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[bookmark: _Toc194065595][bookmark: _Toc213755900]Summary
Atrazine (6-chloro-N2-ethyl-N4-isopropyl-1,3,5-triazine-2,4-diamine, CASRN 1912-24-9) is a selective, systemic triazine herbicide, or more specifically a chlorotriazine herbicide. Other chlorotriazine herbicides include propazine, simazine and terbuthylazine. Atrazine is a common photosynthesis-inhibiting herbicide used to control annual broad-leaved weeds and annual grasses in a wide range of crops as well as in non-agricultural settings (e.g. forestry, utilities) (APVMA 2008). 
The previous Australian and New Zealand default guideline values (DGVs) for atrazine in freshwater were considered to be of moderate reliability (ANZECC and ARMCANZ 2000) as they were based on acute toxicity data for 22 species (Warne 2000). There are now considerably more data (acute and chronic) on atrazine toxicity to freshwater species available (i.e., for 118 species), including chronic negligible effect data for 45 phototrophic species (species that photosynthesise, e.g. plants and algae) and 22 heterotrophic species, which has enabled the derivation of improved DGVs compared to those derived in ANZECC and ARMCANZ (2000).
Atrazine has a specific mode of action (inhibition of the photosystem II pathway) and a non-specific mode of action (formation of reactive oxygen species, ROS). The available evidence indicates there is no difference in the sensitivity of phototrophs and heterotrophs. The lowest reported acute toxicity value to freshwater species is 8 µg/L (freshwater microalgae, 24-h NOEC, cell density, Faust et al. 2001). Some chronic biological effects on amphibians (tadpole stage) have been reported at very low (≤ 1 µg/L) atrazine concentrations (Brodeur et al. 2013). However, these effects are often stimulatory, and limitations of the experimental design meant that appropriate toxicity values could not be calculated and, thus, used to derive DGVs.
Very high reliability DGVs for atrazine in freshwater were derived based on chronic 5% effect concentration (EC5), 10% effect concentration (EC10), no observed effect concentration (NOEC) and no observed effect level (NOEL) data for 67 freshwater species belonging to 12 taxonomic groups, and a good fit of the species sensitivity distribution (SSD) to the toxicity data. The DGVs derived here are expressed in terms of the active ingredient (atrazine) rather than commercial formulations. The DGVs relate to atrazine only, and not to its breakdown products. The DGVs for 99, 95, 90 and 80% species protection are 2.1 µg/L, 4.5 µg/L, 7.1 µg/L and 13 µg/L, respectively. The 95% species protection level for atrazine of 4.5 µg/L is recommended for adoption in the assessment of slightly to moderately disturbed ecosystems.
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[bookmark: _Toc213755901]1	Introduction
[image: The chemical structure of atrazine]Atrazine (C8H14ClN5, Figure 1) is a selective, systemic herbicide (BCPC 2012) that belongs to the chlorotriazine group within the triazine family of herbicides. This group also includes propazine, simazine and terbuthylazine. It is the active ingredient of a variety of commercial herbicide formulations. The main degradation products of atrazine are desethylatrazine and desisopropylatrazine (APVMA 2008). At room temperature, atrazine is a colourless powder. Physicochemical properties of atrazine that may affect its environmental fate and toxicity are presented in Table 1.
[bookmark: _Toc213747448][bookmark: _Toc213755915]Figure 1. Structure of atrazine

[bookmark: _Toc213747450][bookmark: _Toc213755917]Table 1. Summary of selected physicochemical properties of atrazine
	Physicochemical property
	Value

	Molecular weight
	215.7 atomic mass unit (amu)1

	Aqueous solubility
	33 mg/L @ pH 7, temperature of 22oC1
35 mg/L @ temperature 20oC2

	Logarithm of the octanol-water partition coefficient (log Kow)
	2.5 @ temperature of 25oC1
2.7 @ pH 7, temperature of 20oC2

	Logarithm of the organic carbon water partition coefficient (log Koc)
	1.59 – 2.341, 22

	Logarithm of the bioconcentration factor (log BCF)
	0.632

	Half-life (t1/2) in water
	14 – 20 days1
105 – >200 days in groundwater1

	Half-life (t1/2) in soil 
	35 – 80 days in whole water-sediment system1
80 days (water-sediment phase)2
16 – 1,174 days, median 38.5 days in the field1
29 – 66 days (in the field and the lab @ 20oC, respectively)2
Longer under dry or cold conditions1, 3


1 BCPC (2012). 2 Pesticide Properties Database (University of Hertfordshire 2023). 3 APVMA (2008).
Review of approved label instructions for atrazine (APVMA, 2021) indicate its application to many crops in Australia including broom millet, lucerne, maize, rye, sorghum and sorghum (saccaline), sweet corn, potatoes, lupin, canola, and cocksfoot, phalaris, and sugar cane. Approved label instructions for non-agricultural uses include the application to pasture, fallow, utilities, infrastructure and timber plantations (APVMA, 2021). In New Zealand, atrazine can be applied to linseed, established lucerne, maize, sweetcorn, and in radiata pine forestry as well as in non-crop applications (ACVM 2021).
Atrazine exhibits moderate solubility in water and is moderately to highly mobile in soils as indicated by its low logarithm of the organic carbon–water partition coefficient (log Koc) value (Table 1). It does not adsorb strongly to soil particles. Therefore, atrazine has a high potential to end up in water, despite its moderate solubility in water. Atrazine is most effective when applied to wet soils and therefore has capacity to leach to groundwater and be transported in surface waters (Graymore et al. 2001). A key factor that controls potential contamination of freshwater ecosystems by atrazine is the potential for surface runoff from land where atrazine has been applied, and particularly after heavy rain events (APVMA 2008). Atrazine has been detected in surface waters in every Australian state and the Northern Territory (e.g., Australian Pesticides Map 2021; Kookana et al. 1998; Water Quality and Investigations 2020). Between 2011 and 2015 atrazine was detected in approximately 70% of surface water samples in catchments monitored as part of the Great Barrier Reef Catchment Loads Monitoring Program (based on data in Garzon-Garcia et al. 2015; Turner et al. 2012, 2013; Wallace et al. 2014, 2015, 2016). It was also detected in all of the 22 freshwater wetlands in Queensland studied by Vandergragt et al. (2020). Atrazine has a moderately short half-life (t1/2) of 35 to 80 days in water-sediment systems (Table 1). The primary breakdown route of atrazine is via chemical hydrolysis, followed by degradation by soil microorganisms (APVMA 2008). The main degradation products of atrazine are desethylatrazine and desisopropylatrazine, both of which have also been widely detected in Australian surface waters. For example, desethylatrazine was the sixth most frequently detected pesticide in waterways discharging to the Great Barrier Reef between July 2011 and June 2015 (Warne et al. 2020).
The previous Australian and New Zealand DGV for atrazine in freshwater environments was a moderate reliability value (using the ANZECC and ARMCANZ 2000 reliability scheme) as it was based on acute toxicity data for 22 phototrophic and heterotrophic species (Warne 2001). More data on atrazine chronic toxicity to freshwater species are now available, which has enabled the derivation of improved DGVs compared to the ANZECC and ARMCANZ (2000) DGVs. This technical brief provides revised DGVs for atrazine in freshwater that supersede the ANZECC and ARMCANZ (2000) DGVs.

[bookmark: _Toc213755902]2	Aquatic toxicology
2.1 [bookmark: _Ref110518240][bookmark: _Toc213755903]Mechanisms of toxicity
Atrazine is absorbed by plants principally through their roots. It is also absorbed through the foliage. It is then translocated acropetally (i.e. upwards from the base of plants to the apex) in the xylem and accumulates in the apical meristems and the leaves (BCPC 2012). Atrazine is toxic to aquatic plants and algae because it inhibits electron transport in the photosystem II (PSII) complex (University of Hertfordshire 2023). Electron transport is a key process in photosynthesis that occurs in the thylakoid membranes of chloroplasts. Photosynthesis inhibiting herbicides bind to the plastoquinone B (QB) protein binding site on the D1 protein in PSII. This prevents the transport of electrons to synthesise adenosine triphosphate (ATP, used for cellular metabolism) and nicotinamide adenine dinucleotide phosphate (NADPH, used in converting [CO2] to glucose), and, therefore, prevents CO2 fixation (Wilson et al. 2000).
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 (O=O), superoxide (O2-) and hydrogen peroxide (H2O2) (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 (species that photosynthesise, e.g. macrophytes, diatoms, algae), ROS are formed when the absorbed light energy exceeds the ability to convert CO2 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 stressors (e.g. disease) and/or abiotic stressors (e.g. PSII inhibiting herbicides), can cause irreversible cell damage and ultimately lead to cell death (apoptosis). In heterotrophic organisms, atrazine increases expression of biomarkers for oxidative stress (e.g. Lee et al. 2017; Paulino et al. 2012).
Atrazine can also exert biochemical effects in other non-target organisms. It is known to cause endocrine disrupting effects (Mnif et al. 2011). For example, atrazine reportedly inhibits the production of testosterone and induces estrogen production in vertebrates (Deb 2005). Atrazine is classed as a Category 1 potential endocrine disruptor by the European Union, based on there being ‘more or less comprehensive evidence’ of endocrine-disrupting effects in exposed organisms (NIH 2023). Category 1 listed substances come under greater scrutiny with regards to regulation and, potentially, prohibition (ECHA 2023). However, the Warne et al. (2018) DGV derivation method does not explicitly consider endocrine disruption because it does not allow for the inclusion of endpoints that do not have demonstrated ecological relevance (e.g. biochemical endpoints), which is often the case in studies of endocrine disruptors. Nevertheless, effects on ecologically relevant endpoints that can potentially be affected by endocrine disruption, such as reproduction, development and growth, are considered in DGV derivation. Endocrine disrupting effects were not considered in the derivation of the DGVs for atrazine.
2.2 [bookmark: _Toc213755904]Toxicity
There were toxicity data for 118 freshwater species that passed the screening and quality assessment processes. These consisted of 73 freshwater phototrophic species and 45 freshwater heterotrophic species. The phototrophic species consisted of 21 diatoms, 23 green microalgae, one cryptomonad (a genus of algae with two flagella), 11 blue-green algae (cyanobacteria), one protozoan and 16 macrophytes. The 45 heterotrophic species consisted of one fungi, one water mite, 12 crustaceans, one springtail,4 three insects, 14 fish, nine amphibians, three molluscs and one rotifer.
Although the available data indicate that heterotrophic species as a group are less sensitive than phototrophic species, there is substantial overlap in the sensitivities (Appendix B). The majority of the freshwater heterotrophic species (44 of the 45) had toxicity values that lay within the range of the freshwater phototrophic species, albeit typically in the more tolerant half of the phototrophic species’ range. The single heterotrophic species for which toxicity data fell outside the range of phototrophic toxicity data was for the freshwater zebrafish Danio rerio (14-day NOEC, mortality of 2,329,344 µg/L) (Corvi et al. 2012).
There do not appear to be differences in the sensitivity of the six types of freshwater phototrophs to atrazine, although this comparison is limited by the large range of toxicity values for some taxa of phototrophs and the limited number of species for other taxa. Toxicity values for diatoms ranged from 2.75 µg/L (96-h EC10, population growth) for Fragilaria crotonensis (Larras et al. 2014) to 14,943 µg/L (96-h EC50, population growth) for Nitzschia palea (Larras et al. 2013). For green microalgae, values ranged from 0.025 µg/L (11-d EC50, cell density) for Chlorella vulgaris (Burrell et al. 1985) to 79,000 µg/L (72-h EC50, growth rate) for Scenedesmus subspicatus (USEPA 2015). For cyanobacteria (blue-green algae), values ranged from 0.1 µg/L (7-w LOEC, cell density and 5-d LOEL, growth rate, respectively) for both Aphanocapsa sp. and Anabaena flosaquae (Pannard et al. 2009; USEPA 2015) to 5,360 µg/L (96-h EC50 growth inhibition) for Gloeocapsa alpicola (Maule and Wright 1984). Toxicity values for macrophytes ranged from 0.001 µg/L (14-d EC50, dry weight) for Elodea canadensis (McGregor et al. 2008) to 1,036,060 µg/L (24-h EC50, dry weight) for Iris pseudacorus (Wang et al. 2014).
Atrazine toxicity values for heterotrophic species ranged from 0.011 µg/L (8-d LOEC, abundance) for the fungi Batrachochytrium dendrobatidis (McMahon et al. 2013) to 2,329,344 µg/L (14-d NOEC, mortality) for the fish D. rerio (Corvi et al. 2012). Fungi toxicity values ranged from 0.011 µg/L (8-d LOEC, abundance) to 106 µg/L (1-2w LOEC, abundance) for B. dendrobatidis (McMahon et al. 2013). A 42-d LOEC of 25 µg/L (abundance) has been reported for the water mite Hydracarina sp. (Choung et al. 2013). For crustaceans, toxicity values ranged from 25 µg/L (42-d LOEC, abundance) for the copepod Cyclopoida sp. (Choung et al. 2013) to 214,500 µg/L (48-h LC50) for the crayfish Pacifastacus leniusculus (Velisek et al. 2013). A 7-d LC50 of 33,400 µg/L has been reported for the springtail Proisotoma minuta (Park and Lees 2005). For insects, toxicity values ranged from 110 µg/L (48-h EC50, immobilization) for Chironomus tentans (USEPA 2015) to 1,000 µg/L for two species, Chironomus riparius (48-h LC50) (Johnson 1986) and C. tentans (48-h NOECs, immobilization and mortality) (Anderson 2006). For fish, toxicity values ranged from 19 µg/L (113-d NOEC, body weight) to 2,329,344 µg/L (14-d NOEC, mortality) both for the zebrafish D. rerio (Corvi et al. 2012). For amphibians, toxicity values ranged from 200 µg/L (200-d LOEC, development) to 27,160 µg/L (4-d LC50) both for Rhinella arenarum (Brodeur et al. 2013). For molluscs, toxicity values ranged from 100 µg/L (14-d LOEC, hatching rate) to 30,000 µg/L (14-d NOEC, post-hatch weight) both for Marisa cornuarietis (Sawasdee and Kohler 2009). Finally, atrazine toxicity values for the rotifer Brachionus calyciflorus ranged from 80 µg/L (7-d NOEC, reproduction) to 39,200 µg/L (24-h LC50) (Lu et al. 2012).
For mixotrophic species, a 5-d NOEC (with approximate 15% effect) of 106 µg/L (cell density) was reported for the protozoan Cryptomonas ovata, while no significant toxicity was reported for the protozoan Euglena gracilis (5-day cell density) up to the highest concentration tested of 1159 µg/L (Lockert et al. 2006).
[bookmark: _Toc213755905]3	Factors affecting toxicity
As with many organic chemicals, it might be expected that dissolved and particulate organic matter and suspended solids would affect atrazine bioavailability and toxicity. However, any such effect would be relatively minor given the log Koc value of atrazine (Table 1). A major review by Knauer et al. (2016) concluded that suspended solids did not significantly affect the toxicity and bioavailability of a range of pesticides including atrazine to aquatic species. A series of studies on the effect of suspended solids on the toxicity of atrazine to Australian freshwater heterotrophs (i.e., two cladocerans (Ceriodaphnia cf. dubia and Daphnia carinata), a shrimp (Paratya australiensis), a midge (Chironomus tepperi) and a fish (Melanotaenia fluviatilis) (Phyu et al. 2004; 2005a, 2005b; 2008; 2013) concluded that the presence of suspended solids did not significantly affect the toxicity and bioavailability of atrazine. The presence of dissolved organic matter also did not decrease the toxicity of atrazine to periphyton communities (Nikkilä et al. 2001). Thus, the available evidence indicates that the binding of atrazine to suspended solids or dissolved organic matter would not influence toxicity to phototrophic and heterotrophic species. 
As noted in section 2.1, one of the modes of action of atrazine in phototrophs is to increase the formation of ROS. Given that the formation of ROS is dependent on light intensity, it is plausible that increased turbidity (e.g. from increased suspended solids) could lead to a decrease in atrazine toxicity. Wilkinson et al. (2015) examined the combined effects of diuron, another PSII-herbicide, and light intensity to the seagrass Halophila ovalis and found that the interaction was sub-additive (antagonistic) at low light intensity, additive at saturating light intensity and additive or synergistic at elevated light intensity (Wilkinson et al. 2015). Wilkinson et al. (2017) also found that water temperatures greater or less than the thermal optima for H. ovalis tended to exert sub-additive effects when combined with diuron. However, these sub-additive effects were still greater than the effect of each stressor alone. As diuron and atrazine are both PSII herbicides, it is quite likely that the toxicity of atrazine will also be affected by light intensity and by water temperature, although quantitative relationships that demonstrate this have not been developed.
[bookmark: _Toc213755906]4	Default guideline value derivation
The DGVs were derived in accordance with the method described in Warne et al. (2018) and using Burrlioz 2.0 software.
4.1 [bookmark: _Toc213755907]Toxicity data used in derivation 
To obtain toxicity data for atrazine to freshwater organisms, an extensive search of the scientific literature was conducted. In addition, the databases of the USEPA ((USEPA 2015), 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 sufficient atrazine chronic toxicity data available, including for phototrophic species (species that photosynthesise, e.g. plants and algae) and heterotrophic species, to enable the derivation of DGVs in freshwater based on chronic toxicity alone (Appendix A). All the toxicity data used to calculate the DGVs were determined from experiments using technical or higher grades of atrazine or with a minimum purity of 80% active ingredient (Warne et al. 2018).
Normally, species classified only to the level of genus (e.g. Chlorella sp.) are not used in the DGV derivation process, as species specificity is required. The use of such data in DGV 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 are 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 DGVs. In deriving the DGVs for atrazine in freshwater, toxicity data for Egeria sp., Hydracarina sp. and Oophila sp. were included as no other toxicity data for these genera were available.
In total, there were freshwater toxicity data for 118 species (12 phyla and 22 classes) that passed the screening and quality assessment processes. The represented phyla were Arthropoda, Bacillariophyta, Charophyta, Chlorophyta, Chordata, Chytridiomycota, Cryptophyta, Cyanobacteria, Euglenophyta, Mollusca, Rotifera and Tracheophyta. The 22 classes were Actinopterygii (which account for approximately 99% of fish), Amphibia (tetrapod vertebrates), Arachnida (a grouping of joint-legged invertebrates), Bacillariophyceae (diatoms; a major grouping of algae), Branchiopoda (a grouping of crustaceans), Chlorophyceae (a major grouping of freshwater green algae), Chytridiomycetes (a class of fungi), Conjugatophyceae (a class of green algae), Cryptophyceae (an algae grouping), Cyanophyceae (a class of cyanobacteria), Entognatha (a class of arthropods), Euglenophyceae (a grouping of unicellular flagellates), Eurotatoria (a class of rotifers), Gastropoda (a grouping of molluscs), Insecta (invertebrates), Liliopsida (monocots), Magnoliopsida (dicots), Malacostraca (a larger grouping of crustaceans), Maxillopoda (another large grouping of crustaceans), Mediophyceae (another algae grouping), Trebouxiophyceae (another grouping of green algae) and Ulvophyceae (another class of green algae). Chronic toxicity data were available for 98 of the 118 species, comprising 72 phototrophic and 26 heterotrophic species, while acute toxicity data were available for 21 species, comprising two phototrophic and 19 heterotrophic species.
While atrazine does have a specific mode of action that targets phototrophs (inhibition of the photosystem II pathway), it is also has a non-specific mode of action (formation of reactive oxygen species, ROS). Reflecting this, there was no evidence of a difference in the sensitivity of phototrophs and heterotrophs to atrazine (Appendix B). The weight of evidence indicated that the sensitivity of freshwater species to atrazine is unimodal, and therefore, all the available appropriate quality data were used to derive the DGVs, as recommended by Warne et al. (2018).
There were two amphibian toxicity studies (Brodeur et al. 2013 and Gutierrez 2007) that were originally assessed as generating NOEC values of 0.1 µg/L for R. arenarum and 1.32 µg/L for Xenopus laevis. These values passed the screening and quality assessment processes but were examined more closely as they were the two most sensitive values, despite not belonging to the target species for atrazine. Closer examination revealed that in both publications the concentration-response relationships were non-monotonic or ‘S-shaped’; rather the relationships were either ‘U-’ or ‘W-’ shaped. In such concentration-response relationships, stimulation of one or more biological effects occurs at low toxicant concentrations followed by inhibitory effects at higher toxicant concentrations, a phenomenon referred to as hormesis (Calabrese, 2009). Another limitation of these data was that it was not straightforward to determine whether the observed stimulatory responses (i.e., time to metamorphosis, development rate, length and mass at metamorphosis) were deleterious or beneficial at the population or community level of biological organisation. For example, Brodeur et al. (2013) presented evidence and concluded that reduced development time and increased mass at metamorphosis could be both beneficial and deleterious. Thus, a decrease in time to metamorphosis and an increase in mass at metamorphosis were not considered to be deleterious effects. It is important to determine whether such endpoints are beneficial or deleterious, as the inclusion of toxicity data based on stimulatory responses may result in overly conservative (i.e., smaller) DGVs.
Another feature of the data reported by Brodeur et al. (2013) and Gutierrez (2007) was that only the highest atrazine concentration tested resulted in effects that would normally be considered deleterious. Given that the preceding concentration relationship was either ‘U-’ or ‘W-’ shaped, it was not possible to predict the relationship at higher atrazine concentrations. These complex concentration-response relationships also prevented NOEC and LOEC values from being determined. A NOEC is defined as the ‘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’; while the definition of a LOEC is ‘The lowest concentration of a chemical used in a toxicity test that has a statistically significant (p ≤ 0.05) effect compared to the controls’ (refer to the Glossary). All concentrations higher than the LOEC should also cause statistically significant effects. Hence, LOEC and NOEC values could not be determined for the data from Gutierrez (2007), which led to the exclusion of this study from the DGVs derivation for atrazine in freshwater. In contrast, Brodeur et al. (2013) included some LC/EC10 and LC/EC50 data, of which the former were included in the dataset used to derive the DGVs for atrazine in freshwater.
Additionally, a study by McGregor et al. (2008) reported very low EC10 values (4.8 × 10-10 µg/L and 0.006 µg/L) for the macrophyte E. canadensis. These values passed the screening and quality assessment processes but were examined more closely as they were the two most sensitive values in the entire dataset for atrazine. After discussing with the author, the two data points from the paper were rejected as they are several orders of magnitude lower than any other value reported in the same paper, while the EC10 value of 4.8 x 10-10 µg/L is 230,000 times more sensitive than the next lowest toxicity value in the literature. In addition, these concentrations were not measured. While these EC10 values were rejected, other data from the paper were deemed suitable and were considered for inclusion in the final dataset used to derive the DGVs.
In calculating the single toxicity values for each species, different Gosner stages of tadpoles of the frog R. arenarum were treated as being the same (i.e. if data for two or more gosner stages with the same endpoint were available, they were all used to a calculate geometric mean). Also, a toxicity value for Arthrospira sp. from Lockert et al. (2006) was not included in the derivation as the information provided was insufficient to determine a reliable negligible effect value.
Warne et al. (2018) present a toxicity data hierarchy that recommends the exclusion of NOEC/NOEL values where there are sufficient (e.g., ≥8) NEC and/or EC05/EC10 type values. However, for atrazine, both the NOEC/NOEL and EC05/EC10 toxicity were included, for two reasons. Firstly, most of NOEC/NOEL toxicity values for species that did not have EC05/EC10 values were lower than the available EC05/EC10 values (Appendix A), suggesting that the EC05/EC10 values may not capture the full range of species’ sensitivities. Secondly, there were only 18 EC05/EC10 values compared to 50 NOEC/NOEL values. Therefore, inclusion of the NOEC/NOEL values would mean the SSD and DGVs would be derived using 67 toxicity values, providing increased confidence in the SSD and associated DGV calculations. Consequently, the final dataset included chronic EC5, EC/LC10, NOEC and NOEL values for 67 species (45 phototrophs and 22 heterotrophs) belonging to 12 taxonomic groups, which exceeded the minimum data requirements (i.e., at least five species belonging to at least four taxonomic groups) to use an SSD to derive DGVs (Warne et al. 2018). A summary of the toxicity data (one value per species) used to derive the DGVs for atrazine in freshwater environments is provided in Table 2. Further details of the water quality parameters for each single species value used to calculate the DGVs are presented in Appendix A. Details of the data quality assessment and the data that passed the quality assessment are provided as supporting information.
[bookmark: _Toc37835812][bookmark: _Toc213747451][bookmark: _Toc213755918]Table 2 Summary of the chronic toxicity values used to derive guideline values for atrazine (freshwater)
	Taxonomic group
	Species
	Life stage
	Duration (days)
	Toxicity measure a (endpoint)
	Final toxicity value (µg/L)

	Fungus
	Batrachochytrium dendrobatidisb
	Not stated
	7-14
	NOEC 
(Abundance)
	58

	Cyanobacterium
	Anabaena flos-aquae
	Not stated
	2
	NOEC / EC10
(Cell density)
	29.1f

	
	Pseudanabaena galeata
	Not stated
	4
	NOEC
(Cell density)
	3

	
	Synechococcus sp.
	Exponential growth phase
	5
	NOEC
(Cell density)
	10.4

	Protozoan
	Cryptomonas ovata
	Exponential growth phase
	5
	NOEC
(Cell density)
	106

	
	Euglena gracilisb
	Exponential growth phase
	5
	NOEC
(Cell density)
	1159

	Green microalga
	Ankistrodesmus falcatusb
	Exponential growth phase
	5
	NOEC
(Cell density)
	10.4

	
	Chlamydomonas eugametosb
	Not stated
	2
	NOEC
(Cell number)
	21.6

	
	Chlamydomonas mexicana
	Not stated
	4–14 
	NOEC
(Dry weight, chlorophyll-a concentration)
	10f

	
	Chlamydomonas reinhardtii b
	Exponential growth phase
	4
	NOEC
(Cell counts)
	3.4

	
	Chlorella saccharophila
	Not stated
	5
	NOEC
(Cell density)
	5

	
	Chlorella vulgarisc
	Exponential growth phase
	5
	NOEC
(Cell density)
	10.4

	
	Oophila sp.
	Exponential growth phase
	4
	NOEC / EC10
(Cell number, cell density)
	86.7f

	
	Pithophora oedogoniab
	Exponential growth phase
	7
	NOEC
(Fresh weight)
	25

	
	Pseudokirchneriella subcapitatad
	Exponential growth phase
	32
	NOEC
(Chlorophyll-a concentration)
	4.38

	
	Scenedesmus acutusb
	Not stated
	4
	NOEC
(Cell density)
	3

	
	Scenedesmus subspicatusb
	Exponential growth phase
	3
	NOEC
(Cell counts)
	22

	
	Staurastrum cristatumb
	Exponential growth phase
	5
	NOEC
(Cell density)
	10.4

	Diatom
	Achnanthidium minutissimumb
	Not stated
	4
	EC5 / EC10e
(Chlorophyll-a concentration)
	218f

	
	Craticula accomodab
	Not stated
	4
	EC5 / EC10e
(Chlorophyll-a concentration)
	1,050f

	
	Cyclotella meneghinianab
	Exponential growth phase
	5
	NOEC
(Cell density)
	10.4

	
	Encyonema silesiacumb
	Not stated
	4
	EC10
(Chlorophyll-a concentration)
	3,640

	
	Eolimna minimab
	Exponential growth phase
	4
	EC5
(Chlorophyll-a concentration)
	1,440

	
	Fistulifera saprophilab
	Not stated
	4
	EC10
(Chlorophyll-a concentration)
	1,340

	
	Fragilaria capucina var vaucheriaeb
	Not stated
	4
	EC5 / EC10e
(Chlorophyll-a concentration)
	234f

	
	Fragilaria crotonensisb
	Not stated
	4
	EC10
(Chlorophyll-a concentration)
	2.75

	
	Fragilaria rumpensb
	Not stated
	4
	EC5 / EC10e
(Chlorophyll-a concentration)
	91.4f

	
	Fragilaria ulnab e
	Not stated
	4
	EC5 / EC10e
(Chlorophyll-a concentration)
	108f

	
	Gomphonema clavatumb
	Not stated
	4
	EC10
(Chlorophyll-a concentration)
	2,690

	
	Gomphonema cleveib
	Not stated
	2
	NOEC
(Percentage of healthy cells)
	50

	
	Gomphonema parvulum
	Not stated
	4
	EC5 / EC10e
(Chlorophyll-a concentration)
	698f

	
	Mayamaea fossalis
	Not stated
	4
	EC5 / EC10e
(Chlorophyll-a concentration)
	2,070f

	
	Navicula pelliculosab
	Not stated
	2
	EC10
(Cell density)
	16.3f

	
	Nitzschia paleab
	Exponential growth phase
	5
	NOEC
(Cell density)
	106

	
	Sellaphora minima
	Not stated
	4
	EC10
(Chlorophyll-a concentration)
	2,660f

	Macrophyte
	Egeria sp.
	Not stated
	14
	NOEC
(Length, weight)
	150

	
	Elodea canadensisb
	Not stated
	14
	EC10
(Root dry weight)
	5.66f

	
	Iris pseudacorus
	Not stated
	20–35
	NOEC
(Dry weight)
	2,000f

	
	Juncus effususb
	Not stated
	8–94
	NOEC
(Shoot number, shoot length)
	192f

	
	Lemna gibba
	Not stated
	14
	NOEL
(Frond number, dry weight, frond area)
	13.4f

	
	Lemna minorb
	Not stated
	4
	NOEC / EC10
(Dry mass)
	16.4f

	
	Myriophyllum aquaticumb
	Not stated
	10
	NOEC
(Fresh weight)
	28.3f

	
	Myriophyllum sibiricum
	Not stated
	14
	NOEC
(Dry weight, chlorophyll-a, root length)
	498f

	
	Myriophyllum spicatum
	Not stated
	28
	EC10
(Root dry weight)
	8.85f

	
	Potamogeton perfoliatusb
	Not stated
	28
	NOEC
(Wet and dry weight)
	42

	
	Stuckenia pectinatab
	Not stated
	28
	NOEC
(Dry weight)
	11.9f

	Rotifer
	Brachionus calyciflorusb
	<4 hours (newly hatched neonate)
	7
	NOEC
(Egg production)
	80

	Insect
	Coenagrion puella
	Larvae
	7
	NOEC
(Wet mass)
	200

	Crustacean
	Ceriodaphnia cf. dubiab
	Neonate
	7-8
	NOEC
(Neonate production)
	689f

	
	Daphnia magna
	Life cycle
	21
	NOEL
(Immobilisation)
	140

	
	Eurytemora affinis
	Not stated
	8
	NOEC
(Mortality)
	7,170f

	
	Gammarus lacustris
	Life cycle
	30
	NOEL
(Immobilisation)
	60

	
	Pseudosida ramosa
	Neonate
	21
	NOEC
(Eggs per female, live neonates produced)
	283f

	Gastropod
	Marisa cornuarietis
	Embryo
	10
	NOEC
(Hatching rate %)
	1,000

	
	Stagnicola elodes
	Juvenile/Adult
	70
	NOEC
(Size, survival, number of eggs per mass, number of eggs)
	101

	Fish
	Danio rerio
	Not stated
	28
	NOEC
(Wet weight)
	30

	
	Lepomis macrochirus
	Life cycle
	90
	NOEL
(Mortality)
	95

	
	Pimephales promelas
	Adult
	21
	NOEC
(Mortality)
	43.6

	
	Salvelinus fontinalisb
	Life cycle
	44 weeks
	NOEL
(Mortality)
	65

	Amphibian
	Acris crepitans
	Larvae
	63
	NOEC
(Dry weight)
	30

	
	Ambystoma maculatum
	Embryo
	66
	NOEC
(Body length, hatching success, time to hatch)
	338

	
	Bufo americanus
	Gosner stage 25
	7-21
	NOEC
(Body mass)
	800

	
	Hyla versicolor
	Larvae
	6 weeks
	NOEC
(Snout/vent length, body mass)
	20.1

	
	Lithobates pipiensg
	Larvae
	138
	NOEC
(Mortality)
	192

	
	Lithobates sylvaticah
	Larvae
	50
	NOEC
(Snout/vent length, wet weight, dry weight)
	600

	
	[bookmark: _Hlk126225841]Rhinella arenarum
	Gosner 4, Gosner 25, Gosner 38–39
	21
	LC10
(Mortality)
	3,060f

	
	Xenopus laevis
	96-hour post-hatch
	730
(2 years)
	NOEC
(Reproduction)
	24.8


a Chronic EC5/EC10/NOEC/NOEL = no conversions applied (Warne et al. 2018). 
b Species that originated from/are distributed in Australia and/or New Zealand.
c Formerly known as Chlorella pyrenoidosa. 
d Formerly known as Raphidocelis subcapitata and Selenastrum capricornutum. 
e Formerly known as Ulnaria ulna. 
f This value is the geometric mean of an EC10 value and an EC5 value. 
g Formerly known as Rana pipiens.
h Formerly known as Rana sylvaticus.

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 atrazine in freshwater (Table 2) includes toxicity data for 67 freshwater species, representing almost 50% of the dataset, that either originated from or are distributed within Australia and/or New Zealand.
4.2 [bookmark: _Toc213755908]Species sensitivity distribution
The cumulative frequency (species sensitivity) distribution (SSD) of the chronic toxicity data for 67 freshwater phototrophic and heterotrophic species that was used to derive the DGVs for atrazine in freshwater is presented in Figure 2. The model was judged to provide a good fit to the data (Figure 2).
[image: This species sensitivity distribution for atrazine in freshwater shows a good fit to the data. The graph shows that a cyanobacterium and green microalga are the most sensitive and a frog the least sensitive when exposed to atrazine in freshwater]
[bookmark: _Toc213747449][bookmark: _Toc213755916]Figure 2. Species sensitivity distribution of atrazine in freshwater

4.3 [bookmark: _Toc213755909]Default guideline values
[bookmark: _Ref507163051]It is important that the DGVs (Table 3) and associated information in this technical brief are used in accordance with the detailed guidance provided in the Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG 2018). 
The derived Australian and New Zealand Default Guideline Values (DGVs) for atrazine in freshwater are provided in Table 3. As with all the other pesticides, the DGVs for atrazine are expressed in terms of the concentration of the active ingredient. The DGVs relate to atrazine only, and not its breakdown products. The 95% species protection DGV of 4.5 µg/L is recommended for application for slightly to moderately disturbed ecosystems.
Measured log BCF values for atrazine are low (Table 1) and below the threshold at which secondary poisoning must be considered (i.e. threshold log BCF = 4, Warne et al. 2018). Therefore, the DGVs for atrazine do not need to account for secondary poisoning.
[bookmark: _Toc213747452][bookmark: _Toc213755919]Table 3 Toxicant default guideline values for atrazine with very high reliability
	Level of species protection (%)
	DGV for atrazine in freshwater (µg/L) a

	99
	2.1

	95
	4.5

	90
	7.1

	80
	13


a Guideline values were derived using the Burrlioz 2.0 software and rounded to two significant figures.
4.4 [bookmark: _Toc213755910]Reliability classification
The atrazine freshwater DGVs have a very high reliability classification (Warne et al. 2018) based on the outcomes for the following three criteria:
· Sample size—67 (preferred)
· Type of toxicity data—freshwater chronic data
· SSD model fit—good (inverse weibull).


[bookmark: _Toc213755911]Glossary and acronyms
	Term
	Definition

	Acute toxicity
	A lethal or adverse sub-lethal effect that occurs as the result of a short exposure period to a chemical relative to the organism’s life span. Refer to Warne et al. (2018) for examples of acute exposures.

	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. 

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

	Chronic toxicity
	A lethal or sublethal adverse effect that occurs after exposure to a chemical for a period of time that is a substantial portion of the organism’s life span or an adverse effect on a sensitive early life stage..

	Default guideline value (Default GV)
	A guideline value recommended for generic application in the absence of a more specific guideline value (e.g. a site-specific guideline value) in the Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Formerly known as ‘trigger values’

	ECx
	The concentration of a substance in water or sediment that is estimated to produce an x% change in the response being measured or a certain effect in x% of the test organisms, under specified conditions.

	EC50 (Median effective concentration)
	The concentration of a substance in water or sediment that is estimated to produce a 50% change in the response being measured or a certain effect in 50% of the test organisms relative to the control response, under specified conditions.

	Endpoint
	The specific response of an organism that is measured in a toxicity test (e.g. mortality, growth, a particular biomarker).

	Guideline value (GV)
	Aa measurable quantity (e.g. concentration) or condition of an indicator for a specific community 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 community value. Guideline values for more than one indicator should be used simultaneously in a multiple lines of evidence approach. (Also refer to default guideline value and site-specific guideline value.).

	LC50 (Median lethal concentration)
	The concentration of a substance in water or sediment that is estimated to be lethal to 50% of a group of test organisms, relative to the control response, under specified conditions.

	LOEC (Lowest observed effect concentration)
	The lowest concentration of a material used in a toxicity test that has a statistically significant adverse effect on the exposed population of test organisms as compared with the controls.

	Mode of action
	A description of how a toxicant exerts its toxicity at a sub-cellular level. This term is used far more frequently in ecotoxicology than the more detailed mechanism of action. 

	NEC (no effect concentration)
	The maximum concentration of a toxicant that causes no adverse effect in a target organism, based on a threshold parameter in a concentration–response model.

	NOEC (No observed effect concentration)
	The highest concentration of a material used in a toxicity test that has no statistically significant adverse effect on the exposed population of test organisms as compared with the controls. 

	NOEL (No observed effect level)
	Synonymous with NOEC.

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

	PSII
	Photosystem II of the photosynthetic biochemical pathway.

	Site-specific guideline value
	A guideline value that is relevant to the specific location or conditions that are the focus of a given assessment or issue.

	Species (biological)
	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.

	Species sensitivity distribution (SSD)
	Species sensitivity distribution. A method that plots the cumulative frequency of species’ sensitivities to a toxicant and fits a 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.

	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 specific level of stimulus (or concentration of chemical) for a specified test period.



[bookmark: _Toc213755912]Appendix A: Chronic toxicity data that passed the screening and quality assessment and were used to derive default guideline values for atrazine in freshwater
[bookmark: _Ref16942648][bookmark: _Ref6322511][bookmark: _Toc32491888][bookmark: _Toc213755924]Table A 1 Summary, chronic toxicity data that passed the screening and quality assurance processes, atrazine in freshwater
	Taxonomic group
	Species
	Life stage
	Exposure duration (days)
	Toxicity estimate
	Endpoint
	Test medium
	Temperature
(o C)
	pH
	Toxicity value
(µg/L)
	Reference

	Fungus
	Batrachochytrium dendrobatidis
	Not stated
	7-14
	NOEC
	Abundance
	Agar growth media
	23
	Not stated
	58
	McMahon et al. (2013)

	Cyanobacterium
	Anabaena flos-aquae
	Not stated
	2
	NOEC
	Cell density
	Purified well water
	24 ± 2
	7.5 ± 0.1
	24.9
	Brain et al. (2012)

	
	
	Not stated
	2
	EC10
	Cell density
	Purified well water
	24 ± 2
	7.5 ± 0.1
	33.9
	Brain et al. (2012)

	
	
	
	
	
	
	
	
	
	29.1
	Geometric mean used in SSD

	Cyanobacterium
	Pseudanabaena galeata
	Not stated
	4
	NOEC
	Cell density
	Growth medium
	24 ± 2
	7.8 – 8.6
	3
	Carrasco and Sabater (1997)

	Cyanobacterium
	Synechococcus sp.
	Exponential growth phase
	5
	NOEC
	Cell density
	Allen’s medium
	21
	Not stated
	10.4
	Lockert et al. (2006)

	Protozoan
	Cryptomonas ovata
	Exponential growth phase
	5
	NOEC
	Cell density
	WC freshwater medium
	21
	Not stated
	106
	Lockert et al. (2006)

	Protozoan
	Euglena gracilis
	Exponential growth phase
	5
	NOEC
	Cell density
	Soil-water extract
	21
	Not stated
	>1159
	Lockert et al. (2006)

	Green microalga
	Staurastrum cristatum
	Exponential growth phase
	5
	NOEC
	Cell density
	WC freshwater medium
	21
	Not stated
	10.4
	Lockert et al. (2006)

	Green microalga
	Ankistrodesmus falcatus
	Exponential growth phase
	5
	NOEC
	Cell density
	WC freshwater medium
	21
	Not stated
	10.4
	Lockert et al. (2006)

	Green microalga
	Chlamydomonas eugametos
	Not stated
	2
	NOEC
	Cell density
	Modified Sager and Granick medium I
	25
	Not stated
	21.6
	Hess (1980)

	Green microalga
	Chlamydomonas reinhardtii
	Exponential growth phase
	4
	NOEC
	Cell counts
	SAG medium
	24 ± 1
	6.2
	3.4
	Schafer et al. (1994)

	Green microalga
	Chlamydomonas mexicana
	Not stated
	10
	NOEC
	Dry weight
	Bold’s basal medium (BBM)
	27
	6.6 – 8.2
	10
	Kabra et al. (2014)

	
	
	Not stated
	14
	NOEC
	Dry weight
	Bold’s basal medium (BBM)
	27
	6.6 – 8.2
	10
	Kabra et al. (2014)

	
	
	Not stated
	4
	NOEC
	Dry weight
	Bold’s basal medium (BBM)
	27
	6.6 – 8.2
	10
	Kabra et al. (2014)

	
	
	Not stated
	14
	NOEC
	Chlorophyll-a concentration
	Bold’s basal medium (BBM)
	27
	6.6 – 8.2
	10
	Kabra et al. (2014)

	
	
	Not stated
	4
	NOEC
	Chlorophyll-a concentration
	Bold’s basal medium (BBM)
	27
	6.6 – 8.2
	10
	Kabra et al. (2014)

	
	
	
	
	
	
	
	
	
	10
	Geometric mean used in SSD

	Green microalga
	Oophila sp.
	Not stated
	4
	NOEC
	Cell density
	Modified Bristol’s medium
	18 ± 1
	6.5
	118
	Baxter et al. (2015)

	
	
	Not stated
	4
	EC10
	Cell density
	Modified Bristol’s medium
	18 ± 1
	6.5
	111
	Baxter et al. (2015)

	
	
	Exponential growth phase
	4
	EC10
	Cell density
	Modified Bristol’s medium
	18 ± 1
	6.5
	103
	Baxter et al. (2014)

	
	
	Exponential growth phase
	4
	EC10
	Cell density
	Modified Bristol’s medium
	18 ± 1
	6.5
	298
	Baxter et al. (2014)

	
	
	Exponential growth phase
	4
	EC10
	Cell density
	Modified Bristol’s medium
	18 ± 1
	6.5
	243
	Baxter et al. (2014)

	
	
	Exponential growth phase
	4
	EC10
	Cell density
	Modified Bristol’s medium
	18 ± 1
	6.5
	72
	Baxter et al. (2014)

	
	
	Exponential growth phase
	4
	NOEC
	Cell density
	Modified Bristol’s medium
	18 ± 1
	6.5
	32
	Baxter et al. (2014)

	
	
	Exponential growth phase
	4
	NOEC
	Cell density
	Modified Bristol’s medium
	18 ± 1
	6.5
	119
	Baxter et al. (2014)

	
	
	Exponential growth phase
	4
	NOEC
	Cell density
	Modified Bristol’s medium
	18 ± 1
	6.5
	31
	Baxter et al. (2014)

	
	
	Exponential growth phase
	4
	NOEC
	Cell density
	Modified Bristol’s medium
	18 ± 1
	6.5
	29
	Baxter et al. (2014)

	
	
	
	
	
	
	
	
	
	86.7
	Geometric mean used in SSD

	Green microalga
	Chlorella vulgarisa
	Exponential growth phase
	5
	NOEC
	Cell density
	WC freshwater medium
	21
	Not stated
	10.4
	Lockert et al. (2006)

	Green microalga
	Pseudokirchneriella subcapitatab
	Exponential growth phase
	32
	NOEC
	Chlorophyll-a concentration
	Guillard’s freshwater enrichment basal salt mixture
	25
	Not stated
	4.38
	Friesen-Pankratz (2004)

	Green microalga
	Scenedesmus acutus
	Not stated
	4
	NOEC
	Cell density
	OECD medium
	24 ± 2
	7.8 – 8.6
	3
	Carrasco and Sabater (1997)

	Green microalga
	Scenedesmus subspicatus
	Exponential growth phase
	3
	NOEC
	Cell counts
	SAG medium
	20 ± 1
	6.2
	22
	Schafer et al. (1994)

	Green microalga
	Chlorella saccharophila
	Not stated
	4
	NOEC
	Cell density
	OECD medium
	24 ± 2
	7.8 – 8.6
	5
	Carrasco and Sabater (1997)

	Green microalga
	Pithophora oedogonia
	Exponential growth rate
	7
	NOEC
	Fresh weight
	Growth medium
	20
	Not stated
	25
	Kish (2004)

	Diatom
	Achnanthidium minutissimum
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	197
	Larras et al. (2013)

	
	
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	409
	Larras et al. (2013)

	
	
	Exponential growth phase
	4
	EC5
	Chlorophyll-a concentration
	DV culture medium
	Not stated
	Not stated
	129
	Larras et al. (2013)

	
	
	
	
	
	
	
	
	
	218
	Geometric mean used in SSD

	Diatom
	Craticula accomoda
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	583
	Larras et al. (2013)

	
	
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	3,765
	Larras et al. (2013)

	
	
	Exponential growth phase
	4
	EC5
	Chlorophyll-a concentration
	DV culture medium
	Not stated
	Not stated
	524
	Larras et al. (2013)

	
	
	
	
	
	
	
	
	
	1,050
	Geometric mean used in SSD

	Diatom
	Encyonema silesiacum
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium
	Not stated
	Not stated
	3,640
	Larras et al. (2013)

	Diatom
	Eolimna minima
	Exponential growth phase
	4
	EC5
	Chlorophyll-a concentration
	DV culture medium
	21 ± 2
	Not stated
	1,440
	Larras et al. (2012)

	Diatom
	Fistulifera saprophila
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium
	21 ± 2
	Not stated
	1,340
	Larras et al. (2014)

	Diatom
	Fragilaria capucina var vaucheriae
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	246
	Larras et al. (2013)

	
	
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	254
	Larras et al. (2013)

	
	
	Exponential growth phase
	4
	EC5
	Chlorophyll-a concentration
	DV culture medium
	Not stated
	Not stated
	205
	Larras et al. (2013)

	
	
	
	
	
	
	
	
	
	234
	Geometric mean used in SSD

	Diatom
	Fragilaria crotonensis
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium
	21 ± 2
	Not stated
	2.75
	Larras et al. (2014)

	Diatom
	Fragilaria rumpens
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	214
	Larras et al. (2013)

	
	
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	17
	Larras et al. (2013)

	
	
	Exponential growth phase
	4
	EC5
	Chlorophyll-a concentration
	DV culture medium
	Not stated
	Not stated
	210
	Larras et al. (2013)

	
	
	
	
	
	
	
	
	
	91.4
	Geometric mean used in SSD

	Diatom
	Gomphonema clavatum
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium
	21 ± 2
	Not stated
	2,690
	Larras et al. (2014)

	Diatom
	Gomphonema clevei
	Not stated
	2
	NOEC
	Growth (% )of healthy cells)
	Bluewater Creek site water
	24 ± 2
	Not stated
	50
	Wood et al. (2016)

	Diatom
	Gomphonema parvulum
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	634
	Larras et al. (2013)

	
	
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	914
	Larras et al. (2013)

	
	
	Exponential growth phase
	4
	EC5
	Chlorophyll-a concentration
	DV culture medium
	Not stated
	Not stated
	588
	Larras et al. (2013)

	
	
	
	
	
	
	
	
	
	698
	Geometric mean used in SSD

	Diatom
	Mayamaea fossalis
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	5,174
	Larras et al. (2013)

	
	
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	358
	Larras et al. (2013)

	
	
	Exponential growth phase
	4
	EC5
	Chlorophyll-a concentration
	DV culture medium
	Not stated
	Not stated
	4,766
	Larras et al. (2013)

	
	
	
	
	
	
	
	
	
	2,070
	Geometric mean used in SSD

	Diatom
	Navicula pelliculosa
	Not stated
	48
	EC11
	Cell density
	Algal assay procedure medium
	24 ± 2
	7.5 ± 0.1
	9.82
	Brain et al. (2012)

	
	
	Not stated
	48
	EC18
	Cell density
	Algal assay procedure medium
	24 ± 2
	7.5 ± 0.1
	46.6
	Brain et al. (2012)

	
	
	Not stated
	48
	EC10
	Cell density
	Algal assay procedure medium
	24 ± 2
	7.5 ± 0.1
	9.52
	Brain et al. (2012)

	
	
	
	
	
	
	
	
	
	16.3
	Geometric mean used in SSD

	Diatom
	Nitzschia palea
	Not stated
	5
	NOEC
	Cell density
	WC freshwater medium
	21
	Not stated
	106
	Lockert et al. (2006)

	Diatom
	Cyclotella meneghiniana
	Exponential growth phase
	5
	NOEC
	Cell density
	WC freshwater medium
	21
	Not stated
	10.4
	Lockert et al. (2006)

	Diatom
	Sellaphora minima
	Exponential growth phase
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	2,096
	Larras et al. (2013)

	
	
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium
	Not stated
	Not stated
	3,365
	Larras et al. (2013)

	
	
	
	
	
	
	
	
	
	2,660
	Geometric mean used in SSD

	Diatom
	Fragilaria ulnac
	Exponential growth phase
	4
	EC5
	Chlorophyll-a concentration
	DV culture medium
	Not stated
	Not stated
	191
	Larras et al. (2013)

	
	
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	255
	Larras et al. (2013)

	
	
	Not stated
	4
	EC10
	Chlorophyll-a concentration
	DV culture medium + vitamins
	21 ± 2
	Not stated
	26
	Larras et al. (2013)

	
	
	
	
	
	
	
	
	
	108
	Geometric mean used in SSD

	Macrophyte
	Egeria sp.
	Not stated
	14
	NOEC
	Length, weight
	ASTM with sediment layer
	25
	Not stated
	150
	Fairchild et al. (1994)

	Macrophyte 
	Iris pseudacorus
	Not stated
	35
	NOEC
	Dry weight
	10% strength Hoagland solution
	20
	7.13– 7.32
	2,000
	Wang et al. (2014)

	
	
	Not stated
	20
	NOEC
	Dry weight
	10% strength Hoagland solution
	20
	7.13 – 7.32
	2,000
	Wang et al. (2014)

	
	
	
	
	
	
	
	
	
	2,000
	Geometric mean used in SSD

	Macrophyte
	Lemna gibba
	Not stated
	14
	NOEL
	Frond number, dry weight, frond area
	M-Hoagland’s or 20X-AAP nutrient media. ASTM Type I water
	25 ± 2
	7.5 ± 0.1
	10
	USEPA (2015)

	
	
	Not stated
	14
	NOEL
	Frond number, dry weight, frond area
	M-Hoagland’s or 20X-AAP nutrient media. ASTM Type I water
	25 ± 2
	7.5 ± 0.1
	18
	USEPA (2015)

	
	
	
	
	
	
	
	
	
	13.4
	Geometric mean used in SSD

	Macrophyte
	Potamogeton perfoliatus
	Not stated
	4 weeks
	NOEC
	Wet and dry weight of stems and leaves
	Filtered brackish (8 - 12‰) water
	21.5 ± 1.5
	Not stated
	42
	Kemp et al. (1985)

	Macrophyte 
	Juncus effusus
	Not stated
	8
	NOEC
	Shoot length
	Spring-fed pond water
	Not stated
	Not stated
	192
	Lytle and Lytle (2005)

	
	
	Not stated
	16
	NOEC
	Shoot length
	Spring-fed pond water
	Not stated
	Not stated
	192
	Lytle and Lytle (2005)

	
	
	Not stated
	64
	NOEC
	Shoot length
	Spring-fed pond water
	Not stated
	Not stated
	192
	Lytle and Lytle (2005)

	
	
	Not stated
	94
	NOEC
	Shoot length
	Spring-fed pond water
	Not stated
	Not stated
	192
	Lytle and Lytle (2005)

	
	
	Not stated
	8
	NOEC
	Shoot number
	Spring-fed pond water
	Not stated
	Not stated
	192
	Lytle and Lytle (2005)

	
	
	Not stated
	16
	NOEC
	Shoot number
	Spring-fed pond water
	Not stated
	Not stated
	192
	Lytle and Lytle (2005)

	
	
	Not stated
	64
	NOEC
	Shoot number
	Spring-fed pond water
	Not stated
	Not stated
	192
	Lytle and Lytle (2005)

	
	
	Not stated
	94
	NOEC
	Shoot number
	Spring-fed pond water
	Not stated
	Not stated
	192
	Lytle and Lytle (2005)

	
	
	
	
	
	
	
	
	
	192
	Geometric mean used in SSD

	Macrophyte
	Lemna minor
	Not stated
	7
	NOEC
	Dry mass
	Half-strength Hutner’s medium
	Not stated
	6.5 ± 0.1
	12.5
	Rentz (2009)

	
	
	Not stated
	7
	EC10
	Dry mass
	Half-strength Hutner’s medium
	Not stated
	6.5 ± 0.1
	21.4
	Rentz (2009)

	
	
	
	
	
	
	
	
	
	16.4
	Geometric mean used in SSD

	Macrophyte 
	Myriophyllum aquaticum
	Not stated
	10
	NOEC
	Fresh weight
	Sterilised Steinberg medium
	25 ± 2
	Not stated
	40
	Teodorovic et al. (2012)

	
	
	Not stated
	10
	NOEC
	Fresh weight
	Sterilised Steinberg medium
	25 ± 2
	Not stated
	20
	Teodorovic et al. (2012)

	
	
	
	
	
	
	
	
	
	28.3
	Geometric mean used in SSD

	Macrophyte
	Myriophyllum sibiricum
	Not stated
	14
	NOEC
	Dry weight
	Liquid growth medium
	25
	Not stated
	497.8
	Roshon (1997)

	
	
	Not stated
	14
	NOEC
	Root length
	Liquid growth medium
	25
	Not stated
	497.8
	Roshon (1997)

	
	
	
	
	
	
	
	
	
	498
	Geometric mean used in SSD

	Macrophyte
	Stuckenia pectinata
	4-5 weeks old
	28
	NOEC 
	Dry weight
	Synthetic freshwater added salts and nutrients
	23 - 25
	5 – 5.6
	15.9
	Hall et al. (1997)

	
	
	4-5 weeks old
	28
	NOEC 
	Dry weight
	Synthetic freshwater added salts and nutrients
	23 - 25
	5 – 5.6
	14.1
	Hall et al. (1997)

	
	
	4-5 weeks old
	28
	NOEC 
	Dry weight
	Synthetic freshwater added salts and nutrients
	23 - 25
	5 – 5.6
	7.5
	Hall et al. (1997)

	
	
	
	
	
	
	
	
	
	11. 9
	Geometric mean used in SSD

	Macrophyte
	Elodea canadensis
	5 cm shoots
	14
	EC10
	Root dry weight
	Natural pond water
	22-26.3
	8.3-8.8
	29.3
	McGregor et al. (2008)

	
	
	5 cm shoots
	14
	EC10
	Root dry weight
	Natural pond water
	22-26.3
	8.3-8.8
	0.4
	McGregor et al. (2008) 

	
	
	5 cm shoots
	14
	EC10
	Root dry (Shoot wet weight
	Natural pond water
	22-26.3
	8.3-8.8
	3.9
	McGregor et al. (2008) 

	
	
	5 cm shoots
	14
	EC10
	Root dry weight
	Natural pond water
	22-26.3
	8.3-8.8
	22.5
	McGregor et al. (2008) 

	
	
	
	
	
	
	
	
	
	5.66
	Geometric mean used in SSD

	Macrophyte
	Myriophyllum spicatum
	Not stated
	28
	EC10
	Root dry weight
	Freshwater
	22 - 26
	8.3 – 8.8
	1.7
	McGregor et al. (2008)

	
	
	Not stated
	28
	EC10
	Root dry weight
	Freshwater
	22 - 26
	8.3 – 8.8
	21.1
	McGregor et al. (2008)

	
	
	Not stated
	28
	EC10
	Root dry weight
	Freshwater
	22 - 26
	8.3 – 8.8
	24.4
	McGregor et al. (2008)

	
	
	Not stated
	28
	EC10
	Root dry weight
	Freshwater
	22 - 26
	8.3 – 8.8
	18.2
	McGregor et al. (2008)

	
	
	Not stated
	28
	EC10
	Root dry weight
	Freshwater
	22 - 26
	8.3 – 8.8
	3.4
	McGregor et al. (2008)

	
	
	
	
	
	
	
	
	
	8.85
	Geometric mean used in SSD

	Rotifer
	Brachionus calyciflorus
	<4 hours (newly hatched neonate)
	3-7
	NOEC
	Egg production, hatching rate
	EPA moderately hard water medium
	25 ± 1
	Not stated
	80
	Lu et al. (2012)

	Insect
	Coenagrion puella
	Larvae
	7
	NOEC
	Growth (wet mass)
	Reconstituted water 
	21
	7.1
	200
	Campero et al. (2007)

	Crustacean
	Ceriodaphnia cf. dubia
	Neonate
	7-8
	NOEC
	Reproduction
	Filtered mains water/
Clean river water
	25
	Not stated
	475
	Phyu et al. (2013)

	
	
	Neonate
	7-8
	NOEC
	Reproduction
	Filtered mains water/
Clean river water
	25
	Not stated
	1,000
	Phyu et al. (2013)

	
	
	
	
	
	
	
	
	
	689
	Geometric mean used in SSD

	Crustacean
	Daphnia magna
	Neonate
	21
	NOEL
	Immobilisation
	Surface or ground, reconstituted or dechlorinated tap water
	20 ± 1
	Not stated
	140
	USEPA (2015)

	Crustacean
	Pseudosida ramosa
	Neonate
	21
	NOEC
	Eggs per female, live neonates produced
	Reconstituted soft water
	25 ± 1
	7.2 – 7.6 
	400
	Freitas and Rocha (2012)

	
	
	Neonate
	21
	NOEC
	Eggs per female, live neonates produced
	Reconstituted soft water
	25 ± 1
	7.2 – 7.6 
	200
	Freitas and Rocha (2012)

	
	
	
	
	
	
	
	
	
	283
	Geometric mean used in SSD

	Crustacean
	Gammarus lacustris
	Life cycle
	30
	NOEL
	Immobilisation
	Surface or ground, reconstituted or dechlorinated tap water
	20 ± 2
	Not stated
	60
	USEPA (2015)

	Crustacean
	Eurytemora affinis
	Not stated
	8
	NOEC
	Mortality
	Estuarine water
	23 – 25
	7.39 – 8.39
	4,200
	Hall et al. (1994)

	
	
	Not stated
	8
	NOEC
	Mortality
	Estuarine water
	23 – 25
	7.39 – 8.39
	12,250
	Hall et al. (1994)

	
	
	
	
	
	
	
	
	
	7,170
	Geometric mean used in SSD

	Gastropod
	Marisa cornuarietis
	Embryo
	10
	NOEC
	Reproduction (hatching rate %)
	Tap water with added sea salt
	26 ± 0.5
	Not stated
	1,000
	Sawasdee and Kohler (2009)

	Gastropod
	Stagnicola elodes
	Juvenile/
Adult
	70
	NOEC
	Size, survival, number of eggs per mass, number of eggs
	Spring water
	15 – 25
	Not stated
	101
	Baxter et al. (2011)

	Fish
	Danio rerio
	Not stated
	28
	NOEC
	Growth (wet weight
	Dilution water with test solution
	25 ± 1
	7.95 – 8.28
	30
	Plhalova et al. (2012)

	Fish
	Lepomis macrochirus
	Life cycle
	90
	NOEL
	Mortality
	Freshwater
	Not stated
	Not stated
	95
	USEPA (2015)

	Fish
	Pimephales promelas
	Adult
	21
	NOEC
	Mortality
	Activated carbon-filtered tap water
	25 ± 1
	6.8 – 7.3
	43.6
	Bringolf et al. (2004)

	Fish
	Salvelinus fontinalis
	Life cycle
	44 weeks
	NOEL
	Mortality
	Freshwater
	Not stated
	Not stated
	65
	USEPA (2015)

	Amphibian
	Acris crepitans
	Larvae
	63
	NOEC
	Dry weight
	Filtered municipal water
	21.7 ± 0.5
	6.9 ± 0.1
	30
	Gucciardo (1999)

	Amphibian
	Ambystoma maculatum
	Embryo
	66
	NOEC
	Body length, hatching success, time to hatch
	Non-chlorinated Guelph well water
	10 – 10.9
	8.2 – 8.4
	338
	Baxter et al. (2015)

	Amphibian
	Bufo americanus
	Gosner stage 25
	7-28
	NOEC
	Body mass
	Freshwater
	Not stated
	Not stated
	800
	Freeman et al. (2005)

	Amphibian
	Hyla versicolor
	Larvae
	6 weeks
	NOEC
	Snout/vent length, body mass
	Natural pond water
	Not stated
	7.3 – 9.3
	20.1
	Diana et al. (2000)

	Amphibian
	Lithobates pipiensd
	Larvae
	138
	NOEC
	Mortality
	Charcoal-filtered dechlorinated water
	22 ± 0.5
	7.67
	192
	Allran and Karasov (2000)

	Amphibian
	Lithobates sylvaticae
	Larvae
	50
	NOEC
	Snout/vent length, wet weight, dry weight
	Filtered municipal water
	21.7 ± 0.5
	6.9 ± 0.1
	600
	Gucciardo (1999)

	Amphibian
	Rhinella arenarum
	Gosner stage 4
	21
	LC10
	Mortality
	A.S test solution
	20 ± 2
	Not stated
	3,510
	Brodeur et al. (2009)

	
	
	Gosner stage 25
	21
	LC10
	Mortality
	A.S test solution
	20 ± 2
	Not stated
	710
	Brodeur et al. (2009) 

	
	
	Gosner stage 38–39
	21
	LC10
	Mortality
	A.S test solution
	20 ± 2
	Not stated
	11,510
	Brodeur et al. (2009) 

	
	
	
	
	
	
	
	
	
	3,060
	Geometric mean used in SSD

	Amphibian
	Xenopus laevis
	96-hour post-hatch
	730
(2 years)
	NOEC
	Reproduction
	FETAX solution/dechlorinated tap water
	Not stated
	Not stated
	24.8
	Du Preez et al. (2008)


a Formerly known as Chlorella pyrenoidosa. 
b Formerly known as Raphidocelis subcapitata and Selenastrum capricornutum. 
c Formerly known as Ulnaria ulna. 
d Formerly known as Rana pipiens.
e Formerly known as Rana sylvaticus.
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[bookmark: _Toc37835808][bookmark: _Toc213755913]Appendix B: Modality assessment for atrazine toxicity to aquatic species
[bookmark: _heading=h.1fob9te][bookmark: _heading=h.3znysh7][bookmark: _Toc37835809]A modality assessment was undertaken for atrazine according to the weight of evidence approach specified in Warne et al. (2018).
1. Is there a specific mode of action that could result in taxa-specific sensitivity?
Atrazine is a photosystem-II inhibiting (PSII) herbicide, that binds to the plastoquinone B (QB) protein binding site on the D1 protein in PSII. This prevents the transport of electrons to synthesise adenosine triphosphate (ATP, used for cellular metabolism) and nicotinamide adenine dinucleotide phosphate (NADPH, used in converting CO2 to glucose), and therefore, prevents CO2 fixation (Wilson et al. 2000).
In addition, atrazine can lead to increased concentrations of reactive oxygen species (ROS) (Halliwell 1991). In phototrophs, ROS are formed when the absorbed light energy exceeds the ability to convert CO2 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 can cause irreversible cell damage and ultimately lead to cell death (apoptosis). Finally, atrazine is known to cause endocrine disrupting effects (Mnif et al. 2011). However, endocrine disrupting effects are generally not considered in the derivation of DGVs. This information indicates that atrazine should be toxic to phototrophs at lower concentrations than for heterotrophs.
2. Does the data suggest bimodality?
Modality was assessed using a dataset that combined all freshwater and marine toxicity data for atrazine that passed the screening and quality assessment schemes (n = 144). This was done to increase the sampling size of the dataset being assessed. All data that were not chronic negligible effect values (e.g. EC5, EC10, NOEC) were first converted to this type of data using the methods recommended by Warne et al. (2018). A kernel density plot of the fresh and marine species data indicated that the dataset is unlikely to be bimodal (Figure B1). Therefore, the pooled freshwater and marine dataset was retained for the modality assessment. Calculation of the bimodality coefficient (BC) on log-transformed data yielded a value of 0.307, which, being below the indicative threshold BC for bimodality of 0.55, suggested the dataset does not exhibit bimodality. A frequency histogram of the dataset also indicated that the dataset is unlikely to be bimodal (Figure B2). 

[bookmark: _Ref26614177][bookmark: _Toc18411717][bookmark: _Toc64624308][image: A kernel density plot showing the distributions of the freshwater and marine species data for exposure to atrazine are similar and unlikely to be bimodal]
[bookmark: _Toc213755920]Figure B1 Kernel density plot of the log-transformed ecotoxicity data for freshwater and marine species exposed to atrazine 


[image: A histogram of the log-transformed data for fresh and marine species exposed to atrazine. The histogram indicates the data are unlikely to be bimodal]
[bookmark: _Toc213755921]Figure B2 Histogram of the log-transformed ecotoxicity data for fresh and marine species exposed to atrazine 

3. Do data show taxa-specific sensitivity (i.e. through distinct groupings of different taxa types)? 
The relative sensitivity of phototrophs and heterotrophs to atrazine was compared using a kernel density plot and histogram (Figure B3) and a species sensitivity distribution (Figure B4). These figures indicate that phototrophs as a group appear to be generally more sensitive than heterotrophs. However, there is a large overlap between the two groups (Figure B3 and B4), supporting the results of the bimodality coefficient that the dataset is unimodal. 
[image: The top graph is the kernel density plot of the toxicity data for heterotrophic (in pink) and phototrophic (in blue) for freshwater and marine organisms exposed to atrazine.
The bottom graph is and the bottom graph is the log-transformed toxicity data for freshwater and marine organisms exposed to atrazine.
Phototrophs appear to be generally more sensitive than heterotrophs. However, there is overlap between the two groups supporting the conclusion that the dataset is unimodal]
[bookmark: _Toc213755922]Figure B3. Kernel density plot and histogram of the log-transformed toxicity data for heterotrophic (pink shaded area) and phototrophic (blue shaded area) fresh and marine organisms exposed to atrazine
[image: A species sensitivity distribution of the phototrophic and heterotrophic freshwater and marine organisms exposed to atrazine.
Phototrophs appear to be generally more sensitive than heterotrophs. However, there is overlap between the two groups supporting the conclusion that the dataset is unimodal.]
[bookmark: _Toc213755923]Figure B4 Species sensitivity distribution, generated by Burrlioz 2.0, using available ecotoxicity data for phototrophic and heterotrophic organisms exposed to atrazine 

4. Is it likely that indications of bi- or multi-modality or distinct clustering of taxa groups are not due to artefacts of data selection, small sample size, test procedures, or other reasons unrelated to a specific mode of action?
Given that there are ecotoxicity data for 87 phototrophs and 60 heterotrophs (a total of 147 species), it is likely that the distributions are representative, and this large dataset does not show evidence of a difference in the sensitivity of phototrophic and heterotrophic species. The weight of evidence suggests that the sensitivity of aquatic species to atrazine is unimodal, and therefore, all the available highest quality data were used to derive the DGVs as recommended by Warne et al. (2018).
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