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Executive summary

The Australian and New Zealand Guideline for Fresh and Marine Water Quality, also referred to as
the National Water Quality Guidelines (ANZECC and ARMCANZ 2000), provides toxicity-based
default guideline values (formerly referred to as a trigger values) for numerous inorganic and organic
chemicals of environmental concern, including guideline values for fifty individual pesticides. This
number falls well short of the total number of pesticides used in Australia and under-represents many
of the pesticides currently used in Great Barrier Reef catchments. The National Water Quality
Guidelines are currently being revised as part of the National Water Quality Management Strategy
(NWQMS).

Under several different funding arrangements, the Queensland Government Department of Science,
Information Technology and Innovation (DSITI) have been engaged in the derivation of new or
revised aquatic ecosystem protection guideline values for 27 pesticides commonly detected in the
Great Barrier Reef catchments. All aquatic ecosystem protection guideline values have been derived
using the revised method for deriving water quality guidelines for toxicants (Warne et al. 2015). In
Australia, water quality guideline values are preferably derived using a species sensitivity distribution
(SSD) approach. The intent is that all these aquatic ecosystem protection guideline values are
ultimately endorsed as National default guideline values. Until such time that they have received
endorsement by the Standing Committee for the Revision of the National Guidelines, these derived
guideline values will be termed as proposed aquatic ecosystem protection guideline values. In the
interest of brevity, in this report they are also referred to as Proposed Guideline Values (PGV).

This report is the second part of a two-part series that presents the Proposed Guideline Values for
27 pesticides commonly detected in both, freshwater catchments and marine waters of the Great
Barrier Reef. The Proposed Guideline Values have been split across the two separate reports
depending on the funding arrangements under which they were derived. The Proposed Guideline
Values for 13 pesticides presented in Part 1 (King et al. 2017) were selected based on the priorities
of Commonwealth and State government departments and stakeholders, and are currently being
reviewed for endorsement as National guideline values. The 14 pesticides included in Part 2 (this
report) are also detected regularly in catchments discharging to the GBR lagoon (Wallace et al.
2016). Currently, there are either no, or only low reliability National guideline values in existence for
these pesticides. As part of a project funded by the Queensland Department of Environment and
Heritage Protection, the Queensland Department of Science, Information Technology and Innovation
has derived Proposed Guideline Values for fresh and marine ecosystems for these 14 pesticides.

The 14 pesticides presented in Part 2 (this report), constitute a suite of chemicals for which there
are comparatively few toxicity data. As a consequence, several of the Proposed Guideline Values
presented in this report are categorised as being of low reliability (Warne et al. 2015). It is anticipated
that some of the Proposed Guideline Values presented here will change when more toxicity data
become available. Hence, the adoption of the Proposed Guideline Values as part of a risk
assessment process needs to take into consideration the reliability rating and the pending availability
of new data.




Background

Pesticides in the Great Barrier Reef

Pesticides pose a risk to freshwater ecosystems as well as inshore and coastal ecosystems of the
Great Barrier Reef (GBR) (Waterhouse et al. 2017). Pesticides in the aquatic environment can cause
direct and indirect effects that reduce the resilience of aquatic ecosystems to other stressors. Diffuse
sources of pollution from agriculture are the largest contributors of pesticides to the GBR, and include
cattle grazing and sugarcane cultivation as the dominant modified land uses (Brodie et al. 2013).

In an effort to protect the health and resilience of the GBR from poor water quality, the Reef Water
Quiality Protection Plan (Reef Plan) was established in 2003 in a joint collaboration by the Australian
and Queensland governments (DPC 2013). In 2009, following the release of the Scientific
Consensus Statement (Brodie et al. 2008), a comprehensive update of Reef Plan was undertaken.
This addressed the elevated levels of pollutants leaving catchments adjacent to the GBR and
entering the Reef, with a clear goal® and specific targets for reducing sediment, nutrient and pesticide
loads (DPC 2013). The Reef Plan has since been updated in 2013 with the next version released in
2017.

The targets for pesticide reduction originally focused on the loads of five photosystem Il herbicides.
Since that time, water quality monitoring, by the Great Barrier Reef Catchment Loads Monitoring
Program and the Marine Monitoring Program (as part of the Paddock to Reef Integrated Monitoring,
Modelling and Reporting Program), has demonstrated that there are many different pesticides
present in the catchments and the GBR lagoon (Wallace et al. 2016). Indeed, 56 pesticide residues
(including seven herbicide metabolites) have been detected in the adjacent catchments, estuaries
and wetlands and the GBR lagoon since 2009 (Devlin et al. 2015; Wallace et al. 2016).

In 2017, the Reef Plan pesticide targets will be re-evaluated to align closer with the National
(ANZECC and ARMCANZ 2000), State (e.g. DEHP 2009) and GBR (e.g. GBRMPA 2010) water
guality guidelines (WQG). In addition, regional Water Quality Improvement Plans prepared for GBR
catchments, in alignment with the requirements of the Environmental Protection (Water) Policy 2009,
rely on aquatic ecosystem protection guideline values to assess the potential hazard of pesticide
contaminants in freshwater and estuarine ecosystems, and to set water quality objectives.
Unfortunately, for the majority of the pesticides detected there are currently either, no guideline
values (GV) available, or existing values are of low reliability (i.e. they were derived from ecotoxicity
data using a limited number of species and taxanomic groups).

Water Quality Guidelines

Water quality guidelines (WQGSs) are available at a National (ANZECC and ARMCANZ 2000), State
(e.g. DEHP 2009) and regional (e.g. GBRMPA 2010) level. Water quality guidelines report Default
Guideline Values (also referred to as criteria, standards, objectives, environmental protection
guideline values or environmental thresholds in other jurisdictions) for toxicants. These being the
scientific estimate of the maximum concentration of chemicals that can be present in aquatic
ecosystems and still be considered as a low risk to the species within the ecosystem. The preferred

1 Ensure that by 2020 the quality of water entering the reef from broadscale land use has no detrimental impact on the
health and resilience of the Great Barrier Reef (DPC 2013).




method for deriving GVs for ecosystem protection (as opposed to GVs for drinking water or other
environmental values) is through the use of species sensitivity distributions (SSD). These are
cumulative frequency plots that facilitate an estimation of the concentrations at which toxic effects
first occur in aquatic species that are representative of aquatic ecosystems. From SSDs, the
percentage of species that are likely to be affected by a given concentration of a pesticide can be
determined. The National WQGs (ANZECC and ARMCANZ 2000) provide four levels of
environmental protection that should theoretically protect 99, 95, 90 and 80 per cent of species. The
concentrations corresponding to these levels of protection are termed the PC99, PC95, PC90 and
PC80, which are equivalent to the concentrations harmful to 1% (HC1), 5% (HC5), 10% (HC10) and
20% (HC20) of species in an ecosystem, respectively. The Queensland and GBR Marine Park adopt
a similar approach for setting ecosystem protection levels (DEHP 2009; GBRMPA 2010).

The current National WQGs (ANZECC and ARMCANZ 2000) include freshwater and marine GVs?
for 17 of the 49 pesticides detected in GBR catchments and lagoon in the last six years (Devlin et
al. 2015), of which 10 are categorised as being of low reliability. The WQGs for the GBR Marine Park
(GBRMPA 2010) report marine GVs for 11 pesticides - five of which are also categorised as being
of low reliability. The Queensland WQGs (DEHP 2009) do not provide GVs for pesticides and defer
to the National WQGs (ANZECC and ARMCANZ 2000) for freshwater and estuarine ecosystems
and GBRMPA (2010) for waters in the marine zone and enclosed coastal waters.

The National WQGs (ANZECC and ARMCANZ 2000) are now under revision as part of the larger
revision of the National Water Quality Management Strategy (NWQMS). One of the aims of the
revision is to derive GVs for over 30 chemicals, including at least 18 pesticides. The revision also
includes an update of the method for deriving GVs for chemicals. Most of the key principles for
deriving GVs described in ANZECC and ARMCANZ (2000) and in Warne (2001) have been retained.
However, significant improvements have been made in the derivation method in order to
accommodate the most recent advances in ecotoxicology (Batley et al. 2014; Warne et al. 2015).
The preferred method for GV derivation continues to be based on the use of SSDs of chronic toxicity
data.

Scope of Report

This report is the second part of a two-part series that presents the PGVs for pesticides commonly
detected in the GBR catchments. In total, PGVs for 27 pesticides were derived under different
funding arrangements. The pesticide PGVs presented in each part have been grouped according to
the source of funding. For all 27 pesticides, PGVs were derived for both freshwater and marine
organisms (except where indicated below). These PGVs include 95% confidence intervals (95% CI)
which are an indication of the level of certainty around the guideline.

Part 1 of the two-part series (King et al. 2017) presents the freshwater and/or marine PGVs for a
total of 13 pesticides. These include; (i) PGVs for glyphosate (freshwater only), metolachlor
(freshwater only), metsulfuron-methyl (freshwater only) and simazine that were funded through the
Australian Department of Environment (DoE) and the Commonwealth Scientific and Industrial
Research Organisation (CSIRO) for the revision of the Australian and New Zealand Guidelines for
Fresh and Marine Water Quality, (i) PGVs for ametryn, diuron, hexazinone, imidacloprid and
tebuthiuron that were funded through the Queensland Department of Science, Information

2 Guideline values are referredtoas 6t r i gger values6 in ANZECC and ARMCANZ (2000
6guideline valued will replace O6trigger valued6 in the revisi




Technology and Innovation (DSITI), and lastly, (iii) PGVs for 2,4-D (marine only), imazapic,
isoxaflutole and metribuzin that were funded through the National Environmental Research
Programme (NERP).

This report, Part 2 of the two-part series presents the freshwater and/or marine PGVs for a further
14 pesticides that are commonly detected in the GBR catchments. These include; bromacil,
chlorothalonil, fipronil (marine only), fluometuron, fluroxypyr, haloxyfop, MCPA (marine only),
pendimethalin, prometryn, propazine, propiconazole, terbutryn, triclopyr, terbuthylazine, that were
funded through the Queensland Department of Environment and Heritage Protection (DEHP).
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Glossary, acronyms, abbreviations

Acute toxicity

An adverse effect that occurs as the result of a short-term exposure tg
a chemical relative totheor gani smdés | i fe spa
(2015) for examples of acute exposures.

ANZECC

Australian and New Zealand Environment and Conservation Council.

ARMCANZ

Agricultural and Resource Management Council of Australia and New
Zealand.

Bimodal

When the distribution of the sensitivity of species to a toxicant has two
modes. This typically occurs with chemicals with specific modes of
action. For example, herbicides are designed to affect plants at low
concentrations but most animals are only affected at high
concentrations.

CAS no.

Chemical Abstracts Service nhumber. Each chemical has a unique
identifying number that is allocated to it by the American Chemical
Society.

Chronic toxicity

An adverse effect that occurs as the result of exposure to a chemical
for a substantial portion of th
lethal effect on a sensitive early life stage. Refer to Warne et al. (2015)
for examples of chronic exposures.

EC50 (Median effective
concentration) / IC50
(Median inhibition
concentration)

The concentration of a chemical in water that is estimated to produce
a 50% effect on a sub-lethal endpoint. The EC50/IC50 is usually
expressed as a time-dependent value (e.g. 24-hour or 96-hour
EC50/IC50).

ECx

The concentration of a chemical in water that is estimated to produce
an x% effect on a sub-lethal endpoint. The magnitude of x can vary
from 1 to 100, however values between 5 and 50 are more typical.
The ECx is usually expressed as a time-dependent value (e.g. 24-
hour or 96-hour ECXx).

Endpoint

A measurable biological effect including, but not limited to, lethality,
immobility, growth inhibition, immunological responses, organ effects,
developmental and reproductive effects, behavioural effects,
biochemical changes, genotoxicity, etc.

Guideline value (GV)

A measurable quantity (e.g. concentration) or condition of an indicator
for a specific environmental value below which (or above which, in the
case of stressors such as pH, dissolved oxygen and many biodiversity
responses) there is considered to be a low risk of unacceptable
effects occurring to that environmental value. Guideline values for
more than one indicator should be used simultaneously in a multiple
lines of evidence approach.
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LC50 (Median lethal
concentration)

The concentration of a chemical in water that is estimated to kill 50%
of the test organisms. The LC50 is usually expressed as a time-
dependent value (e.g. 24-hour or 96-hour LC50).

LOEC (Lowest
observed effect
concentration) / LOEL
(Lowest observed
effect level)

The lowest concentration of a chemical used in a toxicity test that has
a statistically significant (p
population of test organisms compared to the controls. All higher
concentrations should also cause statistically significant effects.

Mode of action

The means by which a chemical exerts its toxic effects. For example,
triazine herbicides inhibit the photosystem Il component of plants
photosynthesis biochemical reaction.

NOEC (No observed
effect concentration) /
NOEL (No observed
effect level)

The highest concentration of a toxicant used in a toxicity test that does
not have a statistically significant (p>0.05) effect compared to the
controls. The statistical significance is measured at the 95%
confidence level.

Phototrophs

Organisms that photosynthesize as their main means of obtaining
energy e.g. plants and algae.

Proposed aquatic
ecosystem protection
guideline value (PGV)

A guideline value recommended for generic application in the
absence of a more specific guideline value (e.g. site-specific). This
term applies to those guideline values that have yet to be endorsed
for inclusion in the Australian and New Zealand Water Quality
Guidelines.

PSilI

Photosystem Il of the photosynthetic biochemical pathway.

Racemic mixture

A mixture containing two enantiomers (mirror image forms of a
chemical) of a single chemical. For metolachlor the racemic mixture
contains the r- and s-enantiomers of metolachlor.

Site-specific

Relating to something that is confined to, or valid for, a particular
place. Site-specific trigger values are relevant to the location or
conditions that are the focus of a given assessment.

Species

A group of organisms that resemble each other to a greater degree
than members of other groups and that form a reproductively isolated
group that will not produce viable offspring if bred with members of
another group.

SSD

Species sensitivity distribution. A method that plots the cumulative
frequency of species sensitivity and fits the best possible statistical
distribution to the data. From the distribution the concentration that
should theoretically protect a selected percentage of species can be
determined.

Toxicity

The inherent potential or capacity of a material to cause adverse
effects in a living organism.
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Toxicity test

The means by which the toxicity of a chemical or other test material
is determined. A toxicity test is used to measure the degree of
response produced by exposure to a concentration of chemical.
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Summary of the data selection approach

The order of preference that was used to select ecotoxicity data to derive proposed aquatic
ecosystem protection guideline values (PGVs) for individual pesticides is as follows;

Freshwater / Marine

Dataset \

Bi-/multi-modal* Unimodal

Enough Chronic EC10/NOECs data to /

meet minimum data requirements
(i.e. at least five species belonging to
at least four phyla)?

De_rive % NO
PGVs

Combine Chronic EC10/NOECs with
Chronic estimated EC10/NOECs data.
Does data meet minimum data
requirements?

: YES
Derive
o /l NO

Combine Chronic EC10/NOECs and
Chronic estimated EC10/NOECs
with Converted acute data. Does data
meet minimum data requirements?

Derive YES
PGVs NO

Begin adding [opposite media] data® —in order of
preference; 1. Chronic EC10/NOECs, 2. Chronic
estimated EC10/NOECs, 3. Converted acute. Does
data meet minimum data requirements?

. YES
Derive
le\rs ¢/l NO

Cannot use SSD method. Use Assessment Factor (AF) method.

Chronic EC10/NOEC data = no conversions applied; Chronic estimated EC10/NOEC data = chronic LOEC and EC50
toxicity data that had been converted to estimates of chronic NOEC by dividing by 2.5 and 5, respectively; Converted
acute = acute LC50 toxicity data that had been converted toestimates of chronic NOEC by dividing by 10 (Warne et al.
2015).

* If the dataset is statistically bi-/multi-modal, only use the most sensitive taxonomic subgroup for PGV derivation (Warne
et al. 2015). For example, when calculating PGVs for a herbicide, the dataset may have a bimodal distribution with
phototrophic species being more sensitive than non-phototrophic species. Therefore, only data for phototrophic species
would be used to derivePGVs.

#1f there is evidence indicating that there is no difference between the sensitivity of freshwater and marine taxa (e.g.
chemical, physiological or statistical evidence) then it is acceptable to bring in marine data (to a freshwater dataset) or
freshwater data (into a marine dataset) to meet minimum data requirements (Warne et al. 2015).
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Bromacil

1.1 Introduction

Bromacil (CoH13BrN2O and Figure 1) at room temperature is in the form of a white to tan crystalline
solid. It is the active ingredient of a variety of commercial herbicide formulations.

H
CHaN._0
Y
N\

Br CHCH,CH,4
O I

CHs
Figure 1 Structure of bromacil.

Physicochemical properties of bromacil that may affect its environmental fate and toxicity are
presented in Table 1.

Table 1 Summary of selected physicochemical properties of bromacil.

Molecular weight 261.1 amu*

807 mg/L @ pH 5 and temperature 25 °C*
Aqueous solubility 700 mg/L @ pH7 and temperature 25 °C*
1287 mg/L @ pH 9 and temperature 25 °C*

) = o 1.88 @ pH 5!
Logarithm of the octanol-water partition coefficient (log Kow) 1.88 @ pH 7 and temperature 20 °C?

Logarithm of the organic carbon water partition coefficient (log Koc) = 1.512
Logarithm of the bioconcentration factor (log BCF) 0.45?

Stable except under strongly acidic conditions and elevated
Half-life (ty.) in water temperatures®
Stable @ pH 7 and temperature 20 °C?

Half-life (t.2) in soil Average 60 days?
1BCPC (2012)2 Pesticide Properties Database (Uwersity of Hertfordshire 2013).

Bromacil belongs to the uracil group of herbicides, which also includes benzfendizone and terbacil.
Bromacil is extensively used in agricultural, industrial and urban situations to control a wide variety
of annual and perennial weeds, grasses and brushes i selectively in citrus and pineapple plantations
and non-selectively on non-crop areas such as roadsides, rights-of-way, railways and pavements
(BCPC 2012; University of Hertfordshire 2013). However, it does not have regulatory approval to be
used within the European Union (University of Hertfordshire 2013).

Bromacil is generally absorbed through the roots of plants, with slight absorption through leaves and
stems. Bromacil exerts its toxicity in aquatic plants (including aquatic macrophytes and algae) by
inhibiting electron transport in the photosystem Il (PSIl) complex (University of Hertfordshire 2013),
a key process in photosynthesis that occurs in the thylakoid membranes of chloroplasts. Uracil
herbicides bind to the plastoquinone B (Qg) protein binding site on the D1 protein in PSIl. This
prevents the transport of electrons to synthesise adenosine triphosphate (ATP, used for cellular
metabolism) and nicotinamide adenine dinucleotide phosphate (NADPH, used in converting CO; to
glucose), and therefore, prevents CO- fixation (Wilson et al. 2000).
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In addition to its main mode of action, exposure to PSII inhibiting herbicides can lead to marked
increases in the formation of reactive oxygen species (ROS), including the synthesis of singlet
oxygen (OH), superoxide (O2) and hydrogen peroxide (H202) (Halliwell 1991). Reactive oxygen
species are highly reactive forms of oxygen that readily react with, and bind to, biomolecules
including deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). Reactive oxygen species are
created during normal cellular functioning particularly in biochemical processes that involve the
generation of energy (e.g. photosynthesis in chloroplasts and the Krebs cycle in the mitochondria of
cells). In phototrophs, ROS are formed when the absorbed light energy exceeds the ability to convert
CO; to organic molecules, thus accumulating oxygen (Chen et al. 2012). Normal concentrations of
ROS are involved in a number of cellular processes (Chen et al. 2012). However, prolonged
exposure to elevated concentrations of ROS in plants, as a result of biotic (e.g. disease) and/or
abiotic stressors (e.g. PSII inhibiting herbicides), can cause irreversible cell damage and ultimately
lead to cell death (apoptosis).

Bromacil is a broad-spectrum, systemic herbicide that may ultimately end up in aquatic ecosystems
as a result of spray drift and surface run-off (USEPA 1996). Bromacil has a moderate capacity to
leach to groundwater due to its weak soil sorption ability as indicated by its low log Ko value and
relatively high solubility in water (Table 1). Bromacil is relatively persistent in water (Table 1) being
stable at a pH of 7 and a temperature of 20 °C, only being hydrolysed by acids and elevated
temperatures (BCPC 2012; University of Hertfordshire 2013).

1.2 Freshwater

1.2.1 Aquatic toxicology

To identify species that were regionally relevant to Australia and New Zealand ecosystems, a search
of Algaebase (Guiry and Guiry 2017), Atlas of Living Australia (ALA 2017), Catalogue of Life (Roskov
et al. 2017), Integrated Taxonomic Information System (ITIS 2017) and the World Register of Marine
Species (WoRMS 2017) was conducted. The dataset used in the guideline derivation process for
bromacil in freshwaters (Table 3) includes toxicity data for two freshwater species that either
originated from or are distributed within Australia and/or New Zealand. A summary of the high and
moderate quality raw toxicity data for all freshwater species that passed the screening and quality
assurance processes are provided below.

Freshwater Chronic

There were freshwater chronic toxicity data for two fish, one cladoceran, two macrophytes and three
microalgae. The toxicity values for the fish species were two 64-day NOEC (mortality) values of
29,000 and 29,100 ug/L, 64-day NOEC (wet weight, length) values of 500 pg/L, 64-day LOEC (wet
weight, length, standard length) values ranging from 1,000 to 1,060 pg/L and 90-day NOEL and
LOEC (mortality) values of 3,000 and 7,200 pg/L, respectively. The toxicity values for the single
cladoceran consisted of 21-day NOEL and LOEC (body length, dry weight) values of 8,200 and
21,000 pg/L, respectively. The toxicity values for the two macrophytes were 13-day NOEC (fresh
weight, new leaf production biomass, length increase of leaves) values ranging from 20 to 36 pg/L,
13-day LOAEC (fresh weight, new leaf production biomass, length increase of leaves) values ranging
from 36 to 54 pg/L, 13-day EC50 (fresh weight, new leaf production biomass, length increase of
leaves) values ranging from 32 to 43 pg/L and 14-day NOEL and EC50 (frond number, dry weight,
frond area) values of 17 and 45 ug/L, respectively. The toxicity values for the microalgae species
were 72-hour NOEC and EC50 (cell density) values of 45 and 97 ug/L, respectively, 5-day NOEL
and EC50 (biomass yield, growth rate and AUC) values ranging from 1.1 to 11.2 pg/L and 6.8 to
69.9 ug/L, respectively.
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Freshwater Acute

There were freshwater acute toxicity data for four fish, one crustacean, one cladoceran and one
microalga. The toxicity values for the fish species were a 24-hour LC50 (mortality) value of
185,000 pg/L, 48-hour LC50 (mortality) values ranging from 71,000 to 183,000 pg/L, two 96-hour
NOEL (mortality) values of 71,000 and 16,900, 96-hour EC50/LC50 (mortality, immobilisation)
values ranging from 36,000 to 186,000 pg/L, 5-day NOEC (hatchability, mortality, abnormal
development, number of hatched embryos) values ranging from 12,000 to 29,100 pg/L, 5-day LOEC
(abnormal development) value of 29,100 ug/L and a 168-hour LC50 (mortality) value of
167,000 pg/L. The single toxicity value for the crustacean was a 24-hour LC50 (mortality) value of
71,160 pg/L. The toxicity values for the single cladoceran consisted of 48-hour NOEL and EC50
(body length, dry weight) values of 83,000 and 121,000 ug/L, respectively. The single toxicity value
for the microalga was a 24-hour NOEC (cell density) value of 24 ug/L. As stated in Warne et al.
(2015), acute EC10/NOEC and LOEC values should not be converted to chronic ECL0/NOEC values
and have not been used to derive PGVs.

1.2.2 Factors affecting toxicity

No factors have been reported as modifying the toxicity of bromacil. As with many organic chemicals
it might be expected that dissolved and particulate organic matter and suspended solids would affect
its bioavailability and toxicity. However, any such effect would be relatively minor given the relatively
low log Koc value of bromacil (Table 1).

1.2.3 Guideline derivation

The derived PGVs for bromacil in freshwaters are provided in Table 2. Details of how the PGVs were
calculated and the toxicity data that were used are provided below. As with all the other pesticides
that have PGVs, the PGVs for bromacil are expressed in terms of the concentration of the active
ingredient.

Measured log BCF values for bromacil are low (Table 1) and below the threshold at which secondary
poisoning must be considered (i.e. threshold log BCF = 4, Warne et al. 2015). Therefore, the PGVs
for bromacil do not need to account for secondary poisoning.
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Table 2 Proposed aquatic ecosystem protection guideline values (ug/L) for bromacil
for the protection of freshwater ecosystems.

Bromacil proposed aquatic ecosystem

protection guideline values Reliability classification?

(freshwater)*
Species Concentration (ug/L) o
protection (95% Cl) Criterion Result
99% 1.6 Sample size 5
(0.417 10)
3.6 - .
95% - Type of toxicity data Chronic NOEC/NOEL values
(1.37 14)
90% 52 SSD model fit Poor
(1.97 15)
80% 7 Reliability Low
(2.87 19)
! Proposed aquatic ecosystem protection guideline valuesere derived using the Burrlioz 2.0 (2016) softwaré.See Warne et
al. (2015) for definitions ofproposed aquatic ecosystem protection guideline valuésr el i abi | i t y 0.

124 Toxicity data used in derivation

The previous Australian and New Zealand GV (formerly referred to as a trigger value) for bromacil
in freshwater environments was a low reliability value (using the ANZECC and ARMCANZ 2000
reliability scheme) as it was based on one acute toxicity value for a fish species (Warne 2001). This
trigger value was calculated using the assessment factor (AF) method, dividing the lowest acute
toxicity value of 182,000 pg/L by an assessment factor of 1000 (Warne 2001). Under the new method
for deriving PGVs (Warneetal . 2015) this trigger value woul
reliability.

To obtain toxicity data for bromacil to freshwater organisms, an extensive search of the scientific
literature was conducted. In addition, the databases of the USEPA ECOTOX (USEPA 2015a), Office
of the Pesticide Program (USEPA 2015b), the Australasian Ecotoxicology Database (Warne et al.
1998) and the ANZECC and ARMCANZ (2000) toxicant databases (Sunderam et al. 2000) were
searched. More data on bromacil toxicity are now available, including data for phototrophic species
(species that photosynthesise, e.g. plants and algae) but the reliability remains low, using the
scheme of Warne et al. (2015). Further chronic toxicity testing of bromacil with additional
phototrophic freshwater species would result in a larger database to enable the calculation of
moderate to high reliability PGVs.

In total, there were toxicity data for 10 freshwater species (six phyla and six classes) that passed the
screening and quality assessment processes. The represented phyla were Arthropoda,
Bacillariophyta, Chlorophyta, Chordata, Cyanobacteria and Tracheophyta. The six classes were
Actinopterygii (which accounts for approximately 99% of fish), Bacillariophyceae (diatoms; a major
grouping of algae), Branchiopoda (a grouping of crustaceans), Chlorophyceae (a major grouping of
freshwater green algae), Cyanophyceae (a class of cyanobacteria) and Liliopsida (monocots).

Based on the current understanding of the mode of action of bromacil, it would be expected that
phototrophic species would be more sensitive than non-phototrophic species. The bromacil
ecotoxicity data for phototrophs and heterotrophs were then tested using the parametric two-sample
t test to see if the toxic responses among different taxa were uni- or multi-modal. The t test indicated
that the two groups had significantly different (p <0.0001, see section 1.3.6) sensitivities. Therefore,
as recommended by Warne et al. (2015), only the ecotoxicity data for the more sensitive group of
organisms (in this case, phototrophs) were used in calculating the PGVs.
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There were freshwater chronic no observed effect concentration (NOEC) and no observed effect
level (NOEL) data for five phototrophic species (that belonged to four phyla and four classes) that
met the minimum data requirements (i.e. at least five species belonging to at least four phyla) to use
a SSD to derive a PGV (Warne et al. 2015). The number of species and taxa used to derive the
PGVs (Table 2) combined with the poor fit of the distribution to these toxicity data (Figure 2) resulted
in a low reliability set of PGVs. A summary of the toxicity data (one value per species) used to
calculate the PGVs for bromacil in freshwater environments is provided in Table 3.
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Table 3 Summary of the single toxicity value for each phototrophic species that was used to derive the proposed aquatic
ecosystem protection guideline values for bromacil in freshwaters. Data are arranged in alphabetical order of the test
species.

Taxonomic Duration TTERHIEiy
Species Phyla Class Life stage Type! Toxicity endpoint value Reference
group (CEVD)
(Hg/L)
. ) Chronic Biomass yield, growth rate, USEPA
Cyanobacteria  Anabaena flos-aquae Cyanobacteria | Cyanophyceae Not stated 5 NOEL AUC2 11.2 (2015b)
. e Chronic Total frond number, dry weight, USEPA
Macrophyte Lemna gibba Tracheophyta Liliopsida Not stated 14 NOEL frond area 17 (2015b)
) . . I I Chronic Biomass yield, growth rate, USEPA
*
Microalga Navicula pelliculosa Bacillariophyta = Bacillariophyceae Not stated 5 NOEL AUC? 3.39 (2015b)
Scenedesmus Exponential Chronic Call et al
Microalga subspicatus* Chlorophyta Chlorophyceae growth 3 NOEC Cell density 45 (1987)
phase
Chronic Wilson and
Macrophyte Vallisneria americana Tracheophyta Liliopsida Not stated 13 Fresh weight 20 Wilson
NOEC (2010)

1 Chronic NOEC/NOEL = no conversions appliedWarne et al. 2015).2 AUC = area under the growth curve.* Species that originated from/s distributed in Australia and/or New
Zealand.
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1.25 Species sensitivity distribution

The cumulative frequency (species sensitivity) distribution (SSD) of the five phototrophic freshwater
species that was used to derive the PGVs is presented in Figure 2.
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Figure 2 Cumulative frequency distribution generated using Burrlioz 2.0 (2016) of the sensitivity of chronic no observed
effect concentration (NOEC) and no observed effect level (NOEL) data values of freshwater phototrophic species to
bromacil. Black dashed lines indicate the 95% confidence intervals.
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1.3 Marine

1.3.1 Aquatic toxicology

To identify species that were regionally relevant to Australia and New Zealand ecosystems, a search
of Algaebase (Guiry and Guiry 2017), Atlas of Living Australia (ALA 2017), Catalogue of Life (Roskov
et al. 2017), Integrated Taxonomic Information System (ITIS 2017) and the World Register of Marine
Species (WoRMS 2017) was conducted. The dataset used in the guideline derivation process for
bromacil in marine waters (Table 5) includes toxicity data for four species (two marine and two
freshwater) that either originated from or are distributed within Australia and/or New Zealand. A
summary of the high and moderate quality raw toxicity data for all marine and freshwater species
that passed the screening and quality assurance processes are provided below and in section 1.2.1,
respectively.

Marine Chronic

There were marine chronic toxicity data for one macrophyte and one microalga. The single toxicity
value for the macrophyte was a 24-hour EC50 (germination inhibition) value of 6,880 pg/L. The
toxicity values for the single microalga species were 5-day NOEL and EC50 (biomass yield, growth
rate, AUC) values of 5.5 and 12.1 pg/L, respectively.

Marine Acute

There were marine acute toxicity data for one fish, two crustaceans and one mollusc. The toxicity
values for the fish were 96-hour NOEL and LC50 (mortality) values of 55,100 and 162,800 ug/L,
respectively. The toxicity values for the crustaceans were a 48-hour LC50 (mortality) value of
1,000 pg/L and 48-hour NOEL and LC50 (mortality) values of 67,000 and 112,900 pg/L. The single
toxicity value for the mollusc was a 48-day EC50 (mortality, abnormal development) value of
130,000 pg/L. As stated in Warne et al. (2015), acute EC10/NOEC and LOEC values should not be
converted to chronic EC10/NOEC values and have not been used to derive PGVs.

1.3.2 Factors affecting toxicity

No factors have been reported as modifying the toxicity of bromacil. As with many organic chemicals
it might be expected that dissolved and particulate organic matter and suspended solids would affect
its bioavailability and toxicity. However, any such effect would be relatively minor given the relatively
low log Koc value of bromacil (Table 1).

1.3.3 Guideline derivation

The derived PGVs for bromacil in marine waters are provided in Table 4. Details of how the PGVs
were calculated and the toxicity data that were used are provided below. As with all the other
pesticides that have PGVs, the PGVs for bromacil are expressed in terms of the concentration of the
active ingredient.

Measured log BCF values for bromacil are low (Table 1) and below the threshold at which secondary
poisoning must be considered (i.e. threshold log BCF = 4, Warne et al. 2015). Therefore, the PGVs
for bromacil do not need to account for secondary poisoning.

30



Table 4 Proposed aquatic ecosystem protection guideline values (ug/L) for bromacil
for the protection of marine ecosystems.

Bromacil proposed aquatic ecosystem L T
protection guideline values (marine)* REIELINAE R o el

Species Concentration (ug/L) o
protection (95% ClI) SHere RS
0.23 .
0,
99% (0.0307 4.2) Sample size 7

11 Chronic NOEC/NOEL and chronic estimated NOEC
95% > Type of toxicity data values
0.367 7.1) yp Y
' ' (freshwater and marine)

2.2

90% (0.981 10) SSD model fit Good
80% 4.8 Reliability Moderate
(2.57 15)
! Proposed aquatic ecosystem protection guideline valuesere derived using the Burrlioz 2.0 (2016) softwaré.See Warne et
al. (2015) for definitions ofroposed aquatic ecosystem protection guideline vald@er el i abi | i t y 0.

134 Toxicity data used in derivation

The previous Australian and New Zealand GV (formerly referred to as a trigger value) for bromacil
in marine environments was the adopted freshwater PGV, which was of low reliability (using the
ANZECC and ARMCANZ 2000 reliability scheme) as it was based on one acute toxicity value for a
fish species (Warne 2001). This trigger value was calculated using the assessment factor (AF)
method, dividing the lowest acute toxicity value of 182,000 ug/L by an assessment factor of 1,000
(Warne 2001). Under the new method for deriving PGVs (Warne et al. 2015) this trigger value would
be classified as rdliablityy ng an dunknownod

To obtain toxicity data for bromacil to freshwater organisms, an extensive search of the scientific
literature was conducted. In addition, the databases of the USEPA ECOTOX (USEPA 2015a), Office
of the Pesticide Program (USEPA 2015b), the Australasian Ecotoxicology Database (Warne et al.
1998) and the ANZECC and ARMCANZ (2000) toxicant databases (Sunderam et al. 2000) were
searched. There are now more bromacil toxicity data available that enable the calculation of PGVs
in marine waters. However it was only possible to derive PGVs by using ecotoxicity data for a mixture
of both marine and freshwater organisms. In order to derive higher reliability PGVs in the future that
are of greater relevance to marine ecosystems separately, it is recommended that additional chronic
toxicity tests of bromacil with marine phototrophic species (species that photosynthesise, e.g. plants
and algae) be conducted.

In total, there were toxicity data for seven marine species (five phyla and five classes) that passed
the screening and quality assessment processes. The represented phyla were Arthropoda,
Bacillariophyta, Chordata, Mollusca and Ochrophyta. The five classes were Actinopterygii (which
accounts for approximately 99% of fish), Bivalvia (a grouping of molluscs), Malacostraca (a large
grouping of crustaceans), Mediophyceae (an algae grouping) and Phaeophyceae (a grouping of
brown algae).

Based on the current understanding of the mode of action of bromacil, it would be expected that
phototrophic species would be more sensitive than non-phototrophic species. The bromacil
ecotoxicity data for phototrophs and heterotrophs were then tested using the parametric two-sample
t test to see if the toxic responses among different taxa were uni- or multi-modal. The t test indicated
that the two groups had significantly different (p <0.0001, see section 1.3.6) sensitivities. Therefore,
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as recommended by Warne et al. (2015), only the ecotoxicity data for the more sensitive group of
organisms (in this case, phototrophs) were used in calculating the PGVs.

There were marine chronic no observed effect level (NOEL) (n = 1) and chronic estimated NOEC
(chronic LOEC and ECS50 toxicity data that had been converted to estimates of chronic NOEC by
dividing by 2.5 and 5, respectively) (n = 1) data for only two phototrophic species, which did not meet
the minimum data requirements (i.e. at least five species belonging to at least four phyla) to use a
SSD to derive a PGV (Warne et al. 2015). As no other ecotoxicity data for bromacil to marine
phototrophic species was available, the chronic NOEL and chronic estimated NOEC values for
marine phototrophic species (see section 1.2) to derive PGVs for bromacil in marine waters. This
dataset included concentration data for seven phototrophic marine and freshwater species belonging
to five phyla and six classes which met the minimum data requirements to use a SSD to derive PGVs
(Warne et al. 2015). The number of species and taxa used to derive the PGVs (Table 4) combined
with the good fit of the distribution to these toxicity data (Figure 3) resulted in a moderate reliability
set of PGVs. The combination of freshwater and marine ecotoxicity data reduces the reliability
classification of PGVs as per Warne et al. (2015). A summary of the toxicity data (one value per
species) used to calculate the PGVs for bromacil in marine environments is provided in Table 5.
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Table 5 Summary of the single toxicity value for each phototrophic species that was used to derive the proposed aquatic
ecosystem protection guideline values for bromacil in marine waters. Data are arranged in alphabetical order of the test
species.

Taxonomic Duration s el
Media Species Phyla Class Life stage Type! Toxicity endpoint value Reference
group (CEVD)
(Hg/L)
. . . Biomass yield, growth USEPA
Fresh Cyanobacteria  Anabaena flos-aquae @ Cyanobacteria = Cyanophyceae Not stated 5 Chronic NOEL rate, AUC? 11.2 (2015b)
. . . Chronic est. T Seery et
*
Marine = Macrophyte Hormosira banksii Ochrophyta Phaeophyceae Gamete 2 NOEC Germination inhibition 1,376 al. (2006)
. . . Frond number, dry USEPA
Fresh Macrophyte Lemna gibba Tracheophyta Liliopsida Not stated 14 Chronic NOEL weight, frond area 17 (2015b)
. ) . I I . Biomass yield, growth USEPA
*
Fresh Microalga Navicula pelliculosa Bacillariophyta = Bacillariophyceae Not stated 5 Chronic NOEL rate, AUC? 3.39 (2015b)
Scenedesmus Exponential Schafer et
Fresh Microalga subspicatus* Chlorophyta Chlorophyceae growth 3 Chronic NOEC Cell density 45 al. (1994)
phase
. . Skeletonema I . . Biomass yield, growth USEPA
Marine = Microalga costatum® Bacillariophyta = Mediophyceae Not stated 5 Chronic NOEL rate, AUC? 5.5 (2015b)
Wilson
Fresh Macrophyte Vallisneria americana = Tracheophyta Liliopsida Not stated 13 Chronic NOEC Fresh weight 20 \%liion
(2010)

1 Chronic NOEC/NOEL = no conversions applied;Chronic est. NOEC =chronic LOEC and EC50 values that wereconverted to chronic NOEC values by dividing by 2.5 and 5,
respectively(Warne et al. 2015)? AUC = area under the growth curve.* Species that originated from/is distributedin Australia and/or New Zealand.




1.35 Species sensitivity distribution

The cumulative frequency (species sensitivity) distribution (SSD) of the seven phototrophic marine
and freshwater species that was used to derive the PGVs is presented in Figure 3.
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Figure 3 Cumulative frequency distribution generated using Burrlioz 2.0 (2016) of the sensitivity of chronic and chronic
estimated no observed effect concentration (NOEC), no observed effect level (NOEL) data values of marine and
freshwater phototrophic species to bromacil. Black dashed lines indicate the 95% confidence intervals.
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1.3.6 Distribution of sensitivities for aquatic species

The transformed ecotoxicity data for marine phototrophic species (n = 2) fell within the lower and
upper 95% confidence intervals [-0.691 and 5.03 In(ug/L), respectively] of the transformed
ecotoxicity data for freshwater phototrophic species (n = 6). On this basis, it was determined that
there was no difference in the sensitivities of freshwater and marine species for bromacil.

The toxicity data for bromacil to all freshwater and marine species that passed the screening and
quality assessment schemes were combined to create a larger dataset to determine the modality of
the data. All data that were not chronic NOEC or EC10 values were first converted to this type of
data using the methods recommended by Warne et al. (2015). A natural logarithmic (In)
transformation was then applied to normalise the data. Visual examination of the histogram of the
transformed data indicated that the distribution of the bromacil ecotoxicity data may be bimodal
(Figure 4).
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Figure 4 Histogram of the natural logarithm (In) of all bromacil (freshwater and marine) toxicity data for phototrophic and
non-phototrophic species (n = 18).

The bromacil ecotoxicity data for phototrophic and non-phototrophic species were tested to see if
they came from the same population. To test for significant differences (.,e.p-val ue O 0. 05) b
the two groups, the parametric two-sample t test was used because the transformed bromacil
concentration dat a had equal v a-Tdsta p ¢ €.862) (afdi falldwed & sorm#
distribution (Anderson-Darling; p = 0.376). Results from the two-sample t test indicated that the two
groups were significantly different (p <0.0001); therefore, it was concluded that the distribution of the
bromacil concentration data is bi- or multi-modal, with phototrophic species being the most sensitive

group.
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2 Chlorothalonil

2.1 Introduction

Chlorothalonil is a fungicide (CsClsN2 and Figure 5) that at room temperature is in the form of
colourless, odourless crystals with a slightly pungent odour. It is the active ingredient of a variety of
commercial fungicide formulations.

CN
Cl Cl

Cl CN
Cl

Figure 5 Structure of chlorothalonil.

Physicochemical properties of chlorothalonil that may affect its environmental fate and toxicity are
presented in Table 6.

Table 6 Summary of selected physicochemical properties of chlorothalonil.

Molecular weight 265.9 amu?

Aqueous solubility 0.81 mg/L @ temperature 207 25 °C*?
_ B » 2.92 @ temperature 25 °C*

Logarithm of the octanol-water partition coefficient (log Kow) 2.94 @ pH 7 and temperature 20 °C?

Logarithm of the organic carbon water partition coefficient (log 2.93i 3.85'2

Koc)

Logarithm of the bioconcentration factor (log BCF) 22

Thermally stable at ambient temperatures®
Half-life (ty.) in water Stable @ pH 5i 7 and ambient temperatures?
16i 38 days @ pH 9 and temperature 20i 22 °C?

0.37 21 days @ temperature 20i 24 °C*
Half-life (ti) in soil 22 days
(9.2i 44 days in the lab (20 °C) and in field, respectively)?

1BCPC (2012)2 Pesticide Properties Database (University of Hertfordshire 2013).

Chlorothalonil belongs to the aromatic group of fungicides, which also includes biphenyl, chloroneb
and hexachlorobenzene. Chlorothalonil is extensively used in agricultural situations for the control
of many fungal diseases in a variety of cereals, fruits and vegetables (e.g. wheat, pome fruit, stone
fruit, citrus, bush and cane fruit, cranberries, strawberries, maize, potatoes) and other crops (e.g.
soya beans, peanuts, almonds, tobacco, oil palms, rubber, coffee, tea) (BCPC 2012; University of
Hertfordshire 2013). Non-agricultural uses include the application of chlorothalonil to ornamentals,
turfs and remedial wood preservatives (i.e. protection of dry paint films/latex paints/other coatings
from mildew and the protection of wood from mould, sap stain and decay) (BCPC 2012).

Chlorothalonil is a broad-spectrum, non-systemic, foliar fungicide (BCPC 2012). Following
application, chlorothalonil is readily absorbed by plant tissues (rather than being translocated
systemically), providing protective action when applied to leaves (BCPC 2012). Chlorothalonil exerts
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its toxicity by binding to and depleting glutathione, a honenzymatic antioxidant present in animals,
plants, fungi and some bacteria. In fungi, glutathione activates the glyceraldehyde-3-phosphate
dehydrogenase enzyme which allows fungal cells to obtain energy to infect plants (Syngenta Group
2003; Cox 1997). Therefore, when chlorothalonil binds to glutathione, the activation of
glyceraldehyde-3-phosphate dehydrogenase is prevented, which disrupts glycosis and energy
production in fungal cells, in turn interfering with cell survival and health (BCPC 2012; Zhao et al.
2011).

Chlorothalonil may ultimately end up in aquatic environments as a result of spray drift, runoff and via
slow release into waterways where it is used as an additive of antifouling paints and wood protectants
(CCME 1999; Sakkas et al. 2002). Chlorothalonil has low solubility in water and high soil adsorption
ability as indicated by its log Ko value (Table 6) (BCPC 2012; University of Hertfordshire 2013). As
a result, chlorothalonil tends to remain bound to soil particles, meaning the potential to leach into
groundwater is negligible (Wu et al. 2002). Chlorothalonil reportedly persists in water, being stable
at pHs ranging from pH 5 to pH 7 (under ambient temperatures) and having a half-life (t12) of up to
38 days in more alkaline environments (pH 9) and a temperature of between 20 and 22 °C (University
of Hertfordshire 2013).

2.2 Freshwater

221 Aquatic toxicology

To identify species that were regionally relevant to Australia and New Zealand ecosystems, a search
of Algaebase (Guiry and Guiry 2017), Atlas of Living Australia (ALA 2017), Catalogue of Life (Roskov
et al. 2017), Integrated Taxonomic Information System (ITIS 2017) and the World Register of Marine
Species (WoRMS 2017) was conducted. The dataset used in the guideline derivation process for
chlorothalonil in freshwaters (Table 8) includes toxicity data for six freshwater species that either
originated from or are distributed within Australia and/or New Zealand. A summary of the high and
moderate quality raw toxicity data for all freshwater species that passed the screening and quality
assurance processes are provided below.

Freshwater Chronic

There were freshwater chronic toxicity data for one fish, two cladocerans, two molluscs, one
macrophyte, one fungus and nine microalgae. The toxicity values for the single fish species were
168-day NOEL and LOEC (mortality) values of 3 and 6.5 pg/L, respectively. The toxicity values
for the cladocerans were 7- to 8-day NOEC and LOEC (offspring production) values of 55 and
100 pg/L, respectively, two 7- to 8-day IC25 (offspring production) values of 51.3 and 66.4 ug/L
and 21-day NOEL and LOEC (immobilization) values of 39 and 79 ug/L, respectively. The
toxicity values for the molluscs were two 48-hour EC50 (embryonic development, ability to attach
to host) values of 0.97 and 40 pg/L, respectively. The toxicity values for the single macrophyte
species were 14-day NOEL and EC50 (growth rate, frond area, dry weight) values of 290 and
630 ug/L, respectively. The toxicity values for the single fungus species consisted of a 7- to 14-
day LOEC (zoospore concentration) value of 0.018 pg/L and an 8-day LOEC (cell density, area
under the curve) value of 0.00018 pg/L. The toxicity values for the microalgae consisted of a 48-
hour EC50 (cell count) value of 260 pg/L, two 72-hour LOEC (cell density, cell count) values
both of 1 pg/L, 72-hour EC50 (cell density, cell count) values ranging from 7 to 270 pg/L, 96-
hour NOEC (cell count) values ranging from 0.2 to 50 pg/L, 96-hour LOEC (cell count) values
ranging from 0.5 to 100 ug/L, 96-hour EC50 (cell count) values ranging from 2 to 385 ug/L, two
5-day NOEL (biomass yield, growth rate, area under the curve) values of 3.9 and 50 pg/L and
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two 5-day EC50 (biomass yield, growth rate, area under the curve) values ranging from 14 and
190 pg/L.

Freshwater Acute

There were freshwater acute toxicity data for eight fish, four amphibians, two crustaceans, one
cladoceran and one mollusc. The toxicity values for the fish were 24-hour LC50 (mortality)
values ranging from 23.7 to 126 pg/L, 48-hour LC50 (mortality) values ranging from 18.2 to
116 pg/L, 96-hour NOEL (mortality) values ranging from 0.37 to 250 pg/L and 96-hour LC50
(mortality) values ranging from 0.076 to 430 pg/L. The toxicity values for the amphibians
consisted of two 72-hour LOEC (mortality) values both of 172 pg/L, 96-hour NOEC (mortality,
tail to length ratio, snout to vent length) values ranging from 1.76 to 34.6 pg/L, 96-hour LOEC
(mortality, tail to length ratio, snout to vent length) values ranging from 5.9 to 36.4 pg/L and 96-
hour LC50 (mortality) values ranging from 8.2 to 42.4 ug/L. The toxicity values for the
crustaceans were two 4-day LC50 (mortality) values of 12 and 16 pg/L and two 7-day LC50
(mortality) values of 3.6 and 10.9 pg/L. The toxicity values for the single cladoceran species
were two 48-hour NOEL (immobilisation) values of 6.8 and 31.6 pg/L, two 48-hour LOEC
(immobilisation) values of 0.014 and 14 pg/L, 48-hour EC50 (immobilization, mortality) values
ranging from 0.028 to 75 pg/L. The toxicity values for the single mollusc species were a 24-hour
EC50 (ability to attach to host) value of 90 pg/L and a 96-hour EC50 (survival) value of 280 pg/L.
As stated in Warne et al. (2015), acute EC10/NOEC and LOEC values should not be converted to
chronic EC10/NOEC values and have not been used to derive PGVs.

222 Factors affecting toxicity

No factors have been reported as modifying the toxicity of chlorothalonil. As with many organic
chemicals it might be expected that dissolved and particulate organic matter and suspended solids
would affect its bioavailability and toxicity. The capacity for this may be higher than most pesticides
due to the relatively high K¢ value of chlorothalonil. However, any such effect would be dependent
on a variety of environmental and physicochemical conditions.

2.2.3 Guideline derivation

The derived PGVs for chlorothalonil in freshwaters are provided in Table 7. Details of how the PGVs
were calculated and the toxicity data that were used are provided below. As with all the other
pesticides that have PGVs, the PGVs for chlorothalonil are expressed in terms of the concentration
of the active ingredient.

Measured log BCF values for chlorothalonil are low (Table 6) and below the threshold at which
secondary poisoning must be considered (i.e. threshold log BCF = 4, Warne et al. 2015). Therefore,
the PGVs for chlorothalonil do not need to account for secondary poisoning.
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Table 7 Proposed aquatic ecosystem protection guideline values (ug/L) for
chlorothalonil for the protection of freshwater ecosystems.
Chlorothalonil proposed aquatic

ecosystem protection guideline values
(freshwater)*

Reliability classification?

Species Concentration (ug/L) o
protection (95% Cl) Criterion Result
0.24 .
0,
99% (0137 0.84) Sample size 12
95% 0.48 Type of toxicity data Chronic NOEC/NOEL values
(0.287 1.5)
0.74 )
0,
90% (0421 2.2) SSD model fit Good
80% 1.3 Reliability High
(0.697 3.9)
! Proposed aquatic ecosystem protection guideline valuesere derived using the Burrlioz 2.0 (2016) softwaré.See Warne et
al. (2015) for definitions ofproposed aquatic ecosstemprotection guideline valueii r el i abi | i t y 0.

224 Toxicity data used in derivation

Previously, no Australian and New Zealand GV (formerly referred to as a trigger value) existed for
chlorothalonil in freshwater or marine environments (ANZECC and ARMCANZ 2000). To obtain
toxicity data for chlorothalonil to freshwater organisms, an extensive search of the scientific literature
was conducted. In addition, the databases of the USEPA ECOTOX (USEPA 2015a), Office of the
Pesticide Program (USEPA 2015b), the Australasian Ecotoxicology Database (Warne et al. 1998)
and the ANZECC and ARMCANZ (2000) toxicant database (Sunderam et al. 2000) were searched.
There are now more chlorothalonil toxicity data available that enable the calculation of PGVs in
freshwaters; however, toxicity data for the target species was available for only one species of
fungus. Despite this, Maltby et al. (2009) states that there is no evidence to suggest that GVs derived
using non-fungal species pose a risk to aquatic fungi. In order to derive higher reliability PGVs in the
future, it is recommended that additional chronic toxicity tests of chlorothalonil with freshwater
species (particularly fungi) be conducted.

In total, there were toxicity data for 28 freshwater species (seven phyla and ten classes) that passed
the screening and quality assessment processes. The represented phyla were Arthropoda,
Chlorophyta, Chordata, Chytridiomycota, Cyanobacteria, Mollusca and Tracheophyta. The ten
classes were Actinopterygii (which accounts for approximately 99% of fish), Amphibia (tetrapod
vertebrates), Bivalvia (a class of molluscs), Branchiopoda (a grouping of crustaceans),
Chlorophyceae (a major grouping of freshwater green algae), Chytridiomycetes (a class of fungi),
Cyanophyceae (a class of cyanobacteria), Liliopsida (monocots), Malacostraca (a large grouping of
crustaceans) and Trebouxiophyceae (another grouping of green algae).

Based on the current understanding of the mode of action of chlorothalonil, a multi-site inhibitor of
various enzymes, particularly glyceraldehyde-3-phosphate dehydrogenase in fungi, it would be
expected that heterotrophic species (particularly fungi) would be more sensitive than phototrophic
species, as the glyceraldehyde-3-phosphate dehydrogenase enzyme is critical to glycosis and
energy production in fungal cells. Notwithstanding the acknowledged lack of fungi toxicity data in the
database, the chlorothalonil ecotoxicity data for phototrophs and heterotrophs were tested using the
parametric two sample t test to see if to see if the toxic responses among different taxa were uni- or
multi-modal. The t test indicated that the two groups did not have significantly different (p = 0.399,
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see section 2.3.6) sensitivities. Therefore, as recommended by Warne et al. (2015), the data for both
phototrophs and heterotrophs were combined to calculate the PGVs for chlorothalonil in freshwater.

There were freshwater chronic no observed effect concentration (NOEC) and no observed effect
level (NOEL) data available for 12 species (that belonged to five phyla and six classes), which met
the minimum data requirements (i.e. at least five species belonging to at least four phyla) to use a
SSD to derive PGVs (Warne et al. 2015). The number of species and taxa in the toxicity data used
to derive the PGVs (Table 7) combined with the good fit of the distribution to these toxicity data
(Figure 6) resulted in a high reliability set of PGVs. A summary of the toxicity data (one value per
species) used to calculate the PGVs for chlorothalonil in freshwater environments is provided in
Table 8.
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Table 8 Summary of the single toxicity value for each phototrophic and heterotrophic species that was used to derive the
proposed aquatic ecosystem protection guideline values for chlorothalonil in freshwaters. Data are arranged in alphabetical
order of the test species.

Taxonomic Duration TTERIEriy
Species Phyla Class Life stage Typet! Toxicity endpoint value Reference
group (CEVD)]
(ug/L)
Cyanobacteria Anabaena flos-aquae Cyanobacteria = Cyanophyceae Not stated 4 Chronic NOEC Cell count 1 Ma et al. (2011)
. ) . . . . . . Phyu et al.
Macroinvertebrate =~ Ceriodaphnia dubia* Arthropoda Branchiopoda Neonate 7-8 Chronic NOEC Offspring production 55 2013
Microalga Chlorella pyrenoidosa®* Chlorophyta Trebouxiophyceae = Not stated 4 Chronic NOEC Cell count 0.63 Ma et al. (2011)
Macroinvertebrate  Daphnia magna Arthropoda Branchiopoda Life cycle 21 Chronic NOEL Immobilisation 39 USEPA (2015b)
. I . Frond number, dry
Macrophyte Lemna gibba Tracheophyta @ Liliopsida Not stated 14 Chronic NOEL weight, frond area 290 USEPA (2015b)
Cyanobacteria Microcystis aeruginosa* | Cyanobacteria | Cyanophyceae Not stated 4 Chronic NOEC Cell count 50 Ma et al. (2011)
Cyanobacteria Microcystis flos-aquae* Cyanobacteria = Cyanophyceae Not stated 4 Chronic NOEC Cell count 2 Ma et al. (2011)
Microalga Navicula pelliculosa* Chlorophyta Chlorophyceae Not stated 5 Chronic NOEL a?emizscygleld, growth 3.9 USEPA (2015b)
. . . - Early life . .
Fish Pimephales promelas Chordata Actinopterygii stage 168 Chronic NOEL Mortality 3 USEPA (2015b)
Microalga Scenedesmus obliquus* | Chlorophyta Chlorophyceae Not stated 4 Chronic NOEC Cell count 0.5 Ma et al. (2011)
Microalga Scengdesmus Chlorophyta Chlorophyceae Not stated 4 Chronic NOEC Cell count 5 Ma et al. (2011)
quadricauda
Microalga Selenastrum Chlorophyta Chlorophyceae Not stated 4 Chronic NOEC Cell count 20 Ma et al. (2011)

capricornutum4

1 Chronic NOEC/NOEL = no conversions applied (Warneet al. 2015).2 This species has been callgghlorella vulgarisand Chlorella pyrenoidosa® AUC = area under the growth curve.
4 This species has also been call®hphidocelis subcapitatand Selenastrum capricornutum* Species that originated from/is distributed in Australia and/or New Zealand.




225 Species sensitivity distribution

The cumulative frequency (species sensitivity) distribution (SSD) of the 12 freshwater, phototrophic
and heterotrophic species that was used to derive the PGVs is presented in Figure 6.
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Figure 6 Cumulative frequency distribution, generated using Burrlioz 2.0 (2016) of the sensitivity of sensitivity of chronic
no observed effect concentration (NOEC) and no observed effect level (NOEL) data values of freshwater phototrophic and
heterotrophic species to chlorothalonil. Black dashed lines indicate the 95% confidence intervals.




2.3 Marine

231 Aquatic toxicology

To identify species that were regionally relevant to Australia and New Zealand ecosystems, a search
of Algaebase (Guiry and Guiry 2017), Atlas of Living Australia (ALA 2017), Catalogue of Life (Roskov
et al. 2017), Integrated Taxonomic Information System (ITIS 2017) and the World Register of Marine
Species (WoRMS 2017) was conducted. The dataset used in the guideline derivation process for
chlorothalonil in marine waters (Table 10) includes toxicity data for three marine species that either
originated from or are distributed within Australia and/or New Zealand. A summary of the high and
moderate quality raw toxicity data for all marine species that passed the screening and quality
assurance processes are provided below.

Marine Chronic

There were marine chronic toxicity data for one crustacean, one mollusc, one echinoderm, one
ascidian, one microinvertebrate and five microalgae. The toxicity values for the single crustacean
species were 28-day NOEL and LOEC (mortality) values of 0.83 and 1.2 pg/L, respectively. The
toxicity values for the single mollusc species were 48-hour EC10 and EC50 (embryonic
development) values of 4.5 and 8.8 ug/L, respectively. The toxicity values for the single echinoderm
species were 48-hour NOEC and LOEC (embryonic development) values of 3.98 and 6.12 ug/L,
respectively, a 48-hour EC10 (embryonic development) value of 4.3 pg/L and two 48-hour EC50
values both of 6.6 pg/L. The toxicity values for the single ascidian species were 48-hour EC10 and
EC50 (embryonic development) values of 12 and 33 pg/L, respectively, and 48-hour EC10 and EC50
(larvae settlement success) values of 28.7 and 42 pg/L. The toxicity values for the single
microinvertebrate species were 16-day NOEC and EC20 (mature to adult, sex ratio, first and second
brood size) values all of 23.5 pg/L. The toxicity values for the microalgae consisted of 96-hour NOEC
and LOEC (cell density) values of 33 and 100 pg/L, respectively, 96-hour EC50 (cell density) values
ranging from 4.4 to 390 ug/L, a 7-day EC50 (cell density) value of 150 pg/L and 14-day NOEL and
EC50 (biomass vyield, growth rate, area under the growth curve) values of 5.9 and 13 pg/L,
respectively.

Marine Acute

There were marine acute toxicity data for three fish, three crustaceans, one mollusc, one
echinoderm, two microinvertebrates and one polychaete. The toxicity values for the fish species
were a 48-day LC50 (mortality) value of 32 pg/L, a 96-hour NOEL (mortality) value of 20 pg/L and
two 96-hour LC50 (mortality) values of 32 and 110 pg/L. The toxicity values for the crustaceans were
24-, 48- and 96-hour LC50 (mortality) values ranging from 67 to 734.9 ug/L, two 96-hour NOEC
(mortality) values of 75 and 125 pg/L and 96-hour LOEC (mortality) values ranging from 31.3 to
250 pg/L. The single toxicity value for the mollusc species was a 96-hour EC50 (mortality, abnormal
development) value of 26 pg/L. The toxicity values for the single echinoderm species were a 48-hour
EC10 (length) value of 0.5 pg/L and 48-hour EC50, NOEC and LOEC (maximum dimension) values
of 3.98, 6.12 and 7.76 pg/L, respectively. The toxicity values for the microinvertebrates were 24-hour
LC10 and LC50 (mortality) values of 121.8 and 167.8 pg/L, respectively, a 96-hour LC10 (mortality)
value of 69.5 pg/L, 96-hour LC50 (mortality) values ranging from 26.72 to 90.6 pg/L and a 16-day
NOEC (survival) of 23.5 pg/L. The single toxicity value for the polychaete species was a 48-hour
LC50 (mortality) value of 12 pg/L. As stated in Warne et al. (2015), acute EC10/NOEC and LOEC
values should not be converted to chronic EC10/NOEC values and have not been used to derive
PGVs.
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2.3.2 Factors affecting toxicity

No factors have been reported as modifying the toxicity of chlorothalonil. As with many organic
chemicals it might be expected that dissolved and particulate organic matter and suspended solids
would affect its bioavailability and toxicity. The capacity for this may be higher than most pesticides
due to the relatively high K¢ value of chlorothalonil. However, any such effect would be dependent
on a variety of environmental and physicochemical conditions.

2.3.3 Guideline derivation

The derived PGVs for chlorothalonil in marine waters are provided in Table 9. Details of how the
PGVs were calculated and the toxicity data that were used are provided below. As with all the other
pesticides that have PGVs, the PGVs for chlorothalonil are expressed in terms of the concentration
of the active ingredient.

Measured log BCF values for chlorothalonil are low (Table 6) and below the threshold at which
secondary poisoning must be considered (i.e. threshold log BCF = 4, Warne et al. 2015). Therefore,
the PGVs for chlorothalonil do not need to account for secondary poisoning.

Table 9 Proposed aquatic ecosystem protection guideline values (ug/L) for
chlorothalonil for the protection of marine ecosystems.

Chlorothalonil proposed aquatic

ecosystem protection guideline values Reliability classification?
(marine)!
Species Concentration (ug/L) o
protection (95% Cl) Criterion Result
0.34 .
0,
99% (0.0611 2.9) Sample size 7
1.0 . .
0,
95% (0267 5.2) Type of toxicity data Chronic NOEC/NOEL/EC10 values
90% 1.7 SSD model fit Good
(0.517 7.0)
80% 2.9 Reliability Moderate
(1.07 9.8)

! Proposed aquatic ecosystem protection guideline valuegre derived usingthe Burrlioz 2.0 (2016) software” See Warne et
al. (2015) for definitions ofproposedaquatic ecosytem protection guidelinevaluefir el i abi | i t y 0.

234 Toxicity data used in derivation

Previously, no Australian and New Zealand GV (formerly referred to as a trigger value) existed for
chlorothalonil in marine or freshwater environments (ANZECC and ARMCANZ 2000). To obtain
toxicity data for chlorothalonil to marine organisms, an extensive search of the scientific literature
was conducted. In addition, the databases of the USEPA ECOTOX (USEPA 2015a), Office of the
Pesticide Program (USEPA 2015b), the Australasian Ecotoxicology Database (Warne et al. 1998)
and the ANZECC and ARMCANZ (2000) toxicant database (Sunderam et al. 2000) were searched.
There are now more chlorothalonil toxicity data available that enable the calculation of PGVs in
marine waters; however, no toxicity data are available for the target species, fungi. Despite this,
Maltby et al. (2009) states that there is no evidence to suggest that the PGVs derived using non-
fungal species pose a risk to aquatic fungi. In order to derive higher reliability PGVs in the future, it
is recommended that additional chronic toxicity tests of chlorothalonil with marine species
(particularly fungi) be conducted.
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In total, there were toxicity data for 19 marine species (eight phyla and ten classes) that passed the
screening and quality assessment processes. The represented phyla were Annelida, Arthropoda,
Bacillariophyta, Chlorophyta, Chordata, Cyanobacteria, Echinodermata and Mollusca. The ten
classes were Actinopterygii (which accounts for approximately 99% of fish), Ascidiacea (invertebrate
filter feeders), Bivalvia (a grouping of molluscs), Chlorophyceae (a major grouping of green algae),
Cyanophyceae (a class of cyanobacteria), Echinoidea (a class of urchins), Malacostraca (a large
grouping of crustaceans), Maxillopoda (another large grouping of crustaceans), Mediophyceae (a
grouping of marine diatoms) and Polychaeta (a class of annelid worms).

Based on the current understanding of the mode of action of chlorothalonil, a multi-site inhibitor of
various enzymes, particularly glyceraldehyde-3-phosphate dehydrogenase in fungi, it would be
expected that heterotrophic species (particularly fungi) would be more sensitive than phototrophic
species, as the glyceraldehyde-3-phosphate dehydrogenase enzyme is critical to glycosis and
energy production in fungal cells. Notwithstanding the acknowledged absence of fungi toxicity data
in the database, the chlorothalonil ecotoxicity data for phototrophs and heterotrophs were tested
using the parametric two sample t test to see if to see if the toxic responses among different taxa
were uni- or multi-modal. The t test indicated that the two groups did not have significantly different
(p = 0.399, see section 2.3.6) sensitivities. Therefore, as recommended by Warne et al. (2015), the
data for both phototrophs and heterotrophs were combined to calculate the PGVs for chlorothalonil
in marine water.

There were marine chronic 10% effect concentration (EC10), no observed effect concentration
(NOEC) and no observed effect level (NOEL) data available for seven species (that belonged to six
phyla and seven classes), which met the minimum data requirements (i.e. at least five species
belonging to at least four phyla) to use a SSD to derive PGVs (Warne et al. 2015). The number of
species and taxa in the toxicity data used to derive the PGVs (Table 9) combined with the good fit of
the distribution to these toxicity data (Figure 7) resulted in a moderate reliability set of PGVs. A
summary of the toxicity data (one value per species) used to calculate the PGVs for chlorothalonil in
marine environments is provided in Table 10.
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Table 10 Summary of the single toxicity value for each phototrophic and heterotrophic species that was used to derive the
proposed aquatic ecosystem protection guideline values for chlorothalonil in marine waters. Data are arranged in
alphabetical order of the test species.

Taxonomic Duration TTERIEriy
Species Phyla Class Life stage Typet! Toxicity endpoint value Reference
group (CEVS)]
(Hg/L)
. ) . . . . . USEPA
Macroinvertebrate =~ Americamysis bahia | Arthropoda Malacostraca Life cycle 28 Chronic NOEL Mortality 0.83 (2015b)
Amphiascus Stage 1 Mature to adult, sex ratio, 1% Bejarano et al
Microinvertebrate phiase Arthropoda Maxillopoda juvenile 16 Chronic NOEC d " ’ 235 ] '
tenuiremis . and 2" brood size 2005
copepodite
. . . - - Embryo / . .
Macroinvertebrate = Ciona intestinalis* Chordata Ascidiacea Larvae 2 Chronic EC10 Embryonic development 12 Bellas (2006)
Logarithmic DeLorenzo and
Microalga Dunaliella tertiolecta | Chlorophyta Chlorophyceae = growth 4 Chronic NOEC Cell density 33
Serrano (2003)
phase
Macroinvertebrate =~ Mytilus edulis* Mollusca Bivalvia Embryo 2 Chronic EC10 Embryonic development 4.5 Bellas (2006)
. L . . Chronic NOEC/ . Bellas (2006);
Macroinvertebrate = Paracentrotus lividus = Echinodermata = Echinoidea Embryo 2 EC10 Embryonic development 4.14 Bellas (2008)
. Skeletonema . . . Biomass yield, growth rate, USEPA
Microalga costatum® Bacillariophyta = Mediophyceae @ Not stated 14 Chronic NOEL AUC? 5.9 (2015b)

1 Chronic NOEC/NOEL/EC10 = no conversions applied (Warne et al. 2015)AUC = area under the growth curve. * Species that originated from/is distributed in Australia and/or New
Zealand.




235 Species sensitivity distribution

The cumulative frequency (species sensitivity) distribution (SSD) of the seven marine, phototrophic
and heterotrophic species that was used to derive the PGVs is presented in Figure 7.

o
S SRt B
o Chlorophyta
3 8-
3 o Arthropoda
= ;
m II
=
o
= = I
[} ©
Is)
Q.
12}
Q
O
(]
Q.
77} o _|
'*6 <
(0]
o)) i
© ’
p = /
[} ’
(‘__) '/
& 8- g
: 0 Chronic NOEC
© Chronic NOEL
) A Chronic EC10
e S + Chronic NOEC/EC10
o T e e = = e m .- -——--

l T T 111111 T T T TTTIT0 T T T 11111 1 11
0.1 1 10 100

Chlorothalonil (pg/L)

Figure 7 Cumulative frequency distribution, generated using Burrlioz 2.0 (2016,) of the sensitivity of chronic 10% effect
concentration (EC10), no observed effect concentration (NOEC) and no observed effect level (NOEL) data values of marine
phototrophic and heterotrophic species to chlorothalonil. Black dashed lines indicate the 95% confidence intervals.
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2.3.6

Distribution of sensitivities for aguatic species

Statistical analysis of the chlorothalonil ecotoxicity data for freshwater and marine species indicated
that there was no difference in the sensitivities of the two groups. The non-parametric Mann-Whitney
test was used because the transformed chlorothalonil freshwater and marine concentration data
failed tests for normality (Anderson-Darling; p = 0.008) and had unequalv ar i ances -Tefi sher
p = 0.004). Results from the Mann-Whitney test indicated that the two groups were not significantly
different (p = 0.067); therefore, the freshwater and the marine chlorothalonil ecotoxicity data can be
pooled for further analysis.

The toxicity data for chlorothalonil to all freshwater and marine species that passed the screening
and quality assessment schemes were combined to create a larger dataset to determine the modality
of the data. All data that were not chronic NOEC or EC10 values were first converted to this type of
data using the methods recommended by Warne et al. (2015). A natural logarithmic (In)
transformation was then applied to normalise the data. Visual examination of the histogram of the
transformed data indicated that the distribution of the chlorothalonil ecotoxicity data may be unimodal

(Figure 8).
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Figure 8 Histogram of the natural logarithm (In) of all chlorothalonil (freshwater and marine) toxicity data for phototrophic
and non-phototrophic species (n = 47).

The chlorothalonil ecotoxicity data for phototrophic and non-phototrophic species were tested to see
if they came from the same population. To test for significant differences (i.e.p-val ue O 0. 05) b
the two groups, the non-parametric Mann-Whitney test was used because the transformed
oni | concentrat.
a normal distribution (Anderson-Darling; p = 0.003). Results from the Mann-Whitney test indicated
that the two groups were not significantly different (p = 0.399); therefore, it was concluded that the
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3 Fipronil

3.1 Introduction

Fipronil is an insecticide (C12H4Cl2FsN4OS and Figure 9) that at room temperature is in the form of a
white solid. It is the active ingredient of a variety of commercial insecticide formulations as well as
some commercial herbicide formulations.

Cl
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|
Cl' NH, CF,

Figure 9 Structure of fipronil.

Physicochemical properties of fipronil that may affect its environmental fate and toxicity are
presented in Table 11.

Table 11 Summary of selected physicochemical properties of fipronil.

Molecular weight 437.2 amu?!

1.9 mg/L @ pH 5 and temperature 20 °C/25 °C*3
Aqueous solubility 2.4 mg/L @ pH 9 and temperature 20 °C/25 °C*3
3.78 mg/L @ temperature of 20 °C?

4.0 (shake flask method)*

Logarithm of the octanol-water partition coefficient (log Kow) 3.75 @ pH 7 and temperature of 20 °C?
Logarithm of the organic carbon water partition coefficient (log 2.63 (Speyer 2.2) i 3.09 (sandy loam)*
Koc)
Logarithm of the bioconcentration factor (log BCF) 2.512
54 days
Half-life (ti,) in water Stable @ pH 5i 7 and temperature 20 °C?
125 hours (5.2 days)®
68 days
Half-life (i) in soil (657 142 days in field and the lab (20 °C), respectively)?

438 hours (18.25 days)®
1BCPC (2012).2 Pesticide Properties Database (University of Hertfordshire 2013j.Gunasekara et al. 2007.

Fipronil belongs to the phenylpyrazole group within the pyrazole family of insecticides, which also
includes acetoprole and flufiprole. Fipronil is extensively used on domestic pets for the rapid
treatment of fleas and larvae, ticks and chewing lice as well as in selected agricultural applications
for the control of a wide range of insect pests in a variety of crops such as cotton, potatoes, maize
and rice (BCPC 2012; University of Hertfordshire 2013). It may ultimately end up in aquatic
environments as a result of runoff, accumulation in arable soils and soil water and as a result of
uptake by non-target plants via their roots or dust deposition on leaves (Bonmatin et al. 2015).
Fipronil is one of the most heavily used insecticides worldwide, alongside neonicotinoids such as
imidacloprid and clothianidin (Bonmatin et al. 2015).

Fipronil is a chiral molecule and occurs in two mirror-image forms known as the R- and S+
enantiomers (mirror image isomers). Fipronil is produced as a racemic mixture, i.e. it is produced
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with equal amounts of the R- and S+ enantiomers. Following application as a racemic mixture,
biological processes within the environment can alter the ratio of enantiomers resulting in the
enrichment of one enantiomer whilst the other is transformed (Baird et al. 2013). Therefore,
environmental concentrations are often comprised of mixtures of each enantiomer. Konwick et al.
(2005) states that the S+ enantiomer is generally more toxic than the R- enantiomer or a 50:50
racemic mixture, however this trend is not distinctly recognisable in the present dataset due to the
limited ecotoxicity data available for fipronil. Therefore, the PGVs for fipronil were derived using
toxicity data for both enantiomers as well as the racemic mixture and are expressed in terms of the
concentration of the active ingredient.

Fipronil is absorbed through the leaves of plants following foliar application. It is then translocated
acropetally (i.e. movement upwards from the base of plants to the apex) in the xylem and
accumulates in the plant tissues (Bonmatin et al. 2015). Fipronil exerts specific toxicity by binding to
the o-aminobutyric acid (GABA) receptors and glutamate-gated chloride channels in nerve cells,
having a stronger affinity for receptors in insects and other arthropods than for receptors
invertebrates (Baird et al. 2013, Konwick et al. 2005, Simon-Delso et al. 2015). Blocking these
inhibiting receptors results in neuronal hyperexcitation, which paralyses and kills the organism
(Simon-Delso et al. 2015). Specificity to invertebrates occurs predominantly because glutamate
receptors are insect specific and do not occur in vertebrates (Simon-Delso et al. 2015). Its systemic
properties make it most effective at controlling insects and arthropods with piercing/sucking
mouthparts such as stem borers, leaf miners, plant hoppers, and weevils (BCPC 2012). Fipronil is
also used to control rootworms, wireworms, termites and thrips following application to soils and
seeds (BCPC 2012) and widely used in Australia for locust control (APVMA 2012).

Fipronil is a broad spectrum insecticide with systemic properties that has low to moderate solubility
in water and high soil adsorption characteristics as indicated by its log Ko value (Table 11) (BCPC
2012; University of Hertfordshire 2013). It has a low potential for volatisation with variable
persistence in soils, waterways and non-target plants (Table 11).

3.2 Marine

3.2.1 Aquatic toxicology

To identify species that were regionally relevant to Australia and New Zealand ecosystems, a search
of Algaebase (Guiry and Guiry 2017), Atlas of Living Australia (ALA 2017), Catalogue of Life (Roskov
et al. 2017), Integrated Taxonomic Information System (ITIS 2017) and the World Register of Marine
Species (WoRMS 2017) was conducted. The dataset used in the guideline derivation process for
fipronil in marine waters (Table 13) includes toxicity data for six freshwater species that either
originated from or are distributed within Australia and/or New Zealand. The dataset used in the
guideline derivation process did not include any toxicity data for fipronil to Australian and/or New
Zealand marine species. A summary of the high and moderate quality raw toxicity data for all marine
and freshwater species that passed the screening and quality assurance processes are provided
below.
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Marine Chronic

There were marine chronic toxicity data for three crustaceans, one molluscs, one fish and one
microalga species. The toxicity values for crustaceans were 12-day NOEL and NOEC (mature to
adult, fecundity) values of 0.16 and 0.5 pg/L, respectively, 12-day LOEL and LOEC (mature to adult,
fecundity) values of 0.25 and 0.22 pg/L, respectively, 17-day NOEL and LOEL (egg production; egg
extrusion time) values ranging from 0.16 to 0.22 pg/L, a 21-day NOEL value (mortality) of 0.42 pg/L,
28-day NOEC and LC50 (mortality) values of 150 and 357 ug/L, respectively, and 28-day LOEC
(mortality) values ranging from 0.005 to 355 ug/L. 32-day NOEC and LOEC (survival) values of 0.25
to 0.5 ug/L, respectively, 45-day NOEC and LOEC (survival; body weight; body length) values
ranging from 0.0979 to 0.143 ug/L. The toxicity values for the single mollusc species were 28-day
NOEC and LOEC (shell length) values of 0.355 and 5 pg/L, respectively. The toxicity data for the
single fish species consisted of 32-day NOEL and LOEC (mortality) values ranging from 0.24 to
1.6 pg/L and a 110-day LOEC (mortality) value of 0.85 pg/L. The toxicity data for the single microalga
species were 96-hour NOEC, LOEC and EC50 (cellular bio-volume) values of 250, 500 and
631.2 ug/L.

Marine Acute

There were marine acute toxicity data for three crustaceans, one mollusc and one fish species. The
toxicity values for crustaceans were 96-hour NOEC/NOEL, LOEC/LOEL and LC50 (mortality) values
ranging from 0.031 to 32 pg/L, 96-hour EC50/LC50 (mortality; abnormal development) values
ranging between 177 to 770 ug/L and 7-day NOEC and LOEC (survival) values of 0.15 and
0.355 pg/L, respectively. The toxicity values for the single mollusc species were 96-hour LC50
(mortality) values ranging from 117 to 208 pg/L. The toxicity values for fish were 96-hour LOEL and
LC50 (mortality) values of 110 and 130 ug/L, respectively. As stated in Warne et al. (2015), acute
EC10/NOEC and LOEC values should not be converted to chronic EC10/NOEC values and have
not been used to derive PGVs.

Freshwater Chronic

There were freshwater chronic toxicity data for two cladocerans, four fish and five species of
microalgae. The toxicity values for the cladocerans were 8-day NOEC, LOEC and LC50 values for
a variety of endpoints (mortality, number of broods per female, time taken to release brood, brood
size; fecundity) that ranged from 2 to 270 pg/L and 21-day NOEL and LOEC (immobilisation) values
of 9.6 to 41 pg/L and 19.5to 100 ug/L, respectively. The toxicity data for fish consisted of 7-day LC50
(mortality) values of 208 to 365 ug/L, 28-day NOEC and LOEC (mortality) values of 10 and 30 ug/L,
respectively, three 60-day LOEC (survival; weight gain; average weight) values all of 42.8 ug/L and
90-day NOEL and LOEC (mortality) values of 6.6 and 15 ug/L, respectively. The toxicity data for
microalgae were 72-hour EC50 (cell count) values ranging between 290 to 1,500 pg/L and 5-day
NOEL and EC50 (biomass yield, growth rate and area under the curve) values ranging from 7.5 to
170 pg/L and 76 to 140 ug/L, respectively.
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Freshwater Acute

There were freshwater acute toxicity data for five cladocerans, six crustaceans, 28 insects, seven
fish, one amphibian and one macrophyte. The toxicity values for the cladocerans were a 24-hour
LC50 (mortality) value of 33.3 pg/L, two 48-hour NOEL (immobilisation) values of 22 and 52 pg/L,
two 48-hour (immobilisation) values of 19 and 34 pg/L, 48-hour ECS50/LC50 (mortality,
immobilisation) values ranging from 3.45 to 190 pg/L and a 96-hour LC50 (mortality) value of
143.4 pg/L. The toxicity values for the crustaceans consisted of a 48-hour LC50 (mortality) value of
437.2 ug/L, a 96-hour NOEC (mortality) value of 0.25 pg/L, 48-hour LOEC (mortality) values ranging
from 0.13 to 32 pg/L and 96-hour LC50 (mortality) values ranging from 0.32 to 163.5 pg/L. The
toxicity data for insects consisted of 24-hour LC50 (mortality) values ranging from 0.35 to 100 pg/L,
a single 48-hour LOEC (mortality) value of 2.19 pg/L, 48-hour LC50 (mortality) values ranging from
0.105 to 646.3 pg/L, a 96-hour NOEL (mortality) value of 0.14 pg/L and 96 hour LC50 values ranging
from 0.113 to 2.11 pg/L. The toxicity data for fish were 24-hour LC10, NOEC and LOEC (mortality)
values of 305.6, 300 and 350 ug/L, respectively, 24-hour LC50 values of 220.4 and 398.29 ug/L,
96-hour NOEL (mortality) values ranging from 6.7 to 89 ug/L, 96-hour LC50 (mortality) values
ranging from 20 to 448.5 pg/L, 5-day NOEC and LOEC (mortality) values of 1,000 and 5,000 ug/L
and a single 5-day NOEC (body length) value of 161.75 ug/L. The toxicity data for the one amphibian
species consisted of LC50 (mortality) values ranging from 850 to 1,140 pg/L. The single value for a
macrophyte was a 5-day NOEL (growth rate, frond area, dry weight) of 100 ug/L. As stated in Warne
et al. (2015), acute EC10/NOEC and LOEC values should not be converted to chronic EC10/NOEC
values and have not been used to derive PGVs.

3.2.2 Factors affecting toxicity

No factors have been reported as modifying the toxicity of fipronil. As with many organic chemicals
it might be expected that dissolved and particulate organic matter and suspended solids would affect
its bioavailability and toxicity. However, any such effect would be relatively minor given the relatively
low log Ko value of fipronil (Table 11).

3.2.3 Guideline derivation

The derived PGVs for fipronil in marine waters are provided in Table 12. Details of how the PGVs
were calculated and the toxicity data that were used are provided below. As with all the other
pesticides that have PGVs, the PGVs for fipronil are expressed in terms of the concentration of the
active ingredient.

Measured log BCF values for fipronil are low (Table 11) and below the threshold at which secondary
poisoning must be considered (i.e. threshold log BCF = 4, Warne et al. 2015). Therefore, the PGVs
for fipronil do not need to account for secondary poisoning.
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Table 12 Proposed aquatic ecosystem protection guideline values (pg/L) for fipronil
for the protection of marine ecosystems.

Fipronil proposed aquatic ecosystem L T
protection guideline values (marine)* Relatlv

Species Concentration (ug/L) -
protection (95% Cl) Criterion Result
0.0034 .
0,
99% (3.3x10°71 0.012) Sample size 28
95% 0.0089 Tvoe of toxicity data Chronic NOEC/NOEL, chronic estimated NOEC and
0 (3.0x10°1 0.025) yp Y converted acute values (freshwater and marine)
0.016 )
0,
90% (0.00058 i 0.040) SSD model fit Good
80% 0.033 Reliability Moderate

(0.011 i 0.078)

! Proposed aquatic ecosystem protection guideline valuegere derived using the Burrlioz 2.0 (2016) software’. SeeWarne et
al. (2015) for definitions ofproposed aquatic ecosstem protection guidelinevaluéir el i abi | i t y o.

3.24 Toxicity data used in derivation

Previously, no Australian and New Zealand GV (formerly referred to as a trigger value) existed for
fipronil in marine or freshwater environments (ANZECC and ARMCANZ 2000). To obtain toxicity
data for fipronil to marine organisms, an extensive search of the scientific literature was conducted.
In addition, the databases of the USEPA ECOTOX (USEPA 2015a), Office of the Pesticide Program
(USEPA 2015b), the Australasian Ecotoxicology Database (Warne et al. 1998) and the ANZECC
and ARMCANZ (2000) toxicant database (Sunderam et al. 2000) were searched. There are now
more fipronil toxicity data available that enable the calculation of PGVs in marine waters. However,
it was only possible to derive PGVs by using ecotoxicity data for a mixture of both marine and
freshwater organisms. In order to derive higher reliability PGVs in the future that are of greater
relevance to marine ecosystems separately, it is recommended that additional chronic toxicity tests
of fipronil with marine arthropod species (particularly crustaceans) be conducted.

Normally, species classified only to the level of genus (e.g. Chlorella sp.) are not used in the PGV
derivation process as species specificity is required. The use of such data in PGV derivations is
usually avoided as the ambiguity at the genus level could result in more than one toxicity value being
assigned to a single species. However, visual identification and classification of species within a
genus, particularly for microalgae, can be difficult for some genera due to their lack of characteristic
morphological features (Kessler and Huss 1992). Nonetheless, when there is no other data for
species belonging to the same genus (i.e. there is no chance of duplicating a species) and/or when
there are limited amounts of toxicity data available, then such data could be included in the derivation
of PGVs. In deriving the PGVs for fipronil in marine waters, Hexagenia sp. and Hydropsyche sp.
were included as no other toxicity data for these genera were used.

In total, there were toxicity data for eight marine species (four phyla and five classes) that passed
the screening and quality assessment processes. The represented phyla were Arthropoda,
Chlorophyta, Chordata and Mollusca. The five classes were Actinopterygii (which accounts for
approximately 99% of fish), Bivalvia (a grouping of molluscs), Chlorophyceae (a major grouping of
green algae), Malacostraca (a large grouping of crustaceans) and Maxillopoda (another large
grouping of crustaceans).

Based on the current understanding of the mode of action of fipronil, it would be expected that
arthropods (insects and crustaceans) would be more sensitive than other organisms as it is a GABA-
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and glutamate-gated chloride channel antagonist, and glutamate receptors are insect specific. The
fipronil ecotoxicity data for arthropods and non-arthropods (including phototrophs) were tested using
the parametric two-sample t test to see if the toxic responses among different taxa were uni- or multi-
modal. The t test indicated that the two groups had significantly different (p <0.0001, see section
3.2.6) sensitivities. Therefore, as recommended by Warne et al. (2015), only the ecotoxicity data for
the more sensitive group of organisms (in this case, arthropods) were used in calculating the PGVs.
In cases like these where the SSD uses the most sensitive species from a single phylum, the
requirement for data representing at least four taxonomic groups is offset by the need to obtain a
good fit of the SSD and reliable PGVs. This is acceptable provided that this criterion (i.e. at least five
species belonging to at least four phyla) is still met for the entire dataset for the chemical (the more
and less sensitive groups combined), and only if all the data of the same type as those used to derive
the PGVs (in this case, chronic, chronic estimated and converted acute data) meet both
requirements (Warne et al. 2015).

There were marine chronic no observed effect concentration (NOEC), no observed effect level
(NOEL), chronic estimated NOEC (chronic LOEC and EC50 toxicity data that had been converted
to estimates of chronic NOEC by dividing by 2.5 and 5, respectively) and converted acute (acute
EC50/LC50 values that were converted to chronic NOEC values by dividing by 10) data values
available for eight species (three arthropods belonging to one phylum and five non-arthropods
belonging to three phyla). Despite meeting the minimum data requirements (i.e. at least five species
belonging to at least four phyla) that usually apply when deriving PGVs using the SSD method, this
marine dataset did not meet the requirements for the modified criterion that applies when using the
most sensitive group of organisms (in this case, arthropods). As no other ecotoxicity data for fipronil
to marine arthropod species were available, the three chronic and chronic estimated NOEC values
for marine arthropod species were combined with the available chronic NOEC and converted acute
values for freshwater arthropod species to derive PGVs for fipronil in marine waters.

There were chronic NOEC/NOEL, chronic estimated NOEC and converted acute data available for
28 marine and freshwater arthropod species belonging to one phylum (Arthropoda) and four classes
(Branchiopoda, Insecta, Malacostraca and Maxillopoda) (Table 3). The entire marine and freshwater
dataset for fipronil (that included chronic NOEC/NOEL, chronic estimated and converted acute
converted acute data) consisted of 45 arthropod (n = 28) and non-arthropod (n = 17) species that
belonged to five phyla and nine classes, which successfully met the modified criterion that applies
when using the most sensitive group of organisms to derive PGVs (i.e. at least five species belonging
to at least four phyla). Therefore, as per Warne et al. (2015), it was acceptable to derive PGVs using
the chronic NOEC/NOEL, chronic estimated NOEC and converted acute data values for the 28
marine and freshwater arthropod species despite belonging to only one phylum (Warne et al. 2015).
The number of species and taxa in the toxicity data used to derive the PGVs (Table 12) combined
with the good fit of the distribution to these toxicity data (Figure 10) resulted in a moderate reliability
set of PGVs. The combination of freshwater and marine ecotoxicity data reduces the reliability
classification of PGVs as per Warne et al. (2015). A summary of the toxicity data (one value per
species) used to calculate the PGVs for imidacloprid in freshwater environments is provided in Table
13.
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Table 13 Summary of the single toxicity value for each arthropod species that was used to derive the proposed aquatic
ecosystem protection guideline values for fipronil in marine waters. Data are arranged in alphabetical order of the test
species.

Media

Fresh

Fresh

Fresh

Fresh

Marine

Marine

Fresh

Fresh

Fresh

Fresh

Fresh

Fresh

Fresh

Fresh

Taxonomic

group

Micro

Macro

Macro

Macro

Macro

Micro

Macro

Macro

Macro

Macro

Macro

Macro

Macro

Macro

Species

Acanthocyclops robustus

Aedes aegypti*

Aedes albopictus HAmAal
strain*

Aedes taeniorhynchus

Americamysis bahia

Amphiascus tenuiremis

Anopheles quadrimaculatus

Baetis tricaudatus

Ceriodaphnia dubia*

Chaoborus crystallinus

Chironomus annularius

Chironomus crassicaudatus

Culex nigripalpus

Culex quingefasciatus*

Class

Maxillopoda

Insecta

Insecta

Insecta

Malacostraca

Maxillopoda

Insecta

Insecta

Branchiopoda

Insecta

Insecta

Insecta

Insecta

Insecta

Life stage

Not stated
Fourth instar
larvae

First and
fourth instar
larvae

Fourth instar
larvae

<24 hour

Life cycle /
Nauplii stage
|

Fourth instar
larvae

Not stated

Neonate
(<24 hour)

Larvae

Larvae
Fourth instar
larvae

Fourth instar
larvae

First and
fourth instar

Duration

CEVS)

28

127 17

Type!

Converted acute

Converted acute

Converted acute

Converted acute

Chronic est. NOEC

Chronic NOEL

Converted acute

Converted acute

Chronic NOEC

Converted acute

Converted acute

Converted acute

Converted acute

Converted acute

Toxicity

endpoint

Mortality

Mortality

Mortality

Mortality

Mortality

Mature to adult,
egg production

Mortality

Mortality

Fecundity,
brood size

Mortality

Mortality

Mortality

Mortality

Mortality

Toxicity
value Reference
(Hg/L)
Chaton et al.
849 (2002

0.32 Ali et al. (1998)

1.36 Ali et al. (1998)

0.043 Ali et al. (1998)
0.0034 USEPA (2015b)

Chandler et al.

0.16 (2004)

0.043 Ali et al. (1998)

oou \gfziftc(’;oig?

10 \(/;/gzcg? etal.
64.63 (ngaétg)n etal.
0.24 (ngagg)n etal.

0.042  Alietal. (1998)

0.087  Alietal. (1998)

0.58 Alj et al. (1998)
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Fresh

Fresh

Fresh

Fresh

Fresh

Fresh

Fresh

Fresh

Marine

Fresh

Fresh

Fresh

Fresh

Fresh

Macro

Micro

Macro

Macro

Macro

Macro

Macro

Macro

Macro

Macro

Macro

Macro

Macro

Macro

Daphnia magna

Diaptomus castor

Diphetor hageni

Glyptotendipes paripes
Hexagenia sp.

Hyalella azteca

Hydropsyche sp.

Isoperla quinquepunctata

Palaemonetes pugio

Polypedilum nubiferum*

Procambarus clarkii

Procambarus zonangulus

Simocephalus elizabethae*

Simulium vittatum

Branchiopoda

Branchiopoda

Insecta

Insecta
Insecta

Insecta

Malacostraca

Insecta

Malacostraca

Insecta

Malacostraca

Malacostraca

Branchiopoda

Insecta

larvae

Life cycle

Not stated

Not stated

Fourth instar
larvae

Nymph

Not stated

Not stated

Not stated

Adult

Fourth instar
larvae

Adult

Not stated

Neonate

Fifth instar
larvae

21

45

Chronic NOEL

Converted acute

Converted acute

Converted acute

Converted acute

Converted acute

Converted acute

Converted acute

Chronic NOEC

Converted acute

Converted acute

Converted acute

Converted acute

Converted acute

Immobilisation

Mortality

Mortality

Mortality
Immobilisation

Mortality

Mortality

Mortality

Survival, weight,
length

Mortality

Mortality

Mortality

Mortality

Mortality

19.84

0.35

0.035

0.042

0.044

0.17

0.21

0.011

0.098

0.15

6.98

1.95

1.25

0.04

USEPA (2015b)

Chaton et al.
(2002)

Weston and
Lydy (2013)
Ali et al. (1998)

USEPA (2015b)
Weston and
Lydy (2013)
Weston and
Lydy (2013)

Weston and
Lydy (2013)

Volz et al. 2003

Stevens et al.
(2011)

Schlenk et al.
(2001);

Overmyer et al.
(2007)

Stevens et al.
(2011)

Overmyer et al.
(2005);
Overmyer et al.
(2007)

1 Macro = macroinvertebrate; Micro = Microinvertebrate. 2 Chronic NOEC/NOEL = no conversions applied; Chroniest.NOEC = chronic LOEC and LC50 values that wee converted

to chronic NOEC values by dviding by 2.5 and 5, respectively Converted acute= acute EC50LC50 values that were comerted to chronic NOEC values by dividing by 10 (Warne et

al. 2015).* Species that originated from/is distributed in Australiaand/or New Zealand.
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3.25

Species sensitivity distribution

The cumulative frequency (species sensitivity) distribution (SSD) of the 28 marine and freshwater,
arthropod species that was used to derive the PGVs is presented in Figure 10.
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Figure 10 Cumulative frequency distribution, generated using Burrlioz 2.0 (2016) of the sensitivity of chronic and chronic
estimated no observed effect concentration (NOEC), no observed effect level (NOEL) and converted acute data values of
marine and freshwater arthropod species to fipronil. Black dashed lines indicate the 95% confidence intervals.
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3.2.6 Distribution of sensitivities for aquatic species: Arthropods vs. non-Arthropods

Statistical analysis of the fipronil ecotoxicity data for freshwater and marine species indicated that
there was no difference in the sensitivities of the two groups. The parametric two-sample t test was
used because the transformed fipronil freshwater and marine concentration data had equal
var i ances (-Febts f1=e0r999% and- followed a normal distribution (Anderson-Darling;
p = 0.120). Results from the two-sample t test test indicated that the two groups were not significantly
different (p = 0.155); therefore, the freshwater and the marine fipronil ecotoxicity data can be pooled
for further analysis.

The toxicity data for fipronil to all freshwater and marine species that passed the screening and
quality assessment schemes were combined to create a larger dataset to determine the modality of
the data. All data that were not chronic NOEC or EC10 values were first converted to this type of
data using the methods recommended by Warne et al. (2015). A natural logarithmic (In)
transformation was then applied to the data to normalise the data. Visual examination of the
histogram of the transformed data indicated that the distribution of the fipronil ecotoxicity data may
be bimodal (Figure 11).
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Figure 11 Histogram of the natural logarithm (In) of all fipronil (freshwater and marine) toxicity data for arthropods and
non-arthropods (n = 45).

The fipronil ecotoxicity data for arthropods and non-arthropods were tested to see if they came from

the same population. To test for significant differences (i,e.p-val ue O 0. 05) bet ween

the parametric two-sample t test was used because the transformed fipronil concentration data had
equal variances (Fisher 6 sTest p = 0.467) and followed a normal distribution (Anderson-Darling;
p = 0.120). Results from the two-sample t test indicated that the two groups were significantly
different (p <0.0001); therefore, it can be concluded that the distribution of the fipronil concentration
data is bi- or multi-modal, with arthropod species being the most sensitive group.
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3.2.7 Rationale for the selected method for deriving the proposed aquatic ecosystem
protection guideline values for fipronil in marine waters

The preference of ecotoxicity data used to derive the protective concentration (PC)? values and/or
PGVs for fipronil to marine species is:

1. chronic NOEC/EC10 ecotoxicity data for arthropods;

2. chronic NOEC/EC10 and chronic estimated NOEC values for arthropods;

3. a combination of chronic, chronic estimated and converted acute ecotoxicity data for
arthropods.

There were marine chronic no observed effect concentration (NOEC) and no observed effect level
(NOEL) data available for six species (three arthropods belonging to one phylum and five non-
arthropods belonging to three phyla) which did not meet the minimum data requirements (i.e. at least
five species belonging to at least four phyla) that usually apply when deriving PCs using the SSD
method, nor the modified criterion that applies when using the most sensitive group of organisms to
derive PCs. As no other ecotoxicity data for fipronil to marine species were available, the three
chronic and chronic estimated NOEC values for marine arthropod species were combined with the
available chronic NOEC/NOEL values for freshwater arthropod species to derive PCs for fipronil in
marine waters.

There were chronic NOEC/NOEL and chronic estimated NOEC data available for five marine and
freshwater arthropod species belonging to one phylum (Arthropoda) and three classes
(Branchiopoda, Malacostraca and Maxillopoda). The entire marine and freshwater dataset for fipronil
(that included chronic NOEC/NOEL and chronic estimated data) consisted of 17 arthropod (n = 5)
and non-arthropod (n=12) species that belonged to five phyla and seven classes, which
successfully meets the modified criterion that applies when using the most sensitive group of
organisms to derive PCs (i.e. at least five species belonging to at least four phyla). Therefore, as per
Warne et al. (2015), it was acceptable to derive PCs using the chronic NOEC/NOEL and chronic
estimated NOEC data values for the 17 marine and freshwater arthropod species despite belonging
to only one phylum (Warne et al. 2015). The resulting SSD and PC values using only this data are
presented in Figure 12 and Table 14, respectively.

3 The values generated from a SSD are termed protective concentration (PC) values (as they are the concentrations that
provide specific levels of protection e.g. PC99, PC95, PC90 and PC80 aim to protect 99, 95, 90 and 80 percent of species,
respectively). Those PC values considered the most appropriate to use for ecosystem protection are adopted as the
proposed PGVs.
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Figure 12 Cumulative frequency distribution, generated using Burrlioz 2.0 (2016) of the sensitivity of chronic and chronic
estimated no observed effect concentration (NOEC) and no observed effect level (NOEL) data values of marine and
freshwater arthropod species to fipronil.

Table 14 Protective concentration values (ug/L) of fipronil for the protection of marine ecosystems generated from the
species sensitivity distribution in Figure 12.

Fipronil protective cpncle:ntratlon Reliability classification2
values (marine)
Percent species Concentration Criterion Result
protection (ng/L)
99% 0.000049 Sample size 5
95% 0.0013 Type of toxicity data Chronic NOEC/NOEL and chronic est_lmated NOEC values
(freshwater and marine)

90% 0.0055 SSD model fit Poor
80% 0.027 Reliability Low

1 Protective concentration values were derived using the Burrlioz 2.0 (2016) software.

2SeeWarneetaI.(2015)fodefinitions of protective concentration

The resulting PC values were considered to be of low reliability (Table 14) according to the methods
of Warne et al. (2015) because the dataset used consisted of chronic NOEC/NOEL and chronic
estimated NOEC values for five species and had a poor fit to the data (Figure 12). However, due to
the fit and shape of the distribution model with the data (and the associated confidence intervals),
there was some level of uncertainty in the estimation of the PC99 and PC95 values.

In response, the ecotoxicity dataset was expanded to also include the chronic NOEC/NOEL, chronic
estimated NOEC (estimated from chronic LOEC and EC/LC50 data*) and converted acute data
(estimated from acute EC50/LC50 data®), resulting in a total of 28 arthropod species from the one
phylum (Table 13). Expanding the dataset markedly improved the fit of the distribution model to the
ecotoxicity data (Figure 10), which subsequently improved the reliability classification of the SSD
model to good and calculated moderate reliability PC values (Table 13), according to Warne et al.
(2015). Statistical methods, including the SSD methods, become more accurate and reliable as the
amount of data available to analyse increases. All these factors combined led to the recommendation
that the PC values derived using the chronic, chronic estimated and converted acute ecotoxicity
(Table 12) data be adopted as the PGVs for fipronil in marine waters.

4 chronic LOEC and EC/LC50 data were converted to chronic estimated NOEC data using the methods stated in Warne
et al. (2015).

5 acute EC/LC50 data were converted to chronic estimated NOEC data using the methods stated in Warne et al. (2015).
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