity was 7,000 ppm at the 
highest dose tested, equal to 667 mg/kg bw/d. There were no treatment related changes to the incidence of 
malignant neoplasms. 

In a one-year dietary study in rats, the NOAEL was 600 ppm, equal to 27.9 mg/kg bw/d, based on mucosal 
epithelium hyperplasia of the forestomach limiting ridge. This finding had limited relevance to human 
toxicology, as humans do not have a forestomach. In a 2-year rat dietary study, the NOAEL for 
carcinogenicity was 20,000 ppm, the highest dose tested, equal to 823 mg/kg bw/d. There were no treatment 
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related increases in the incidence of benign or malignant neoplasms. A NOAEL for systemic toxicity was not 
established as adverse effects on the liver, kidneys, and forestomach were observed at the lowest dose 
tested of 2,000 ppm, equal to 79.2 mg/kg bw/d. In light of the complete database for isotianil, this endpoint 
does not represent the point of departure (POD) for the risk assessment with acute to short term studies in 
other more sensitive species having the lowest NOAELS used to determine the acceptable daily intake. 

Reproductive and developmental toxicity 

In a 2-generation rat dietary study, treatment related reduced offspring bodyweight was observed at 
1,000 ppm equal to ~60 mg/kg bw/d. Although the magnitude of this effect was limited, it was considered 
adverse as it showed a dose dependent prevalence across 2 generations of males and females, and it 
progressed both during rearing and into adult bodyweights. Based on these data, a NOAEL of 
~3 mg/kg bw/d was established for offspring toxicity with a LOAEL of ~60 mg/kg bw/d. 

In rats and rabbits, isotianil did not adversely affect reproduction or offspring survival in the absence of 
maternal toxicity. A NOAEL of 300 mg/kg bw/d was established in both species for these endpoints. At very 
high doses, rare malformations (dilated nasal cavity and fused ribs) were found in a total of 5 out of 23 high 
dose litters. The overall NOAEL for both maternal toxicity and foetal development is at least 
300 mg/kg bw/day, however this may be an underestimate of the NOAEL (as the next highest dose was 
1,000 mg/kg bw/day). 

Genotoxicity 

Isotianil was not genotoxic in an acceptable and adequately validated battery of in vitro (reverse 
mutation/Ames test, forward mutation test, chromosomal aberration test, unscheduled DNA synthesis test), 
and in vivo (micronucleus assay in mice bone marrow) assays. 

Neurotoxicity and immunotoxicity 

Isotianil was not considered neurotoxic based on observations and analysis conducted during repeat dose 
studies. Isotianil was not considered to be immunotoxic based on tissue localisation experiments, observed 
effects in repeat dose studies, and consideration of the available published literature on isotianil and related 
compounds. 

Toxicity of metabolites and/or impurities 

Absorption, distribution, metabolism, and elimination of isotianil radiolabels, and therefore of isotianil 
metabolites, were documented in a single oral administration study in rats. An adequate package of isotianil 
toxicity studies conducted on laboratory animals has been assessed where the effects associated with 
treatment are attributable to isotianil and/or its metabolites. Furthermore, toxicity studies conducted with the 
isotianil metabolites DCIT-acid and anthranilonitrile have been appraised. 

On this basis, the toxicity of isotianil metabolites and/or degradates raised no additional concerns to the 
toxicological evaluation of isotianil. 
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Health based guidance values and poisons scheduling 

Poisons Standard 

Effective 1 February 2022, isotianil is included in Schedule 6 of the Standard for the Uniform Scheduling of 
Medicines and Poisons (SUSMP). 

Health based guidance values 

Acceptable daily intake 

An acceptable daily intake (ADI) for isotianil was established at 0.03 mg/kg bw/d, based on a NOAEL of 
~3 mg/kg bw/d in a 2-generation rat study with reduced offspring bodyweight and incorporating a total 
uncertainty factor of 100. This ADI is further supported by a NOAEL of 5 mg/kg bw/d based on adverse liver 
effects in a one-year dog dietary toxicity study. 

Acute reference dose 

No acute reference dose (ARfD) has been established for isotianil. An ARfD was considered unnecessary 
due to its low oral toxicity and the absence of any neurological effects or developmental toxicity after a single 
dose. 

Recommendations 

There are no objections on human health grounds to the approval of isotianil manufactured at the site 
specified by the applicant. 

There are no objections on human health grounds to the registration of Routine 200 SC Fungicide, 
containing 200 g/L isotianil, when used in accordance with the directions for use (DFU) and adhering to the 
recommended safety directions.



12 Public Release Summary on isotianil in Routine 200 SC Fungicide  

Residues assessment 

Metabolism, analytical methodology, residue trial data, fate in storage and trade aspects have been 
considered for isotianil. 

Metabolism 

The applicant submitted metabolism studies for isotianil in plants (lemon, tomatoes, potato, and rice) and 
target animals (lactating goat and laying hen). The studies were conducted with material labelled with 14C 
either in the isothiazole/carboxamide functional groups or in the phenyl ring. 

Figure 1: Isotianil chemical structure showing radio-label positions 
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Plant commodities 

In the plant metabolism studies the main components of the residue were parent, DCIT-acid, and 
anthranilonitrile. 

In lemon, parent accounted for 2 to 92% Total Radioactive Residues (TRR) (<0.001 to 0.974 mg/kg) in fruit 
with the level dependent on the time after application and type of application (soil v foliar). Higher proportions 
of parent were observed in lemon fruit following foliar treatment (one day post-harvest interval (PHI)) when 
compared to soil treatment. 

In tomatoes after foliar application (7-day PHI), parent accounted for 80 to 92% TRR (0.301 to 0.320 mg/kg), 
with DCIT-acid forming 6.7% TRR (0.025 mg eq/kg) and anthranilonitrile 1.9% TRR (0.006 mg eq/kg). 

In potato tubers following soil or foliar application, parent ranged from not detected to 11% TRR 
(0.004 mg/kg), while DCIT-acid was the major metabolite at 35 to 36% TRR (0.019 to 0.041 mg/kg). 

In brown rice after application to paddy water up to 30 days prior to harvest, parent accounted for 1.8 to 
5.3% TRR (0.003 mg/kg), while DCIT acid formed 6.1% (0.010 mg eq/kg) and anthranilonitrile was the major 
component from the phenyl label (16%, 0.009 mg eq/kg). 
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The main metabolic pathway for isotianil (S-2310) in plants is summarised below: 

Figure 2: The chemical structures of the main metabolic pathway for isotianil (S-2310) in plants 

 

Animal commodities 

No parent compound was detected in milk or tissues in lactating goat metabolism studies. 

In hens, parent compound was the major compound in subcutaneous fat and omental fat, accounting for 45 
to 76% (0.046 to 0.052 mg/kg) and 39 to 69% (0.024 to 0.025 mg/kg) of TRR, respectively. In eggs and leg 
muscle, it was detected as a minor compound, accounting for 2.7 to 5.1% (0.002 mg/kg) and ND-8.9% (up to 
0.001 mg/kg) of TRR, respectively. Parent compound was not detected in the liver.  

2 major residues found in the milk and tissues for the goat isothiazole/carboxamide label were DCIT-acid 
(20% to 82% of the TRR; 0.003 to 0.181 ppm) and the glucuronide of 4’-OH-isotianil (ND to 12% of the TRR; 
up to 0.028 ppm) 

The major residues found in the milk and tissues for the goat phenyl label were the sulphate of 2-amino-5-
hydroxybenzonitrile (55% to 72% of the TRR in milk, 0.011 to 0.017 ppm; 39% of the TRR in kidney, 
0.088 ppm) and its isomer, the sulphate of 2-amino-hydroxybenzonitrile (16% to 19% of the TRR in milk; 
0.003 to 0.005 ppm), the glucuronide of 4’-OH-isotianil (15% of the TRR in kidney; 0.035 ppm), and the 
glucuronide of 2-amino-5-hydroxybenzonitrile (17% of the TRR in kidney; 0.038 ppm). 

In a hen study, isothiazole/carboxamide label DCIT-acid was detected in all matrices and was the only 
metabolite found in leg and thorax muscle, accounting for 88% (0.086 mg/kg) of TRR and 89% 
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(0.048 mg/kg) of TRR, respectively. DCIT-acid was also the main metabolite in eggs, liver, subcutaneous fat, 
and omental fat and accounted for 50% (0.041 mg/kg), 34% (0.348 mg/kg), 43% (0.044 mg/kg) and 35.1% 
(0.021 mg/kg) of TRR, respectively. 

In a phenyl label hen study, the sulphate of 2-amino-5-hydroxy-benzonitrile was detected in eggs, leg 
muscle, and liver, accounting for 9.8% (0.004 mg/kg), 21% (0.003 mg/kg) and 0.6% (0.004 mg/kg) of TRR, 
respectively. Anthranilonitrile was detected as a prominent compound in the extracts of subcutaneous and 
omental fat and in liver, accounting for 13% (0.009 mg/kg), 13% (0.005 mg/kg), and 14% (0.110 mg/kg) of 
TRR. Metabolite 4’-OH-isotianil was found as a prominent compound in eggs and leg muscle, accounting for 
16% and 13.1% of TRR, respectively, however the detected concentrations were low, occurring at of 
0.006 mg/kg and 0.002 mg/kg. Metabolite 2-amino-5-hydroxy-benzonitrile, was detected in liver and 
amounted to 11% (0.082 mg/kg). 

Analytical methods and storage stability 

For plant commodities, samples were extracted by blending with acetonitrile/water and filtered. For analysis 
of isotianil and DCIT-acid the extract was evaporated to an aqueous remainder, acidified with HCl and 
purified through a Chem Elut column prior to analysis by LC-MS/MS. For analysis of anthranilonitrile, HCl 
was added to the extract which was then evaporated to an aqueous remainder. NaOH was added, and the 
extract purified through a Chem Elut column and anthranilonitrile derivatised with benzoyl chloride prior to 
analysis by LC-MS/MS. The LOQ for isotianil, DCIT-acid, and anthranilonitrile were 0.01 mg/kg each, 
expressed in isotianil parent equivalents. 

For animal commodities, the method involved 2 extractions with acetonitrile/water. After centrifuging, an 
aliquot of the extract was analysed for isotianil and DCIT-acid by reversed phase LC-MS/MS. A second 
aliquot was derivatized with benzoyl chloride, and subsequently analysed by reversed phase LC-MS/MS for 
“free” anthranilonitrile (AN) and 2-amino-5-hydroxybenzonitrile (AHBN). A third aliquot was enzymatically 
treated with β-glucuronidase/arylsulphatase to cleave potential glucuronide and sulphate conjugates of AN 
and AHBN, cleaned up, derivatized with benzoyl chloride, and subsequently analysed by reversed phase 
LC-MS/MS for AN and AHBN. The Limit of Quantitation (LOQ) for Isotianil and its metabolites DCIT-acid and 
anthranilonitrile was 0.01 mg/kg per analyte expressed as isotianil in milk, cream, whey, eggs, muscle, fat, 
kidney, and liver. For 2-amino-5-hydroxybenzonitrile and conjugates hydrolysable to AHBN, the LOQ was 
0.01 mg/kg in milk, cream, whey, eggs, muscle, and fat; 0.1 mg/kg for cattle liver; and 0.025 mg/kg for cattle 
kidney. 

Storage stability 

Based on the results of a storage stability study, isotianil and DCIT-acid can be considered to be stable in 
the tested sample matrices, which are representative of the plant matrix types with high water content, high 
acid content, dry matrices (high starch content and high protein), and high oil content. 

The study results demonstrate that the residues of anthranilonitrile are stable in kidney bean (seeds), and 
somewhat stable (63% corrected recovery) for soy (seeds) for at least 24 months under deep-freezer storage 
conditions (-18°C). In the other matrices, the residues of anthranilonitrile are not stable under deep freezer 
storage conditions (-18°C) within the tested period of 24 months. In the most acidic matrix, lemon fruit, a 
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relatively fast and clear decline of anthranilonitrile was observed. In the less acidic matrix, apple, a slower 
decline was observed. In wheat grain, an initial slight decline of the recoveries of anthranilonitrile ceased 
after approximately 3 months, followed by an unaltered level of recoveries until at least 24 months under 
deep-freezer storage conditions (-18°C). 

In the residue trials submitted for banana, all samples were maintained under freezer conditions, (i.e.-18°C) 
prior to analysis and were tested within 63 days of collection. This is acceptable for the purposes of the 
current application. 

Residue definition 

Plant commodities 

The banana residue trials submitted with this application were analysed for parent, DCIT-acid, and 
anthranilonitrile. Residues of parent were observed; however, the metabolites were always below the LOQ 
(0.01 mg/kg), apart from one detection of DCIT-acid in banana skin at the LOQ. 

Parent isotianil was generally the major component in the plant metabolism studies in lemon, tomato, potato, 
and rice, and in the submitted banana residue trials. Parent isotianil was the predominant component (80% 
to 92% TRR) following the foliar treatment to lemon and tomato, which is directly relevant to the proposed 
foliar use in bananas. Based on the available use pattern, a residue definition of parent compound only is 
recommended for commodities of plant origin. This definition is suitable for both risk assessment and 
enforcement. This is the same residue definition as established in Japan and the USA. 

Animal commodities 

The isotianil dairy cattle and laying hen transfer studies provided by the applicant analysed for parent, DCIT-
acid, anthranilonitrile, and AHBN (2-amino-5-hydroxybenzonitrile) including conjugates of anthranilonitrile 
and AHBN. Generally, the only components detected were DCIT-acid and conjugates of AHBN. 

It is noted that the analytical method for AHBN and its conjugates requires a hydrolysis step to cleave 
conjugates and a derivatisation step with benzoyl chloride. AHBN and its conjugates will not be included in 
the residue definition given DCIT-acid was the major component in the transfer study and it can be analysed 
for directly after extraction, noting also that residues are not expected in livestock from this use on bananas. 

Based on the goat and hen metabolism studies and the livestock feeding studies, a suitable definition for 
commodities of animal origin is the sum of isotianil and DCIT-acid (3,4-dichloroisothiazole-5-carboxylic acid), 
expressed as isotianil. 

Residues in food and animal feeds 

The proposed use on bananas is for up to 4 applications per season, each at 50 g a.c./ha, with a minimum 
8-week re-treatment interval. The proposed withholding period is ‘Nil’. The draft label contains the following 
critical comment: “Ensure banana bunches are protected by bagging prior to application”. 
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The applicant has provided full details of 8 residue trials on bananas, including application to both bagged 
and unbagged fruit at 1× and 2× the proposed rate. All treatments included addition of a crop oil at similar 
rates to the proposed label directions. 

Highest residues of parent isotianil in banana whole at zero or more days after the last application to bagged 
bananas at 50 g a.c./ha (1× proposed) were <0.01 (7) and 0.017 mg/kg. 

After application to bagged bananas at 100 g a.c./ha (2× proposed) highest parent residues in banana whole 
fruit were <0.01 (6), 0.017, and 0.034 mg/kg. 

Based on the 1× dataset, the OECD MRL calculator recommends an MRL of 0.02 mg/kg, noting a high 
uncertainty due to the high level of censoring. An MRL of 0.03 mg/kg, which is approximate to the HR 
observed following the 2× rate treatment, is recommended for isotianil on FI 0327 Banana. 

Residues of parent isotianil in banana pulp, the edible portion, were <0.01 (8) mg/kg, the STMR was 
<0.01 mg/kg. This edible portion information has been used in the dietary exposure assessments. 

Crop rotation 

Confined or field rotational crop studies for isotianil have not been provided. However, the applicant argues 
bananas are grown for up to 6 or 7 years as a continuous ratoon system that is then fallowed and reused for 
bananas at a later date. As such it is considered that rotation to other crops is not routinely relevant. In the 
event of a cyclone or similar event, which is a risk in most of the banana growing regions of Australia, 
growers will generally use ‘nurse suckering’ to manage the destroyed crop back into production. Nurse 
suckering involves preventing the apical meristem of the ‘mother’ plant from growing and allows the new 
banana crop to be scheduled back into production in a way that allows the banana grower to realise the best 
returns from their enterprise. Between plantings, it is also common for a green manure crop to be planted. 
This is rotated back into the soil to increase organic matter, and reduce soil borne pathogens. 

This argument is considered acceptable for the purposes of the current application; however, rotational crop 
studies for isotianil may be required in the future if label extension is sought for a commodity that is 
commonly grown in rotation with other crops. 

Residues in animal commodities 

Dairy cattle and laying hen animal transfer studies have been provided for isotianil. However, bananas are 
not considered to be a significant feed for livestock. Animal commodity MRLs will be established at the 
combined LOQ for each individual analyte in the residue definition to indicate that residues should not occur. 
The following MRLs are recommended: 

MO 0105 Edible offal (mammalian): *0.02 

PE 0112 Eggs: *0.02 

MM 0095 Meat (mammalian): *0.02 
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ML 0106 Milks: *0.02 

PM 0110 Poultry meat : *0.02 

PO 0111 Poultry, edible offal of: *0.02 

Spray drift 

The APVMA spray drift risk assessment was based on a regulatory acceptable level (RAL) of 5.4 mg/kg. See 
the spray drift assessment and label recommendations sections for details of the relevant restraints and 
buffer zones. 

Dietary risk assessment 

The chronic dietary exposure to isotianil is estimated by the National Estimated Daily Intake (NEDI) 
calculation encompassing all registered and temporary uses of the chemical and the mean daily dietary 
consumption data derived primarily from the 2011–12 National Nutritional and Physical Activity Survey. The 
NEDI calculation is made in accordance with WHO Guidelines and is a conservative estimate of dietary 
exposure to chemical residues in food. The NEDI for isotianil is equivalent to <2% of the ADI. It is concluded 
that the chronic dietary exposure to isotianil is acceptable. 

The acute dietary exposure is estimated by the National Estimated Short Term Intake (NESTI) calculation. 
The NESTI calculations are made in accordance with the deterministic method used by the JMPR with 97.5th 
percentile food consumption data derived primarily from the 2011–12 National Nutritional and Physical 
Activity Survey. NESTI calculations are conservative estimates of short-term exposure (24-hour period) to 
chemical residues in food. An acute reference dose was considered unnecessary for isotianil. A NESTI 
calculation is not required. 

Recommendations 

The following amendments are required to be made to the APVMA MRL Standard (Table 5). 

Table 5: Amendments to the APVMA MRL Standard 

Amendments to Table 1 

Compound Food MRL (mg/kg) 

Add: 

Isotianil   

FI 0327 Banana 0.03 

MO 0105 Edible offal (mammalian) *0.02 

PE 0112 Eggs *0.02 
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Amendments to Table 1 

Compound Food MRL (mg/kg) 

MM 0095 Meat (mammalian) *0.02 

ML 0106 Milks *0.02 

PM 0110 Poultry meat *0.02 

PO 0111 Poultry, edible offal of *0.02 

Amendments to Table 3 

Compound Residue 

Add: 

Isotianil Commodities of plant origin: Isotianil 

Commodities of animal origin: sum of isotianil and 3,4-dichloroisothiazole-5-
carboxylic acid, expressed as isotianil 
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Assessment of overseas trade aspects of residues in food 

The proposed use does not involve treatment of major trade commodities and significant residues are not 
expected to arise in livestock feeds as a result of the proposed use. 

MRLs for isotianil have been established for isotianil in Japan (rice (brown rice) 0.3 mg/kg), Korea (various 
peppers 2 mg/kg, rice 0.1 mg/kg), Taiwan (rice 0.3 mg/kg), and in the USA (banana 0.02 mg/kg) although 
there are no US registrations. No isotianil MRLs for animal commodities are currently established. The 
residue definition is parent only for both Japan and the USA. 

The applicant has proposed the following risk mitigation statement which is considered appropriate and 
acceptable: 

Growers should note that suitable MRLs or import tolerances may not exist in all markets for produce treated 
with Routine 200 SC. If you are growing produce for export, please check with Bayer CropScience Pty Ltd 
for the latest information on MRLs and import tolerances and for advice on any potential trade issues and 
their management.
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Work health and safety assessment 

Routine 200 SC Fungicide is to be applied by professional users for the control of some banana fungal leaf 
diseases. The recommended product application rate is 250 mL/ha, i.e., 50 g isotianil/ha, restricted to no 
more than 4 applications per season. The greatest potential for exposure of workers during mixing, loading, 
and application of the product will be dermal and inhalational, although accidental ocular exposure may also 
occur. Exposure of workers handling the product is expected to follow a short-term pattern. 

Health hazards 

The product Routine 200 SC Fungicide was of low toxicity in rats after acute oral, dermal, and inhalation 
administration. It was not irritating to the skin or eyes of rabbits but was a skin sensitiser in mice (LLNA). 
Dermal absorption was lower than 3% in an in vitro human study. 

Occupational exposure 

Exposure during use 

In the absence of exposure studies for the proposed product use, worker exposure was estimated using the 
current US EPA Occupational Pesticide Handler Exposure Calculator (OPHEC 2020). Risks were acceptable 
for all mixing and loading activities with high margins of safety for workers wearing a single layer of clothing. 

Exposure during re-entry 

Dermal exposure of personnel carrying out post-application activities were estimated using the US EPA 
Occupational Pesticide Re-entry Exposure Calculator (US EPA 2017). Risks were acceptable for re-entry 
into treated areas after spray had dried. 

Public exposure 

The product Routine 200 SC Fungicide is intended for professional use only, in fields usually not accessible 
to the general public. Therefore, public exposure is not expected. 

The RAL for bystander spray drift risk assessment is 5.9 kg /ha. No buffer zones are required for the 
protection of bystanders from spray drift associated with the application of the product. See the spray drift 
assessment and label recommendations sections for the general spray drift restraints. 
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Recommendations 

The following first aid instructions, safety directions, and re-entry statement are recommended for the 
product label. 

First aid instructions 

If poisoning occurs, contact a doctor or Poisons Information Centre. Phone Australia 13 11 26. 

Safety directions 

Repeated exposure may cause allergic disorders. When opening the container and preparing spray and 
using the prepared spray, wear cotton overalls buttoned to the neck and wrist (or equivalent clothing) and 
elbow length chemical resistant gloves. Wash hands after use. After each day’s use wash contaminated 
clothing. 

Re-entry statement 

While calculated margins of exposure were acceptable the day of application, the following statement is 
recommended based on the acute hazard, particularly in relation to the potential for skin sensitisation. 

“Do not allow entry into treated areas until spray has dried. If 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.”
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Environmental assessment 

Fate and behaviour in the environment 

Soil 

Phototransformation of isotianil on soil surfaces does not contribute to the elimination of this compound from 
the environment. No metabolites of isotianil formed exclusively by sunlight irradiation on soil surface were 
observed. 

The route of degradation of isotianil in soil was studied using 2 different radiolabels labelled in 3 positions, 
[isothiazol-3-14C, carboxamide-14C] and [phenyl(U)-14C]. The studies have been performed in a number of 
soils in the laboratory at different temperatures and soil moistures. 

Under aerobic conditions in the dark in the laboratory, isotianil is degraded to DCIT-acid (up to 81%), which 
is degraded further to result in the formation of non-extractable residues (up to 44%) and mineralisation to 
carbon dioxide (up to 89%) after 120 days. 

Degradation in soil under anaerobic conditions follows the same pathways as under aerobic conditions, with 
2 additional metabolites (isothiazol-acid and pyruvic acid) formed with max. 4.8% and 10% AR, respectively. 
DCIT-acid occurred with max. 98% decreasing towards study end to 4.4%. Additionally, 4-CIT and 3-CIT 
were observed with max. 77% and 9.6%, respectively. Formation of non-extractable residues (up to 76%) 
and mineralisation to carbon dioxide (up to 9.5%) were observed after 106 to 126 days. Anthranilamide was 
observed at a maximum 11% AR at one DAT (8.8% at one DASF). 

Degradation in laboratory tests followed either first order or biphasic kinetics. Under aerobic conditions, 
DT50 values used for modelling purposes for isotianil ranged from 0.72 days to 6.1 days (geometric mean 
2.1 days). DCIT-acid was more persistent with aerobic laboratory half-lives ranging from 11 to 48 days 
(geometric mean 21 days). Under anaerobic conditions, model DT50 values ranged from 0.61 days to 18 
days (geometric mean 2.9 days). 

2 field dissipation studies were provided where isotianil was applied twice (90-day interval) to bare soils. 
Half-lives were reflective of those observed in laboratory studies and ranged from 2.1 to 7.8 days (geometric 
mean 3.5 days). Isotianil was retained almost exclusively in the top 30 cm soil layer. 

Adsorption of isotianil and a number of metabolites were determined in batch equilibrium studies. Sorption of 
isotianil was shown to be positively correlated with soil organic carbon and regression derived KF values of 
11, 19, and 44 L/kg were calculated for 1%, 2%, and 5% OC soils, respectively. DCIT-acid was also shown 
to have sorption positively correlated with soil organic carbon and was significantly more mobile than the 
parent compound. Regression derived KF values of 0.18, 0.28, and 0.58 L/kg were calculated for 1%, 2%, 
and 5% OC soils, respectively for DCIT-acid. In a soil column leaching study (4 soils), isotianil was almost 
exclusively retained in the top 5 cm soil layer. DCIT-acid was shown to move through the soil column and 
was found at 5.3% AR in leachate from one of the soil columns. 
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Figure 3: Isotianil proposed degradation pathway in soil 

 

Water and sediment 

Isotianil was stable to hydrolysis in an acidic environment and moderately to rapidly hydrolysed in sterile 
buffer solutions at neutral (DT50 at pH 7: 66 d at 25°C) to alkaline pH (DT50 at pH 9: 53 d at 25°C). The 
major hydrolysis products observed at pH 7 and pH 9 were formed by amide cleavage to the corresponding 
carboxylic acid (DCIT-Acid up to 36% AR at pH 9 and 29% AR at pH 7; 25°C) and the amine 
(anthranilonitrile up to 36% AR at pH 9 and 29% AR at pH 7, 25°C). 

Isotianil is rapidly photodegraded at wavelengths >290 nm in sterile distilled water (DT50 2.3 days in the 
laboratory and 7.9 days under environmental conditions in Tokyo, Japan) and natural water (DT50 2.4 days 
in the laboratory and 7.4 to 9.4 days under environmental conditions in Tokyo, Japan). Photolytic 
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degradation was accompanied with formation of anthranilonitrile (max. 14% AR in irradiated samples at 
pH 9) and several minor degradation products. DCIT-acid was found in dark samples only (max. 8.7% AR). 
Direct photolysis could be a route of elimination of isotianil from the environment. 

Isotianil was microbially degraded in 5 tested aerobic sediment/water systems and one flooded aerobic soil. 
Identified degradation products were DCIT-acid, 3-CIT-acid, 4-CIT-acid, anthranilonitrile, and anthranilamide, 
which reached maximum abundances of 92%, 14%, 21% AR, 31%, and 28% AR in the total systems, 
respectively. All further degradates remained below 5% AR until study end. Terminal bioconversion led into 
the formation of non-extractable residues and 14C-carbon dioxide. In terms of distribution, the metabolites 
were mainly formed in the water phase (DCIT-acid maxima 72% AR in water and 27% AR in sediment; 4-
CIT-acid maxima 12% AR in water and 8.0% AR in sediment; anthanilamide maxima 26% AR in water and 
2.1% AR in sediment; anthanilotirile maxima 22% AR in water and 8.8% AR in sediment). 

Degradation followed either biphasic or SFO kinetics in both water and whole system assessments. For 
modelling end points, water phase DT50 values ranged 0.89 to 2.8 days (geometric mean 1.5 days) while 
whole system DT50 values ranged 2.0 to 44 days (geometric mean 7.1 days). Based on results of 3 systems 
for DCIT-acid, the water phase DT50 values were determined to be 52 to 105 days (geomean 67 days) and 
whole system DT50 values were 52 to 122 days (geomean 81 days). 

Air 

The half-life in air was modelled using a standard approach. The rate constant for reaction with OH radicals 
is 3.6×10-12 cm3/mol/second and the atmospheric half-life is calculated to be 3.0 days (12-hour day). This 
exceeds the persistence DT50 trigger of 2.0 days for the potential to undergo long range atmospheric 
transport. 

The vapour pressure of isotianil was too low to be measured (gas saturation procedure) and was estimated 
at <2.4×10-7 Pa at and the Henry’s law constant is 5.6×10-5 Pa m³/mol. Given these properties, volatilisation 
from soil and plant surfaces is unlikely to constitute a significant route of transport for isotianil in air and long-
range transport following application is unlikely. 

Isotianil forms DCIT-acid at almost a 100% conversion in some media. The rate constant for reaction of 
DCIT-acid with OH radicals was predicted to be 1.9×10-12 cm3/mol/second and the atmospheric half-life 
was calculated to be 5.6 days (12-hour day). Vapour pressure was calculated to be 0.015 Pa (25°C) and 
Henry’s Law Constant calculated to be 4.8×10-5 Pa m3/mole. These values indicate DCIT-acid is considered 
moderately volatile, but only very slightly volatile from water bodies. 

Effects and associated risks to non-target species 

Terrestrial vertebrates 

Isotianil has low toxicity to mammals (LD50 >5000 mg ac/kg bw, Rattus norvegicus) and birds 
(LD50>2000 mg ac/kg bw, 3 species tested). Following long term dietary administration in reproductive 
toxicity studies, reduced pup weight was observed in mammals at doses as low as 60 mg ac/kg bw/d (NOEL 
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of 3 mg ac/kg bw/d, Rattus norvegicus), and the number of eggs laid per hen was reduced in dose 
dependent manner (ED10 18 mg ac/kg bw/d, Anas platyrhynchos). 

DCIT-acid, which is also a rat and plant metabolite, was moderately toxic to mammals (LD50 
>300 mg/kg bw, Rattus norvegicus; 100% mortality at 2000 mg/kg bw). 

Risks to terrestrial vertebrates were determined to be acceptable assuming direct dietary exposure to 
accumulated residues on food items collected within the treatment area immediately after the last 
application. Therefore, no protection statements are required for terrestrial vertebrates. 

A food chain assessment indicated that any accumulated residues in earthworms or fish will not reach levels 
harmful to predators under the proposed conditions of use. Available data also indicate that isotianil and its 
residues have low potential for bioaccumulation in mammalian and fish tissue; therefore, it is expected that 
there will be no biomagnification up the food chain. 

Aquatic species 

At its limit of solubility, isotianil has low toxicity to aquatic vertebrates (LC50 >0.73 mg ac/L, 6 species 
tested); aquatic invertebrates (EC50 >0.64 mg ac/L, 3 species tested); sediment dwellers (LC50 
>7.5 mg ac/kg dry sediment, Chironomus riparius); and aquatic plants (ErC50 >0.86 mg ac/L, Lemna gibba). 
Isotianil has moderate toxicity to algae (ErC50 2.0 mg ac/L, Skeletonema costatum). The SC formulation did 
not enhance toxicity to aquatic species; however, some environmental metabolites had higher toxicity to 
aquatic plants than the parent substance (Lemna gibba ErC10 values of 0.76, 0.17, 0.11, and 0.059 mg/L for 
isotianil, DCIT-acid, 3-CIT-acid and 4-CIT-acid, respectively). Based on toxicity to algae, the following 
protection statement is required on isotianil product labels. 

Toxic to aquatic life. DO NOT contaminate wetlands or watercourses with this product or used containers. 

Following long term exposure to isotianil, decreased survival and morphological effects were observed in fish 
in the early life stages at concentrations as low as 0.058 mg ac/L (NOEC 0.029 mg ac/L, Pimephales 
promelas), and the growth (dry weight) of aquatic invertebrates was reduced in a dose dependent manner 
(EC10 0.19 mg ac/L, Daphnia magna). 

Isotianil and its residues do not bioconcentrate in fish (BCF values were 121 and 269 L/kg for isotianil and 
TRR, respectively). 

The RAL for natural aquatic areas was set at 29 µg a.c /L based on chronic toxicity to fish in the early life 
stages. Spray drift risks to aquatic species were determined to be acceptable provided a 10-metre buffer 
zone is observed when the product is applied by helicopter. Buffer zones are not required for ground 
application or fixed wing aircraft. Runoff risks to aquatic species were determined to be acceptable provided 
a runoff event is not expected soon after application (i.e., due to storms or irrigation). General runoff 
restraints are advised to mitigate this risk. 

DO NOT apply if heavy rains or storms are forecast within 3 days. 

DO NOT irrigate to the point of field runoff for at least 3 days after application. 
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Bees and other non-target arthropods 

Isotianil and DCIT-acid have low toxicity to adult bees by contact exposure (LD50 >100 µg a.c./bee, Apis 
mellifera) and oral exposure (LD50>100 µg a.c./bee, Apis mellifera); however, DCIT-acid has moderate 
toxicity to bee larvae (LD50 19 µg a.c./bee, Apis mellifera). Following long-term dietary exposure to isotianil, 
there were no adverse effects on adult bees at the highest rate tested (NOED 4.2 µg a.c./bee, Apis 
mellifera). Risks to bees were determined to be acceptable assuming the worst-case scenario of a direct 
overspray of blooming plants. Therefore, no protection statements are required for bees. 

In tier one laboratory (glass plate) studies, a representative SC formulation of isotianil was not toxic at the 
limit doses to indicator species of predatory arthropods (LR50 >160 g a.c./ha, Typhlodromus pyri) and 
parasitic arthropods (LR50 >160 g a.c./ha, Aphidius rhopalosiphi). Risks to beneficial arthropods were 
determined to be acceptable assuming direct exposure to fresh-dried residues within the treatment area 
immediately after the last application. Therefore, the proposed use of the product is considered to be 
compatible with IPM programs utilising beneficial arthropods and no protection statements are required. 

Soil organisms 

Isotianil has low toxicity to soil macro-organisms such as earthworms (LC50 >971 mg a.c./kg dry soil, 
Eisenia fetida); however, reduced body weight was observed at soil concentrations as low as 173 mg a.c./kg 
dry soil (NOEC 97 mg a.c./kg dry soil). Isotianil did not impact soil carbon transformation processes at 
exaggerated soil concentrations after 28 days, or nitrogen transformation processes after 70 days (NOEC 
8.0 mg a.c./kg dry soil). Risks to soil organisms were determined to be acceptable assuming the worst-case 
scenario of a direct overspray of soil without interception. Therefore, no protection statements are required 
for soil organisms. 

Non target terrestrial plants 

A representative SC formulation of isotianil had low toxicity to a standard suite of 10 test plants following pre-
emergent exposure, with sugar beet being the most sensitive species (seedling emergence ER25 
158 g a.c./ha, Beta vulgaris). Following post-emergent exposure, no adverse effects were observed at the 
highest test rate for monocotyledons (NOER 100 g a.c./ha, 4 species tested) and for dicotyledons (NOER 
11 g a.c./ha, 6 species tested). 

In an additional seedling emergence test, a DCIT-acid WP formulation was tested for phytotoxicity and 
effects on shoot dry weight of 10 standard test species (3 monocots and 7 dicots) following incorporation into 
the soil. Defined EC10 values were obtained for 9 species with cucumber being the most sensitive (EC10 
0.040 mg/kg dry soil, Cucumis sativus), while no adverse effects were observed in one species (corn) (EC10 
>2.9 mg a.c./kg dry soil, Zea mays). Based on a species sensitivity distribution, an HC5 value of 0.029 mg/kg 
dry soil was determined for DCIT-acid. 

The RAL for non-target terrestrial plants was set at 11 g a.c./ha based on the limit rate tested for 
dicotyledons in the vegetative vigour test. Spray drift risks to vegetation areas were determined to be 
acceptable provided buffer zones up to 5 metres are observed for vertical sprayers (depending on the type of 
target canopy) and 25 to 30 metres for aerial application (depending on the type of aircraft). 



 Environmental assessment 27 

Recommendations 

There are no objections on environmental grounds to the registration of Routine 200 SC Fungicide, 
containing 200 g/L isotianil when the product is used as directed on the label, including protection measures 
to mitigate risks of spray drift and runoff. 

Restraints 

DO NOT apply if heavy rains or storms are forecast within 3 days. 

DO NOT irrigate to the point of field runoff for at least 3 days after application. 

[See Spray drift and Label recommendations sections for specific spray drift restraints and buffer zones.] 

Protection of wildlife, fish, crustaceans and environment 

DO NOT contaminate wetlands or watercourses with this product or used containers.
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Efficacy and safety assessment 

Bayer CropScience Pty Ltd has applied to the APVMA for registration of the new product Routine 200 SC 
Fungicide, containing 200 g/L isotianil, as a suspension concentrate (SC) formulation for use as a foliar 
broadcast spray in banana crops to control yellow Sigatoka (Mycosphaerella musicola) and common leaf 
speckle (Mycosphaerella musae). 

An application rate of 250 mL/ha is proposed, with the addition of a high-quality mineral oil at a rate of 
3.5 L/ha where conditions are favourable for moderate to high disease situations Ground applications should 
be applied in sufficient water, using suitable application parameters (nozzles, pressure, speed, etc.) to 
ensure thorough and even coverage of the target area and aerial application should be applied in at least 20 
L of spray mixture per hectare. 

The proposed label states” Routine 200 SC must be applied as part of a regular program of fungicide sprays, 
in rotation with fungicides from different mode of action groups. Include applications of fungicides registered 
for control of the target pathogen from a different mode of action group in the window between each Routine 
200 SC applications as would be consistent with a preventative fungicide program. The minimum interval for 
reapplication of Routine 200 SC to each banana crop is 8 weeks” with a maximum of 4 applications of 
Routine 200 SC per season. 

Efficacy 

22 trials were conducted in New South Wales and Queensland from 2013 through to 2019 to evaluate 
efficacy against the 2 main banana leaf diseases, yellow Sigatoka and common leaf speckle, in comparison 
with commercial standards. All trials were conducted as a randomised complete block design with 4 
replicates. 

Across all trials, applications were made using a motorised backpack mister or a modified orchard sprayer 
delivering water volumes between 111 and 222 L/ha. Trials incorporating low volume applications at 30 to 
39 L/ha were also included to simulate aerial application volumes. Between 4 and 6 applications occurred in 
each trial, with the main leaf disease assessments taking place after the second last and last applications. 

Banana plants were assessed for the 2 most common leaf spot diseases, yellow Sigatoka and common leaf 
speckle. Assessments consisted of assessment of the youngest leaf spotted (YLS), total number of leaves, 
percent incidence of leaf infection and disease severity index (DSI). 

Crop safety 

Crop safety was evaluated during all efficacy trials and in one specific bunch safety trial. Routine 200 SC 
caused some minor to moderate levels of leaf discolouration when multiple applications were made with 
short time intervals. This discolouration presents as bronzing of older leaves. Despite the level of crop 
damage still falling within the range of what is generally considered commercially acceptable in the majority 
of trials, specific trials were carried out to determine the safest use patterns for Routine 200 SC in banana 
crops. 
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To limit the amount of bronzing to older leaves, a reapplication restriction of 8 weeks between Routine 200 
SC applications is proposed. It is therefore expected that no significant crop damage (bronzing of older 
leaves) will occur when used according to the label instructions. 

Phytotoxicity was generally low after the full spray program. There were some exceptions, particularly where 
low volume simulated aerial spraying was evaluated, however the application of Routine in an extended 
program was found to be safe to the banana crop. 

Resistance management 

Isotianil belongs to the thiadiazole-carboxyamide chemical class with a mode of action classified by the 
Fungicide Resistance Action Committee (FRAC 2020) as Group P 03 with a salicylate related target site. 

In combination with cultural practices, pesticides are important tools in banana production and respective 
IPM programs. They control the various diseases, insects, and weeds that affect the crop and can cause 
severe economic loss in modern high intensity growing operations. 

In controlling fungal and bacterial diseases, growers should be mindful of resistance management. CropLife 
Australia has not yet developed a resistance management strategy for Isotianil, but the label advises users 
to check in case this changes in the future. The use of Routine 200 SC Fungicide in Australian banana 
plantations will be compatible with current farming systems. The use pattern of Routine 200 SC with a 
maximum of 4 applications of Routine 200 SC per season is consistent with current use patterns for foliar 
fungicides already in use in the industry and it can be applied with existing spray application equipment. 

Routine 200 SC presents growers with an alternative fungicide with a new mode of action in bananas that 
can be rotated with existing fungicide mode of action groups. As such this will decrease selection pressure 
on currently registered fungicides and provide another fungicide group for rotation of chemistry, in particular 
for control of yellow sigatoka. 

Recommendations 

Trial data demonstrated that Routine 200 SC Fungicide will be effective in controlling banana diseases leaf 
speckle and yellow sigatoka when applied as a program, and crop safety is acceptable by industry standards 
when applied at the proposed label rates of 250 mL/ha with a maximum of 4 applications of Routine 200 SC 
per season and a reapplication restriction of 8 weeks between Routine 200 SC applications. 

The proposed label recommends the rate of 250 mL/ha, established in the trials as efficacious and robust 
without significant crop safety issues. It is recommended to add a high-quality water miscible mineral crop oil 
at 3.5 L/ha. Trial data do indicate that the addition of an oil, particularly under conditions favourable to 
disease development, is necessary and provides more effective control. A maximum of 4 applications is 
recommended in the proposed label to minimise the risk of resistance development. 
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The proposed label recommends the application of Routine as part of a regular program of fungicide sprays, 
alternating with fungicides from different mode of action groups. In most trials, Routine 200 SC was applied 
as part of a disease management program and found to be safe and efficacious as part of the program. Low 
levels of bronzing on older leaves after multiple applications are expected and within industry acceptability 
levels. The standard industry practice of de-leafing older infected leaves is recommended to reduce disease 
inoculum.
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Spray drift assessment 

Regulatory Acceptable Levels (RALs) were established for each risk area in order to calculate the 
appropriate spray drift buffer zones for Routine 200 SC Fungicide, using in the APVMA Spray Drift 
Assessment Tool (SDRAT). 

The draft label indicates that the product should be applied with a medium spray quality by aerial application 
or by vertical sprayers (orchard airblast equipment). 

Residues 

In the isotianil dairy cattle transfer study provided by the applicant, the highest residue after dosing at 
9.18 ppm was DCIT-acid in kidney at 0.017 mg/kg. The feeding level for residues of this metabolite at the 
LOQ (0.01 mg/kg) is 5.4 ppm, noting that residues of parent and other metabolites would also be expected to 
be below the LOQ at this feeding level. Using the analytical method LOQ for determination of the RAL for 
livestock areas is considered appropriate as international markets have not established isotianil MRLs for 
animal commodities at this time. Buffer zones are not required for international trade. 

Using the RAL of 5.4 ppm, the APVMA Spray Drift Risk Assessment Tool indicates buffer zones are not 
required for livestock areas. 

Human health 

Risks to bystanders from spraying activities were based on potential risks to children (as the most sensitive 
sub population) using a NOAEL of 51 mg/kg bw/d, a maximum application rate of product of 250 mL/ha 
(50 g a.c./ha) with and minimum droplet size of Medium. Using these parameters, a RAL of 5,900 g/ha was 
established for calculating bystanders buffer zones in the SDRAT. 

Using the RAL of 5,900 g/ha, the APVMA Spray Drift Risk Assessment Tool indicates buffer zones are not 
required for bystander areas when Routine 200 SC Fungicide is applied by aerial application or vertical 
sprayers. 

Environment 

Spray drift risks to aquatic species are driven by chronic toxicity of isotianil to fish (RAL 29 μg a.c./L). 
Mandatory downwind buffer zones for natural aquatic areas were determined to be up to 10 metres for 
application by helicopter. Aquatic buffer zones are not required for ground application or fixed wing aircraft. 

The RAL for non-target terrestrial plants is based on the limit rate tested for dicotyledons in the vegetative 
vigour test (RAL 11 g a.c./ha). Mandatory downwind buffer zones for vegetation areas were determined to be 
up to 5 metres for vertical sprayers (depending on the type of target canopy) and 25 to 30 metres for aerial 
application (depending on the type of aircraft). 
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Isotianil has low toxicity to bees by contact exposure (LD50 >100 µg a.c./bee), and therefore the RAL for 
pollinator areas was set at 16667 g ac/ha1. Mandatory downwind buffer zones are not required for the 
protection of pollinator areas. 

Table 6: Summary of RALs for Routine 200 SC Fungicide (200 g/L isotianil) 

Sensitive area 
Regulatory Acceptable Level  

Level of active Units 

Natural aquatic 29 μg/L  

Vegetation 11 g/ha 

Pollinator 16667 g/ha 

Bystander 5900 g/ha 

Livestock 5.4 ppm 

Buffer zones calculated by the SDRAT, using the above RALs, are incorporated into the Routine 200 SC 
Fungicide label spray drift instructions (see below).

 
 

1 RAL (g/ha)= contact LD50 in μg/bee×LOC 0.4 / ExpE 2.4×1000 
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Labelling requirements 

POISON 
KEEP OUT OF REACH OF CHILDREN 

READ SAFETY DIRECTIONS BEFORE OPENING OR USING 
  

 Routine® 200 SC  

FUNGICIDE 
 

ACTIVE CONSTITUENT: 200 g/L ISOTIANIL 
 

GROUP P03 
 

FUNGICIDE 
 

For the control of various diseases in bananas as specified in the DIRECTIONS FOR USE table 

DIRECTIONS FOR USE 

RESTRAINTS 

DO NOT apply if heavy rains or storms are forecast within 3 days. 

DO NOT irrigate to the point of field runoff for at least 3 days after application. 

SPRAY DRIFT RESTRAINTS 

Specific definitions for terms used in this section of the label can be found at apvma.gov.au/spraydrift. 

DO NOT allow bystanders to come into contact with the spray cloud. 

DO NOT apply in a manner that may cause an unacceptable impact to native vegetation, agricultural crops, 
landscaped gardens and aquaculture production, or cause contamination of plant or livestock commodities, 
outside the application site from spray drift. The buffer zones in the relevant buffer zone tables below provide 
guidance but may not be sufficient in all situations. Wherever possible, correctly use application equipment 
designed to reduce spray drift and apply when the wind direction is away from these sensitive areas. 

DO NOT apply unless the wind speed is between 3 and 20 kilometres per hour at the application site during 
the time of application. 

DO NOT apply if there are hazardous surface temperature inversion conditions present at the application site 
during the time of application. Surface temperature inversion conditions exist most evenings one to 2 hours 
before sunset and persist until one to 2 hours after sunrise. 
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DO NOT apply by a vertical sprayer unless the following requirements are met: 

• Spray is not directed above the target canopy 

• The outside of the sprayer is turned off when turning at the end of rows and when spraying the outer 
row on each side of the application site 

• For dilute water rates up to the maximum listed for each type of canopy specified, minimum distances 
between the application site and downwind sensitive areas are observed (see ‘Mandatory buffer 
zones’ section of the following table titled ‘Buffer zones for vertical sprayers’). 

Buffer zones for vertical sprayers 

Application rate 

Mandatory downwind buffer zones 

Bystander 
areas 

Natural 
aquatic areas 

Pollinator 
areas 

Vegetation 
areas 

Livestock 
areas 

250 mL/ha 0 0 0 5 m 0 

DO NOT apply by aircraft unless the following requirements are met: 

• Spray droplets not smaller than a MEDIUM spray droplet size category 

• For maximum release heights above the target canopy of 3 m or 25 per cent of wingspan or 25 per 
cent of rotor diameter, whichever is the greatest, minimum distances between the application site 
and downwind sensitive areas are observed (see the following table titled ‘Buffer zones for aircraft’). 

Buffer zones for aircraft 

Application 
rate 

Type of 
aircraft 

Mandatory downwind buffer zones 

Bystander 
areas 

Natural 
aquatic 
areas 

Pollinator 
areas 

Vegetation 
areas 

Livestock 
areas 

250 mL/ha 

Fixed wing 0 0 0 25 m 0 

Helicopter 0 10 m 0 30 m 0 
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DIRECTIONS FOR USE TABLE 

CROP DISEASE RATE CRITICAL COMMENTS 

Bananas 
(For use in 
QLD, NSW, 
WA, NT 
only) 

Yellow Sigatoka 
(Mycosphaerella 
musicola)  

Common leaf 
speckle 
(Mycosphaerella 
musae) 

250 mL/ha 
(plus a high 
quality water 
miscible 
mineral crop 
oil at 
3.5 L/ha*) 

Routine 200 SC must be applied as part of a regular 
program of fungicide sprays, in rotation with fungicides 
from different mode of action groups. Include 
applications of fungicides registered for control of the 
target pathogen from a different mode of action group 
in the window between each Routine 200 SC 
applications as would be consistent with a preventative 
fungicide program. 

General 

Apply a maximum of 4 applications of Routine 200 SC 
per season in a programmed approach to disease 
control. For safety to crop the minimum interval for 
re-application of Routine 200 SC to each banana 
crop is 8 weeks. When using Routine 200 SC a low 
level of superficial leaf bronzing may develop in older 
leaves which are exposed to multiple applications of 
Routine 200 SC. Do not apply Routine 200 SC unless 
the banana bunches are bagged. Do not apply Routine 
200 SC to a banana plant crop until the uniform 8 leaf 
stage is reached. Do not apply to flooded banana 
crops where excessive pooling of water is present 
around banana plants.  

For optimum disease control, maintain thorough de-
leafing practices, in accordance with industry 
guidelines, to reduce disease inoculum. Old leaves, 
leaves with advanced lesions, and infected parts of the 
leaf should be removed prior to the application of 
Routine 200 SC. 

*Water miscible mineral crop oil 

Under conditions favourable to disease development 
such as prolonged periods of warm temperatures and 
high humidity, the use with a high quality water 
miscible mineral crop oil at 3.5 L/ha is required. 
Without the addition of a high quality water miscible 
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NOT TO BE USED FOR ANY PURPOSE OR IN ANY MANNER CONTRARY TO THIS LABEL UNLESS 
AUTHORISED UNDER APPROPRIATE LEGISLATION 

WITHHOLDING PERIOD (WHP) 

Harvest (H) 

Bananas: NOT REQUIRED WHEN USED AS DIRECTED 

EXPORT OF TREATED PRODUCE 

Growers should note that suitable MRLs or import tolerances may not exist in all markets for produce treated 
with Routine 200 SC. If you are growing produce for export, please check with Bayer CropScience Pty Ltd 
for the latest information on MRLs and import tolerances and for advice on any potential trade issues and 
their management. 

GENERAL INSTRUCTIONS 

Mixing 

Prior to opening, shake or agitate the container vigorously, then add the required quantity of Routine 200 SC 
to water in the tank while stirring or with agitators in motion. Maintain agitation until spraying is complete. Use 
spray mixture immediately after preparation, do not allow it to stand. 

Application 

Ground application 

Apply in sufficient water, using suitable application parameters (nozzles, pressure, speed, etc.) to ensure 
thorough and even coverage of the target area, as both are essential. 

Aerial application 

Apply at least 20 L of spray mixture per hectare for aerial application. Use suitable application parameters 
(nozzles, pressure, speed, etc.) to deliver a spray quality not smaller than a MEDIUM spray droplet size 
category. 

mineral crop oil, suppression only of the disease may 
result. 

Resistance management 

This use may be subject to a CropLife resistance 
management strategy. 
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Cleaning Up 

Equipment should be thoroughly cleaned by rinsing with water several times. 

COMPATIBILITY 

For information on the compatibility of Routine 200 SC with other products, contact your local retailer or 
Bayer Crop Science representative. 

FUNGICIDE RESISTANCE WARNING GROUP P03 FUNGICIDE 

Routine 200 SC Fungicide is a member of the host plant defence induction, thiadiazole-carboxyamide group 
of fungicides. For fungicide resistance management Routine 200 SC is a Group P03 fungicide. Some 
naturally occurring individual fungi resistant to Routine 200 SC and other Group P fungicides may exist 
through normal genetic variability in any fungal population. The resistant individuals can eventually dominate 
the fungal population if these fungicides are used repeatedly. These resistant fungi will not be controlled by 
Routine 200 SC and other Group P03 fungicides, thus resulting in a reduction in efficacy and possible yield 
loss. Since the occurrence of resistant fungi is difficult to detect prior to use, Bayer CropScience Pty Ltd 
accepts no liability for any losses that may result from the failure of Routine 200 SC to control resistant fungi. 

Routine 200 SC may be subject to specific resistance management strategies. For further information 
contact your local supplier, Bayer Crop Science representative, local agricultural department agronomist or 
refer to the CropLife Australia website. 

PRECAUTION 

Re-entry/Re-handling statement 

Do not allow entry into treated areas until spray has dried. If 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. 

PROTECTION OF WILDLIFE, FISH, CRUSTACEANS AND ENVIRONMENT 

Toxic to aquatic life. DO NOT contaminate wetlands or watercourses with this product or used containers. 

STORAGE AND DISPOSAL 

Store in the closed, original container in a cool, well-ventilated area. Do not store for prolonged periods in 
direct sunlight. 

(All containers excluding SCHUTZ/re-useable/ returnable containers) 

Triple-rinse container 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 deliver empty container to an approved waste management facility. If 
an approved facility is not available, bury the empty container 500 mm below the surface in a disposal pit 
specifically marked and set up for this purpose, clear of waterways, desirable vegetation and tree roots, in 
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compliance with relevant Local, State or Territory government regulations. Do not burn empty containers or 
product. Do not re-use empty container for any other purpose. 

(SCHUTZ/re-useable/returnable containers) 

If tamper evident seals are broken prior to initial use, then the integrity of the contents cannot be assured. 
Empty container by pumping through the dry-break connection system. Do not attempt to unscrew the valve 
or breach the locked filling point. Do not contaminate the container with water or other foreign material. 
Ensure that the coupler, pump, meter and hoses are disconnected, triple rinsed with clean water and drained 
after each use. Contact point of purchase to arrange return or collection of empty containers. This container 
remains the property of Bayer CropScience Pty Ltd. 

SAFETY DIRECTIONS 

Repeated exposure may cause allergic disorders. When opening the container and preparing spray and 
using the prepared spray, wear cotton overalls buttoned to the neck and wrist (or equivalent clothing) and 
elbow-length chemical resistant gloves. Wash hands after use. After each day’s use wash gloves and 
contaminated clothing. 

FIRST AID 

If poisoning occurs, contact a doctor or Poisons Information Centre. Phone Australia 13 11 26. 

SAFETY DATA SHEET 

Additional information is listed in the Safety Data Sheet, which can be obtained from 
www.crop.bayer.com.au. 

EXCLUSION OF LIABILITY 

This product must be used strictly as directed, and in accordance with all instructions appearing on the label 
and in other reference material. So far as it is lawfully able to do so, Bayer CropScience Pty Ltd accepts no 
liability or responsibility for loss or damage arising from failure to follow such directions and instructions. 

Routine® is a Registered Trademark of the Bayer Group. 
 
APVMA Approval No. 89995/126973 

FOR 24 HOUR SPECIALIST ADVICE 
IN EMERGENCY ONLY 
 PHONE 1800 033 111 
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Acronyms and abbreviations 

Shortened term Full term 

a.c. Active constituent 

ADI Acceptable daily intake (for humans) 

a.i. Active ingredient 

ARfD Acute reference dose 

bw Bodyweight 

d Day 

DASF Days after soil flooding 

DT50 Time taken for 50% of the concentration to dissipate 

EA Environment Australia 

EbC50 Concentration at which the biomass of 50% of the test population is impacted 

EC50 Concentration at which 50% of the test population are immobilised 

EEC Estimated environmental concentration 

ErC50 Concentration at which the rate of growth of 50% of the test population is impacted 

EUP End use product 

F0 Original parent generation 

g Gram 

GAP Good agricultural practice 

GCP Good clinical practice 

GLP Good laboratory practice 

GVP Good veterinary practice 

h Hour 

ha Hectare 

id Intradermal 

im Intramuscular 

ip Intraperitoneal 
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Shortened term Full term 

IPM Integrated pest management 

iv Intravenous 

in vitro Outside the living body and in an artificial environment 

in vivo Inside the living body of a plant or animal 

kg Kilogram 

KOC Organic carbon partitioning coefficient 

L Litre 

LC50 Concentration that kills 50% of the test population of organisms 

LD50 Dosage of chemical that kills 50% of the test population of organisms 

LOD Limit of detection – level at which residues can be detected 

Log KOW Log to base 10 of octanol water partitioning co-efficient, synonym pow 

LOQ Limit of quantitation – level at which residues can be quantified 

mg Milligram 

mL Millilitre 

MRL Maximum residue limit 

SDS Safety data sheet 

NEDI National Estimated Daily Intake 

NESTI National Estimated Short Term Intake 

ng Nanogram 

NOEC/NOEL No observable effect concentration level 

NOAEL No observed adverse effect level 

OC Organic carbon 

OM  Organic matter 

po Oral 

ppb Parts per billion 

PPE Personal protective equipment 

ppm Parts per million 



 Acronyms and abbreviations 41 

Shortened term Full term 

Q-value Quotient-value 

RBC Red blood cell count 

REI Re-entry interval 

s Second 

sc Subcutaneous 

SC Suspension concentrate 

SFO Simple first-order 

SUSMP Standard for the Uniform Scheduling of Medicines and Poisons 

TGAC Technical grade active constituent 

TRR Total radioactive residues 

µg Microgram 

vmd Volume median diameter 

WHP Withholding period 
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Glossary 

Term Description 

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 Of long duration 

Codex MRL  Internationally published standard maximum residue limit 

Desorption Removal of a material from or through a surface 

Efficacy Production of the desired effect 

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

Genotoxicity The ability to damage genetic material 

Hydrophobic Repels water 

Leaching Removal of a compound by use of a solvent 

Metabolism The chemical processes that maintain living organisms 

Photodegradation Breakdown of chemicals due to the action of light 

Photolysis Breakdown of chemicals due to the action of light 

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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