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[bookmark: _Toc42081618][bookmark: _Toc42081643][bookmark: _Toc213944978]Summary
[bookmark: _Hlk53408401]MCPA (IUPAC and CAS name (4-chloro-2-methylphenoxy)acetic acid) is a selective, systemic, phenoxycarboxylic acid herbicide. Other chemically similar herbicides include 2,4-D (IUPAC name (2,4-dichlorophenoxy)acetic acid)) and 2,4,5-T (IUPAC name (2,4,5-trichlorphenoxy)acetic acid)), although the latter is no longer in use. Phenoxycarboxylic acid herbicides are designed to mimic auxins, a group of plant growth hormones. 
MCPA (a synthetic auxin) is not easily broken down by broadleaf plants. Accumulation of MCPA results in uncontrolled and disorganised growth of the plant, leading to plant death. Registered products that contain MCPA include herbicides formulated for agricultural uses (e.g. cereal, clover, grass, oil crops, pasture, fallow) as well as non-agricultural uses (e.g. lawn, turf and playfield) (APVMA 2025). MCPA is more toxic to broadleaf weeds than grasses.
The previous Australian and New Zealand default guideline value (DGV) for MCPA in marine water was defined as a low reliability value (using the ANZECC and ARMCANZ 2000 reliability scheme). It was adopted from the previous freshwater low reliability value that was based on MCPA toxicity to carp (Cyprinus carpio) (ANZECC and ARMCANZ 2000). Since then, more data on MCPA toxicity to marine and freshwater species have become available. This has enabled the derivation of updated DGVs for MCPA in marine water. 
MCPA is the active ingredient in a variety of herbicide formulations. These products include MCPA as the free acid, or as salt or ester derivatives (e.g. MCPA dimethylamine salt, MCPA 2-ethylhexyl ester, MCPA butoxy ethanol ester and MCPA iso-octyl ester) (WSSA 1989; CCME 1999; Growcom Australia Pty Ltd 2020). The toxicity data used to derive the updated DGVs for MCPA in marine waters included results from exposure studies that had used any form of MCPA. This was consistent with the approach taken for deriving the DGVs for MCPA in freshwaters (ANZG 2024). 
A modality assessment of the available data concluded that it was appropriate to pool toxicity data for fresh and marine organisms including both phototrophs and heterotrophs, to derive DGVs for MCPA in marine waters. The DGVs were derived using chronic, converted chronic, and converted acute toxicity data for 26 species (six marine and 20 freshwater), from eight phyla and 11 classes. The lowest reported chronic toxicity value for a marine species was 250 µg/L (mollusc, 12-day NOEC) and the lowest reported acute toxicity value for a marine species was 40 µg/L (crustacean, 96-hour NOEL). The data were a poor fit to the species sensitivity distribution model (Burrlioz 2.0) and the DGVs have a low reliability classification (as defined by Warne et al. 2018). 
As recommended in ANZG (2018), low reliability guideline values are typically not adequate to assess water quality, but can be used as interim values until more reliable values are derived. 
The low reliability toxicant DGVs for 99%, 95%, 90% and 80% species protection are 6.7 µg/L, 20 µg/L, 39 µg/L and 96 µg/L of MCPA (the biologically active, parent acid form), respectively. The 95% species protection level (20 g/L of MCPA) is recommended for adoption in the assessment of slightly to moderately disturbed marine ecosystems.
To derive higher reliability DGV, it is acknowledged that additional chronic toxicity tests of MCPA with marine species, especially dicots (due to increased MCPA herbicide selectivity), are required.
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[bookmark: _Toc42081619][bookmark: _Toc42081644][bookmark: _Toc213944979]Introduction
The compound (4-chloro-2-methylphenoxy)acetic acid), commonly known as MCPA (CAS Registry Number 94-74-6, C9H9ClO3, Figure 1) and sometimes known as 2-methyl-4-chlorophenoxy-acetic acid, is the parent acid and active ingredient in MCPA herbicide products. 
[bookmark: _Ref37848435][image: Chemical structure of MCPA ((4-chloro-2-methylphenoxy)acetic acid, C9H9ClO3).

]
[bookmark: _Ref210656243][bookmark: _Toc213944995]Figure 1. Chemical structure of MCPA ((4-chloro-2-methylphenoxy)acetic acid, C9H9ClO3) 
[bookmark: _heading=h.2et92p0]MCPA-based herbicides contain MCPA as the free parent acid or as salt or ester derivatives (CCME, 1999; BCPC 2012). Common derivatives include dimethylamine salt, dimethylammonium salt, sodium salt, potassium salt, 2-ethylhexyl ester, iso-octyl ester and butoxyethanol ester (BCPC 2021). A search of the Australian Pesticides and Veterinary Medicines Authority, Public Chemical Registration Information System (APVMA 2025) returned 377 products containing MCPA or its derivatives. These products may be available for purchase as an aqueous concentrate, water-soluble powder, or emulsifiable concentrate (APVMA 2025). To broaden spectrum efficacy, MCPA products are sometimes mixed with other active ingredients (e.g. (2,4-dichlorophenoxy)acetic acid, common name, 2,4-D) (CCME 1999). 
MCPA belongs to the phenoxycarboxylic acid group within the phenoxy class of herbicides, that also includes 2,4-D and 2,4,5-T[footnoteRef:2]. MCPA is used extensively in agriculture to control annual and perennial broad-leaved weeds in a variety of cereals (barley, flax, maize, oats, rice, rye, ryecorn, sorghum, triticale and wheat), clover (normal and subterranean), grass (sugar cane), legumes (pea), oil crops (flax, linseed, oilseed), medicinal (poppy) and pasture or fallow (APVMA 2025). Registered non-agricultural uses are lawn, turf and playfields (APVMA 2025). MCPA may end up in aquatic environments due to spray drift, surface runoff or leaching (CCME 1999). [2:  2,4,5-T ((2,4,5-trichlorphenoxy)acetic acid) is no longer registered for use in Australia. It is listed under the Rotterdam Convention because of the risk to human health from the 2,3,7,8 TCDD (Dioxin) contaminant, which is formed during production (DAFF 2006; DEH 2004).] 

MCPA acts as a selective, systemic herbicide and has a low affinity for binding to most soils (Table 1). The various chemical forms of MCPA have different aqueous solubilities. For example, the solubility of MCPA (parent acid) in water at 25oC is 250 g/L (Lewis et al. 2016). MCPA-salts are highly soluble, while MCPA-esters have considerably lower solubility (around 5 mg/L) (Morton et al. 2019). The solubility of MCPA is pH-dependent (Table 1). Due to rapid metabolic-, bio- and photolytic-degradation rates, MCPA does not accumulate in the environment (CCME 1999; Lewis et al. 2016). It is also considered to have a low potential to bio-concentrate (Lewis et al. 2016).
[bookmark: _Ref210304654][bookmark: _Toc213944997]Table 1. Summary of selected physicochemical properties of MCPA that may affect environmental fate and toxicity 
	Physicochemical property
	Value (interpretation) 

	Molecular weight
	200.62 amu1

	Dissociation constant (pKa)
	3.73 at 25C (weak acid)2

	Aqueous solubility
	0.395 g/L at pH 1 and 25oC1
26.2 g/L at pH 5 and 25oC1
293.9 g/L at pH 7 and 25oC1, 250 g/L at pH 7 and 25oC (high)2
320.1 g/L at pH 9 and 25oC1

	Octanol-water partition coefficient (Kow)
	0.155 at pH 7 and 20oC2
LogKow: 2.75 at pH 1 and 20oC1, 0.59 at pH 5 and 20oC1, -0.81–0.71 at pH 7 and 20oC1, -0.81 at pH 7 and 20oC (low)2

	Organic carbon-water partition coefficient (Koc)
	73.88 mL/g2
Log Koc: 1.05 – 1.653

	Soil adsorption coefficient (Kd)
	1.6 mL/g (mobile) 2 
Adsorption decreases with increasing soil pH2

	Bioconcentration factor (BCF)
	1 L/kg (low potential) 2
LogBCF: 1.144

	Soil degradation, half-life (t1/2 or DT50) in soils 
	<7 days after initial lag phase1
Typical: 12 days (non-persistent)2
12 and 25 days in the lab at 20oC and field, respectively2

	Water phase degradation, half-life (t1/2 or D50)
	13.5 days (moderately fast)2


1 BCPC (2012). 2 Pesticide Properties Database (Lewis et al. 2016). 3 Hiller et al. (2006). 4 Mackay et al. (2006).
MCPA has been detected (>0.1 µg/L) in 17.5% of 3,481 water samples that were collected between 2011 and 2016 from waterways that discharge to the Great Barrier Reef (Warne et al. 2020). Similarly, between 2015 and 2018, MCPA was detected in 13 to 42% of water samples collected each year from the in-shore zone of the Great Barrier Reef lagoon (Gallen et al. 2016; Grant et al. 2017; Grant et al. 2018; Gallen et al. 2019). MCPA has also been detected at 23 of 30 sites sampled along Sydney estuary, averaging 6.5 ng/L per site (Birch et al. 2015). Hence, while MCPA was detected at these sites, the measured concentrations were lower than the DGVs presented in this technical brief.
[bookmark: _Toc42081620][bookmark: _Toc42081645][bookmark: _Toc213944980]Aquatic toxicology
[bookmark: _Toc42081621][bookmark: _Toc42081646][bookmark: _Toc213944981]Mechanisms of toxicity
[bookmark: _Toc42081622][bookmark: _Toc42081647]MCPA is generally applied as a liquid or an emulsifiable concentrate and is absorbed through the roots (acid and salt forms) and leaves (ester forms) of plants (CCME 1999; BCPC 2012). It is then translocated through the phloem to meristematic regions of plants (where cell division and growth occur) and its toxicity is exerted (ANZECC and ARMCANZ 2000; BCPC 2012). MCPA acts by mimicking the plant hormone, auxin (indole-3-acetic acid), which is responsible for promoting stem elongation and for maintaining apical dominance in dicots[footnoteRef:3] (BCPC 2012). Following administration, MCPA acidifies the cell walls of plants, which causes cells to elongate in an uncontrolled and disorganised manner, ultimately leading to plant death (Walters 1999; ANZECC and ARMCANZ 2000). MCPA, like other phenoxy herbicides, also affects the metabolism of plants by affecting enzyme activity, respiration and cell division (Walters 1999). MCPA is considered a selective herbicide in that it shows much higher toxicity to dicots than monocots (von Stackelberg 2013). There is limited information on the mechanism of toxicity of MCPA in animals. Studies on terrestrial mammals indicate the potential for effects on developmental processes, although this is at doses generally >50 mg/kg body weight per day (FAO 2013; O’Mullane & Moretto 2013). Reports of MCPA poisoning in humans indicated that uncoupled oxidative phosphorylation was the cause of death (Roberts et al. 2005). [3:  Dicot plants have two leaves on germination as opposed to monocots that have a single leaf on germination.] 

[bookmark: _Toc213944982]Relative toxicity
Toxicity data for MCPA to marine species are sparse (n = 6 species) and this limits the ability to compare its relative toxicity to different types of organisms. Available toxicity values for MCPA to marine organisms vary by over three orders of magnitude from 20 to 236,000 µg/L (Appendix A). The acute toxicity values for arthropods ranged from a 96-h NOEL (mortality) value of 40 µg/L (USEPA 2023) to a 96-h LC50 (mortality) value of 236,000 µg/L (USEPA 2023). The two microalgae had measured chronic 5-d NOEL and EC50 (biomass, growth rate, area under the growth curve) values of 11,000 and 32,000 µg/L, respectively, for Skeletonema costatum (USEPA 2023), as well as a 72-h EC10 (growth rate) value of 21,800 µg/L for Tisochrysis lutea (Negri et al. 2020). The fish species, Menidia menidia, had an acute 96-h LC50 (mortality) value of 179,000 µg/L (USEPA 2023). The single mollusc, Crassostrea virginica, had chronic toxicity values ranging from a 12-d NOEC (mean length) value of 250 µg/L (Davis and Hidu 1969) to a 48-h EC50 (mortality, abnormal development) value of 155,000 µg/L (USEPA 2023). The sensitivity of algae, arthropods and fish were all very similar, and while the range of values for the single mollusc did overlap with the other types of organisms, the upper limit was considerably higher.
Toxicity data for MCPA to freshwater species are more substantial (n = 20 species) which provides a better understanding of its relative toxicity to different types of organisms. The chronic or chronic converted toxicity values for MCPA to freshwater organisms vary by more than four-orders of magnitude from 7.7 to 350,000 µg/L (Appendix B). The chronic toxicity values for the single arthropod species, Daphnia magna, were 21-day NOEL and LOEC (immobilisation) values of 13,000 and 10,800 µg/L, respectively (US EPA 2019). The 13 species of microalgae for which there were chronic data had reported 24-h to 5-d NOEC/NOEL and EC10 values (growth, cell health, biomass, growth rate, area under the growth curve) ranging from 7.7 µg/L for Navicula pelliculosa (USEPA 2023) to 142,700 µg/L for Desmodesmus subspicatus (Bisewska et al. 2012). In addition, there was an acute 24-h EC50 (cell count) value for the microalgae, Scenedesmus vacuolatus, of 160,079 µg/L (Junghans et al. 2006). The blue-green algae (cyanobacteria), Anabaena flosaquae, had chronic 5-d NOEL (biomass, growth rate, area under the curve) values of 470 and 10,200 µg/L and 5-d EC50 (biomass, growth rate, area under the curve) values of 1,340 and 11,120 µg/L (USEPA 2023). The two macrophyte species had chronic NOEL/EC10 values ranging from a 7-d EC10 (frond area) value of 248 µg/L for Lemna minor (Cedergreen and Streibig 2005) to a 14-d NOEL (frond number, dry weight, frond area) value of 16,000 µg/L for L. gibba (USEPA 2023). There was also a single chronic 14-d LOEL (frond number, dry weight, frond area) value of 14 µg/L (USEPA 2023) and chronic 14-d EC50 (frond number, dry weight, frond area) values ranging from 170 and 155,000 µg/L available for L. gibba (USEPA 2023). The amphibian, Xenopus sp., had acute 112-h LC50 (mortality) values of 3,395,792 and 3,607,700 µg/L (Bernardini et al. 1996). The fish had acute 96-h LC50 values ranging from 1,150 to 97,000 µg/L for Lepomis macrochirus (Hughes and Davis 1964) and 179,000 µg/L for Menidia menidia. 96-h LC50 values for Oncorhynchus mykiss ranged from 2,150 – 91,000 ug/L (USEPA 2023). The algae, cyanobacteria and macrophytes had toxicity values that were amongst the lowest in the dataset (most sensitive). The lower-limit toxicity values for fish and arthropods were considerably higher than the other organisms (except amphibians) while the remaining values overlapped with other types of organisms. Amphibians were the least sensitive within the dataset, with the lowest toxicity values being approximately four orders of magnitude higher than the lowest values of the phototrophic species.
Marine and freshwater toxicity data were combined and a modality assessment (Appendix C) concluded the available phototrophs and heterotrophs had an overlapping range of sensitivity to MCPA exposure.
[bookmark: _Toc42081623][bookmark: _Toc42081648][bookmark: _Toc213944983]Factors affecting toxicity
Toxicity modifying factors have not been reported for MCPA. Temperature, pH and water hardness have been reported to modify the toxicity of another phenoxycarboxylic acid herbicide 2,4‑D (ANZECC and ARMCANZ 2000). Relationships or calculations to modify DGVs in relation to these factors have not yet been developed for phenoxycarboxylic acid herbicides. As with other organic chemicals, the presence of dissolved and particulate organic matter or suspended solids could affect the bioavailability and toxicity of MCPA in aquatic ecosystems. However, any such effect would be relatively minor as MCPA has a low organic carbon to water partition coefficient, is mobile, and likely to remain dissolved in water (Table 1). 
[bookmark: _Hlk75159852]MCPA compounds found in herbicide products include in three broad forms – MCPA (the acid), MCPA-salts and MCPA-esters. Although there is some overlap in the reported toxicity ranges, the MCPA-esters (with toxicity values ranging from 7.7 to 4,100 µg/L) are generally more toxic to fish and other aquatic species than the salts (toxicity ranges from 2,850 to 155,000 µg/L) or acid (toxicity ranges from 14 to 236,000 µg/L). Commercial formulations can vary in their proportion of the active ingredient which may significantly alter the overall toxicity of the product.
Esterified forms of the herbicide are more lipid-soluble and are readily absorbed into plant tissue (and other non-target organisms). Inside plants these esters hydrolyse to the biologically active acid form. A concern is that spray drift and volatility may lead to the herbicide entering aquatic ecosystems in the ester form. However, some mitigation is expected, as in the presence of water and soil moisture, the ester is converted back to the parent acid.
MCPA-esters are hydrolysed to the acid and salt forms in soil within hours to days (Hornsby 1996). Smith and Hayden (1980) reported that more than 95% of MCPA in the ester form was hydrolysed to acid form after 48 hours in clay loam soil at 50% of field moisture content, but only 4 to 8% was hydrolysed after 48 hours in the same soil at 15% field moisture content, indicating soil moisture can influence conversion of MCPA. Similarly, Environment Canada (CCME 1999) report that ester, salt and amine derivatives of MCPA are converted to the acid form with a half-life of 5 days. This conversion of MCPA limits the duration of exposure of aquatic organisms to the more toxic ester form. Hence, the chemical form of MCPA may not materially affect guideline values (CCME 1999). 
[bookmark: _Toc42081624][bookmark: _Toc42081649][bookmark: _Toc213944984]Default guideline value derivation
The previous Australian and New Zealand default guideline value for MCPA in marine water was defined as a low reliability value (using the ANZECC and ARMCANZ 2000 reliability scheme). It was adopted from the previous freshwater low reliability value that was based on MCPA toxicity to carp (Cyprinus carpio) (ANZECC and ARMCANZ 2000). Since then, more data on MCPA toxicity to marine and freshwater species have become available. This has enabled the derivation of updated DGVs for MCPA in marine water. 
The DGVs were derived in accordance with the method described in Warne et al. (2018) and using the Burrlioz 2.0 software (2016).
[bookmark: _Toc42081625][bookmark: _Toc42081650][bookmark: _Toc213944985]Toxicity data used in the derivation
To obtain toxicity data for MCPA to marine organisms, an extensive search of the scientific literature was conducted. In addition, the USEPA database (USEPA 2023), the Australasian Ecotoxicology Database (Warne et al. 1998) and the ANZECC and ARMCANZ (2000) toxicant databases (Sunderam et al. 2000) were searched. There are more MCPA toxicity data available now than in the year 2000, which enabled the calculation of updated, but still low reliability, toxicant DGVs for MCPA in marine waters. To derive higher reliability DGVs in the future, it is recommended that additional chronic toxicity tests of MCPA with marine phototrophic species (e.g., plants and algae) be conducted, particularly with dicot species.
The dataset used for DGV derivation included toxicity values from studies using the acid, salt and ester forms of MCPA. This approach was consistent with that adopted for the Australian and New Zealand DGVs for MCPA in freshwater (ANZG 2024). All toxicity data used to calculate the DGVs were determined from experiments using technical or higher grades of MCPA or with a minimum purity of 80% active ingredient (Warne et al. 2018). 
In total, there were chronic, converted chronic and converted acute toxicity data for 26 species (six marine and 20 freshwater) belonging to eight phyla and 11 classes that passed the screening and quality assessment processes. The represented phyla were Arthropoda, Bacillariophyta, Chlorophyta, Chordata, Cyanobacteria, Haptophyta, Mollusca and Tracheophyta. The 11 classes were Actinopterygii (which accounts for approximately 99% of fish), Amphibia (tetrapod vertebrates), Bacillariophyceae (a major group of diatoms), Bivalvia (a group of molluscs), Branchiopoda (a group of crustaceans), Chlorophyceae (a major group of freshwater green algae), Coccolithophyceae (a group of marine phytoplankton), Cyanophyceae (a class of cyanobacteria), Liliopsida (monocots), Malacostraca (a large group of crustaceans) and Mediophyceae (an algae group). 
Normally, as species specificity is required, species that have only been classified to genus level (e.g. Cymbella sp.) are not used in the DGVs derivation process. The use of such data is usually avoided as the ambiguity at the genus level could result in more than one toxicity value being assigned to a single species. 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 can be included in the derivation of DGVs (Warne et al. 2018). In deriving the DGVs for MCPA in marine waters, data for Cymbella sp. and Xenopus sp. were included (Table 2, Appendix B) as there were no other toxicity data available for these genera that could conflict with the values used.
Since MCPA mimics the indole acetic acid auxin (plant growth hormone) that exists in vascular plants and algal species, it is expected that phototrophic species, particularly dicots, may be more sensitive to MCPA than non-phototrophic species. If present in the dataset, this trophic or sub-trophic-specific mode of could result in a bimodal or multi-modal distribution. There were no dicot toxicity data available for MCPA in marine or freshwater. A modality assessment (Appendix C) was conducted, and the sensitivity of phototrophs and heterotrophs were found to be similar. 
Toxicity data for all available marine and freshwater species (in different subset combinations) were considered during the derivation of DGVs for MCPA (Appendix D). Of the datasets that met the ‘preferred’ sample size[footnoteRef:4], and met the minimum data requirements[footnoteRef:5]  for use of a SSD to derive a DGV (Warne et al. 2018), one comprised a higher percentage of marine organisms than the others. This dataset consisted of chronic, chronic converted, and converted acute toxicity data for 26 species (6 marine and 20 freshwater) and was used to derive the DGVs for MCPA in marine waters.  [4:  For data type ‘combined chronic and converted acute’ or ‘combined chronic fresh and chronic marine’ a sample size of ≥15 is defined as ‘preferred’. A sample size of 5-7 is defined as ‘adequate’.]  [5:  Chronic toxicity data for at least five species, belonging to at least four different taxonomic groups] 

[bookmark: _heading=h.3rdcrjn][bookmark: _Ref37852116]A summary of these toxicity data (one value per species) is shown in Table 2. Further details including the experimental conditions of the exposure studies and the processed toxicity data used to calculate the DGVs are presented in Appendix A and Appendix B. Details of the data quality assessment and the data that passed the quality assessment are provided as supporting information. 
Notable inclusions and considerations included one study (Wood et al. 2016) that generated toxicity data using a multi-species laboratory study where the effects of MCPA on individual diatom species were measured in a natural diatom community collected from the field. As Wood et al. (2016) met the quality requirements (as per Warne et al. 2018), these toxicity data were included in the derivation of DGVs. Also of note, was that four diatom species assessed did not exhibit any adverse effects up to and including the highest MCPA concentration of 500 µg/L. The value of 500 µg/L was considered an acceptable NOEC as, 1) it was within the effects range for the whole dataset, 2) the value was positioned in the middle of the dataset; and 3) the inclusion of these NOECs did not have a large influence on the final DGVs (Appendix D). Three additional diatom species exhibited significant effects at the lowest concentration of 50 µg/L. As they were the at the most sensitive end of the SSD and there was no other toxicity data available for these species, the LOECs were considered acceptable for use.
[bookmark: _Ref210393733]To identify species that were regionally relevant to Australia and New Zealand ecosystems, searches 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) were conducted. The dataset used in the guideline derivation process for MCPA in marine waters (Table 2) includes toxicity data for 11 species (one marine and 10 fresh) that either originated from or are distributed within Australia and/or New Zealand.
[bookmark: _Ref213768229][bookmark: _Toc213944998]Table 2. Summary of the single toxicity value for each species that was used to derive the default guideline values for MCPA in marine waters.
	[bookmark: _Hlk210401392]Taxonomic group
	Species
	Life stage
	Duration (days)
	Toxicity measure (endpoint)
	Toxicity value, 
MCPA concentration (µg/L)
	Final toxicity value, 
MCPA concentration (µg/L)

	Marine species
	

	Diatom algae
(Mediophyceae)
	Skeletonema costatum a
	Not stated
	5
	Chronic NOEL
(Biomass yield, growth rate, AUC b)
	11,000
	11,000

	Golden alga
(Haptophyta)
	Tisochrysis lutea
	Exponential growth phase
	3
	Chronic EC10
(Growth rate)
	21,800
	21,800

	Crustacean
(Arthropoda)
	Americamysis bahia
	<24 hours old
	4
	Acute LC50
(Mortality)
	200
	20 c

	
	Penaeus duorarum
	Juvenile
	4
	Acute LC50
(Mortality)
	236,000
	23,600 c

	Mollusc
(Mollusca)
	Crassostrea virginica
	Larvae
	12
	Chronic NOEC
(Mean length)
	250
	250

	Fish
(Actinopterygii)
	Menidia menidia
	Not stated
	4
	Acute LC50
(Mortality)
	179,000
	17,900 c

	Freshwater species

	Blue-green alga
(Cyanophyceae)
	Anabaena flos-aquae
	Not stated
	5
	Chronic NOEL
(Biomass yield, growth rate, AUC b)
	2,189.5
	2,190

	Diatom
(Bacillariophyta)
	Achnanthidium minutissimum a
	Not stated
	2
	Chronic NOEC
(Cell health)
	500
	500

	
	Cymbella sp.
	Not stated
	2
	Chronic NOEC
(Cell health)
	500
	500

	
	Encyonema gracile a
	Not stated
	2
	Chronic LOEC
(Cell health)
	50
	20 d

	
	Eunotia cf incisa a
	Not stated
	2
	Chronic NOEC
(Cell health)
	500
	500

	
	Gomphonema gracile a
	Not stated
	2
	Chronic NOEC
(Cell health)
	500
	500

	
	Gomphonema sp.
	Not stated
	2
	Chronic LOEC
(Cell health)
	50
	20 d

	
	Navicula cryptotenella a
	Not stated
	2
	Chronic NOEC
(Cell health)
	500
	500

	
	Navicula pelliculosa a
	Not stated
	5
	Chronic NOEL
(Biomass yield, growth rate, AUC b)
	235.45
	235

	
	Ulnaria ulna a
	Not stated
	2
	Chronic LOEC
(Cell health)
	50
	20 d

	Green alga
(Chlorophyta)
	Desmodesmus subspicatas a
	Not stated
	3
	Chronic EC10
(Growth)
	142,700
	143,000

	
	Scenedesmus quadricauda
	Not stated
	4
	Chronic EC50
(Cell count)
	86,100
	17,220 d

	
	Scenedesmus vacuolatus
	Autospores
	1
	Acute LC50
(Cell count)
	160,079
	16,000 c

	
	Selenastrum capricornutum
	Not stated
	4
	Chronic NOEL
(Biomass yield, growth rate, AUC b)
	32
	32

	Macrophyte
(Tracheophyta)
	Lemna gibba
	Not stated
	14
	Chronic NOEL
(Frond number, dry weight, frond area)
	16,000
	16,000

	
	Lemna minor a
	Not stated
	7
	Chronic EC10
(Frond area)
	248
	248

	Cladoceran
(Arthropoda)
	Daphnia magna
	Life cycle
	21
	Chronic NOEL
(Immobilisation)
	13,000
	13,000

	Fish
(Chordata)
	Lepomis macrochirus
	Fingerlings
	1-2
	Acute TLm e
	1,500
	150 c

	
	Oncorhynchus mykiss a
	Not stated
	4
	Acute LC50
(Mortality)
	29,593
	2,959

	Frog
(Amphibia)
	Xenopus sp.
	Embryo
	4.7
(112-hrs)
	Acute LC50
(Mortality)
	3,500,143
	350,000 c


a Species that originated from or whose geographic distributions include Australia and/or New Zealand
b AUC = area under the growth curve.
c Acute LC50 values that were converted to chronic NOEC values by dividing by 10 (Warne et al. 2018). 
d Chronic LOEC and EC50 values that were converted to chronic NOEC values by dividing by 2.5 and 5, respectively (Warne et al. 2018).
e TLm denotes that concentration at which 50% of the test animals survive (Hughes and Davis 1964).

[bookmark: _Toc213944986]Species sensitivity distribution
The cumulative frequency (species sensitivity) distribution (SSD) of the 26 species that were used to derive the DGVs for MCPA in marine water is presented in Figure 2. The SSD was plotted using the Burrlioz 2.0 software (produced by CSIRO). The data was a poor fit to the SSD model (Figure 2).
[image: Graph showing the species sensitivity distribution (SSD) of freshwater and marine species that were exposed to MCPA. SSD figure produced the using Burrlioz 2.0 software. Data displayed show chronic (square symbol), converted chronic (circle symbol), and converted acute (triangle symbol) toxicity values, for six marine and 20 freshwater species exposed to MCPA.]
[bookmark: _Ref37852238][bookmark: _Ref66105564][bookmark: _Toc42082084][bookmark: _Toc213944996]Figure 2. Species sensitivity distribution, generated by Burrlioz 2.0, using chronic (square symbol), converted chronic (circle symbol), and converted acute (triangle symbol) toxicity values, for six marine and 20 freshwater species exposed to MCPA.

[bookmark: _Toc42081627][bookmark: _Toc42081652][bookmark: _Toc213944987]Default guideline values
The low reliability DGVs for MCPA in marine waters are provided in Table 3. The 95% species protection DGV is typically recommended for application for slightly to moderately disturbed aquatic ecosystems. It is important that the DGVs 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).
[bookmark: _heading=h.35nkun2][bookmark: _Ref210418006][bookmark: _Toc213944999]Table 3. Toxicant default guideline values for MCPA in marine water, low reliability classification.
	Level of species protection (%)
	DGV for MCPA in marine water (MCPA concentration, µg/L) a

	99
	6.7

	95
	20

	90
	39

	80
	96


a Default guideline values were derived using the Burrlioz 2.0 (2016) software and rounded to two significant figures.
 
The DGVs apply to the measured concentration of MCPA (the biologically active, parent acid form) present in a marine water sample.
Reported bioconcentration factors for MCPA are low (Table 1) and are below the threshold at which secondary poisoning must be considered (i.e., threshold log BCF = 4, Warne et al. 2018). Morton et al. (2019) state that due to the low BCF values, organisms that die due to MCPA exposure are unlikely to cause toxicity to animals that consume them. As such, the DGVs for MCPA do not account for secondary poisoning.
[bookmark: _Toc42081628][bookmark: _Toc42081653][bookmark: _Toc213944988]Reliability classification
The MCPA marine DGVs have a low reliability classification (as per Table 7 in Warne et al. 2018) based on the outcomes for the following three criteria:
· Sample size—26 (preferred)
· Type of toxicity data—chronic and converted acute marine and freshwater data
· SSD model fit—poor (Inverse Weibull).
As recommended in ANZG (2018), low reliability guideline values are typically not adequate to assess water quality, but can be used as interim values until more reliable values are derived. If used as interim values, they should always be used in conjunction with other lines of evidence. Additional chronic toxicity data from a greater range of studies and with marine phototrophic species (particularly dicots) would potentially improve the SSD model fit and enable the derivation of moderate or high reliability DGVs.
[bookmark: _Toc210131260][bookmark: _Toc42081630][bookmark: _Toc42081655][bookmark: _Toc213944989]Glossary
	Term
	Definition

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

	Bioconcentration factor (BCF)
	

	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. 

	Bimodality coefficient (BC)
	

	CAS no.
	Chemical Abstracts Service number. Each chemical has a unique identifying number that is allocated to it by the American Chemical Society.

	Chronic toxicity
	A lethal or sub-lethal adverse effect that occurs as the result of exposure to a chemical for a substantial portion of the organism’s life span or an adverse sub-lethal effect on a sensitive early life stage. Refer to Warne et al. (2018) for examples of chronic exposures.

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

	ECx
	The concentration of a chemical in water that is estimated to produce a 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 ECx).

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

	Guideline value (GV)
	A 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 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.

	Heterotroph
	Organism that obtains its nutritional requirements from complex organic substances and is not dependent on light for metabolism.

	IUPAC
	International Union of Pure and Applied Chemistry

	KOC
	Soil adsorption coefficient—measures the amount of chemical substance adsorbed onto soil per amount of water.

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

	LOEC (Lowest-observed-effect concentration)
	The lowest concentration of a chemical used in a toxicity test that has a statistically significant (p≤0.05) adverse effect on the exposed population of test organisms compared to the controls. All greater concentrations should also cause statistically significant effects.

	LOEL (Lowest observed effect level)
	Synonymous with LOEC.

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

	NEC (no-effect concentration)
	The maximum concentration that does not have an effect – this is determined differently from a NOEC.

	NOEC (No-observed-effect concentration)
	The greatest concentration of a toxicant used in a toxicity test that does not have a statistically significant (p>0.05) effect on the exposed population of test animals as compared to the controls. The statistical significance is measured at the 95% confidence level.

	NOEL (No observed effect level)
	Synonymous with NOEC.

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

	PSII
	Photosystem II of the photosynthetic biochemical pathway.

	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.

	Species sensitivity distribution (SSD)
	A method that plots the cumulative frequency of species’ sensitivity 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 data
	Data generated from toxicity exposures to a contaminant (in this case exposures to aquatic biota in freshwater or marine water) 

	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: AppendixA][bookmark: _Toc42081631][bookmark: _Toc42081656][bookmark: _Toc210131261][bookmark: _Toc213944990]Appendix A: Summary details of the marine toxicity data used to derive default guideline values for MCPA in marine waters
[bookmark: _Ref6322314][bookmark: _Toc213945011]Table A 1 Summary of marine toxicity data that passed the screening and quality assurance processes and were used to derive the default guideline values for MCPA in marine water 
	Phylum/ Division
	Class
	Species
	Life stage
	Exposure duration (days)
	Test type
	Toxicity measure (test endpoint)
	Test medium
	Salinity (ppt)
	Temperature (C)
	pH
	Toxicity value (µg/L)
	Reference

	Arthropoda
	Malacostraca
	Americamysis bahia
	<24 hours old
	4
	Acute
	LC50
(Mortality)
	Natural or artificial filtered seawater
	20 ± 3
	25 ± 2
	Not stated
	200
	USEPA (2023)

	
	
	
	
	
	
	
	
	
	
	
	20 a
	1:10 Acute LC50; value used in SSD

	
	
	Penaeus duorarum
	Juvenile
	4
	Acute
	LC50
(Mortality)
	Natural filtered or artificial seawater
	20 ± 3
	23 ± 1
	Not stated
	236,000
	USEPA (2023)

	
	
	
	
	
	
	
	
	
	
	
	23,600 a
	1:10 Acute LC50; value used in SSD 

	Bacillariophyta 
	Mediophyceae
	Skeletonema costatum
	Not stated
	5
	Chronic
	NOEL (Biomass yield, growth rate, AUC b)
	Synthetic salt water or filtered natural salt water
	30 ± 5
	20 ± 2
	8.0 ± 0.1
	11,000
	USEPA (2023)

	Chordata 

	Actinopterygii
	Menidia menidia
	Not stated
	4
	Acute
	LC50
(Mortality)
	Seawater
	20 ± 5
	22 ± 2.0
	>7.5 and <8.5
	179,000
	USEPA (2023)

	
	
	
	
	
	
	
	
	
	
	
	17,900 a
	1:10 Acute LC50; value used in SSD

	Haptophyta
	Coccolithophyceae
	Tisochrysis lutea
	Exponential growth phase
	3
	Chronic
	EC10
(Growth rate)
	EDTA-free Guillard’s f/2 medium
	33 ± 1.5
	28 ± 1
	7.9 - 8.3
	21,800
	Negri et al. (2020)

	Mollusca
	Bivalvia
	Crassostrea virginica
	Embryo/larvae
	12
	Chronic
	NOEC 
(Growth)
	Liquid culture medium
	Not stated
	24 ± 1
	Not stated
	250
	Davis and Hidu (1969)


a Acute LC50 values that were converted to chronic NOEC values by dividing by 10 (Warne et al. 2018). 
b AUC = area under the growth curve.
[bookmark: AppendixB][bookmark: _Toc210131262][bookmark: _Toc213944991]Appendix B: Summary details of the freshwater toxicity data used to derive default guideline values for MCPA in marine waters
[bookmark: _Toc213945015]Table B 1 Summary of freshwater toxicity data that passed the screening and quality assurance processes and were used to derive the default guideline values for MCPA in marine water 
	Phylum/ Division
	Class
	Species
	Life stage
	Exposure duration (days)
	Test type
	Toxicity measure (test endpoint)
	Test medium
	Temperature (C)
	pH
	Toxicity value n (µg/L)
	Reference

	Arthropoda
	Branchiopoda
	Daphnia magna
	Life cycle
	21
	Chronic
	NOEL
(Immobilisation)
	Surface or ground, reconstituted or dechlorinated tap water
	20 ± 1

	Not stated
	13,000
	USEPA (2023)

	Bacillariophyta
	Bacillariophyceae
	Achnanthidium minutissimum
	Not stated
	2
	Chronic
	NOEC
(Cell health)
	River water
	22–26
	Not stated
	>500
	Wood et al. (2016)

	
	
	
	
	
	
	
	
	
	
	500
	Value used in SSD

	
	
	Cymbella sp.
	Not stated
	2
	Chronic
	NOEC
(Cell health)
	River water
	22–26
	Not stated
	>500
	Wood et al. (2016)

	
	
	
	
	
	
	
	
	
	
	500
	Value used in SSD

	
	
	Encyonema gracile
	Not stated
	2
	Chronic
	LOEC
(Cell health)
	River water
	22–26
	Not stated
	50 a
	Wood et al. (2016)

	
	
	
	
	
	
	
	
	
	
	20
	1:2.5 Chronic LOEC; value used in SSD

	
	
	Eunotia cf incisa
	Not stated
	2
	Chronic
	NOEC
(Cell health)
	River water
	22–26
	Not stated
	>500
	Wood et al. (2016)

	
	
	
	
	
	
	
	
	
	
	500
	Value used in SSD

	
	
	Gomphonema gracile
	Not stated
	2
	Chronic
	NOEC
(Cell health)
	River water
	22–26
	Not stated
	>500
	Wood et al. (2016)

	
	
	
	
	
	
	
	
	
	
	500
	Value used in SSD

	
	
	Gomphonema sp.
	Not stated
	2
	Chronic
	LOEC
(Cell health)
	River water
	22–26
	Not stated
	50 a
	Wood et al. (2016)

	
	
	
	
	
	
	
	
	
	
	20
	1:2.5 Chronic LOEC; value used in SSD

	
	
	Navicula cryptotenella
	Not stated
	2
	Chronic
	NOEC
(Cell health)
	River water
	24 ± 2
	Not stated
	>500
	Wood et al. (2016)

	
	
	
	
	
	
	
	
	
	
	500
	Value used in SSD

	
	
	Navicula pelliculosa
	Not stated
	5
	Chronic
	NOEL
(Biomass yield, growth rate, AUC b)
	ASTM Type I water
	24 ± 2
	7.5 ± 0.1
	7,200
	USEPA (2023)

	
	
	
	
	
	
	
	
	
	
	7.7
	USEPA (2023)

	
	
	
	
	
	
	
	
	
	
	235
	Geometric mean; value used in SSD

	
	
	Ulnaria ulna c
	Not stated
	2
	Chronic
	LOEC
(Cell health)
	River water
	22–26
	Not stated
	50 a
	Wood et al. (2016)

	
	
	
	
	
	
	
	
	
	
	20
	1:2.5 Chronic LOEC; value used in SSD

	Chlorophyta
	Chlorophyceae
	Desmodesmus subspicatus d
	Not stated
	3
	Chronic
	EC10
(Growth)
	River water
	22–26
	Not stated
	142,700
	Bisewska et al. (2012)

	
	
	Scenedesmus quadricauda
	Not stated
	4
	Chronic
	EC50
(Cell count)
	HB-4 media and distilled water
	25
	Not stated
	86,100 a
	Fargasova (1994)

	
	
	
	
	
	
	
	
	
	
	17,220
	1:5 Chronic EC50; value used in SSD

	
	
	Scenedesmus vacuolatus
	Autospores
	1
	Acute
	EC50
(Cell count)
	Not stated
	28 ± 0.5
	6.7
	160,079 f
	Junghans et al. (2006)

	
	
	
	
	
	
	
	
	
	
	16,000
	1:10 Acute EC50; value used in SSD

	
	
	Selenastrum capricornutum e
	Not stated
	4
	Chronic
	NOEL
(Biomass yield, growth rate, AUC b)
	ASTM Type I water
	24 ± 2

	7.5 ± 0.1
	32
	USEPA (2023)

	Chordata
	Actinopterygii
	Lepomis macrochirus
	Fingerlings
	1
	Acute
	TLm (EC50)
(Survival)
	Louisiana lake water
	25 ± 1
	6.5-7.4
	1,500 f
	Hughes and Davis (1964)

	
	
	
	
	2
	
	
	
	
	
	1,500 f
	Hughes and Davis (1964)

	
	
	
	
	
	
	
	
	
	
	150
	1:10 Acute EC50; value used in SSD

	Chordata
	Actinopterygii
	Oncorhynchus mykiss
	Not stated
	4
	Acute
	LC50
(Mortality)
	Clean surface or ground water, reconstituted water
	12 ± 2
	>6 and <8
	91,000
	USEPA (2023)

	
	
	
	
	
	
	
	
	
	
	89,000
	USEPA (2023)

	
	
	
	
	
	
	
	
	
	
	3,200
	USEPA (2023)

	
	
	
	
	
	
	
	
	
	
	29,593 f
	Geometric mean

	
	
	
	
	
	
	
	
	
	
	2,960
	1:10 Acute LC50; value used in SSD

	Chordata
	Amphibia
	Xenopus sp.
	Embryo
	4.7
(112-hrs)
	Acute
	LC50
(Mortality)
	FETAX solution
	23 ± 0.5
	Not stated
	3,607,700
	Bernardini et al. (1996)

	
	
	
	
	
	
	
	
	
	
	3,395,792
	Bernardini et al. (1996)

	
	
	
	
	
	
	
	
	
	
	3,500,143 f
	Geometric mean

	
	
	
	
	
	
	
	
	
	
	350,000
	1:10 Acute LC50; value used in SSD

	Cyanobacteria
	Cyanophyceae
	Anabaena flos-aquae
	Not stated
	5
	Chronic
	NOEL
(Biomass yield, growth rate, AUC b)
	ASTM Type I water
	25 ± 2
	7.5 ± 0.1
	10,200
	USEPA (2023)

	
	
	
	
	
	
	
	
	
	
	470
	USEPA (2023)

	
	
	
	
	
	
	
	
	
	
	2,190
	Geometric mean; value used in SSD

	Tracheophyta
	Tracheophyceae
	Lemna gibba
	Not stated
	14
	Chronic
	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
	16,000
	USEPA (2023)

	
	
	Lemna minor
	Not stated
	7
	Chronic
	EC10
(Frond area)
	Not stated
	24
	Not stated
	248
	Cedergreen and Streibig (2005)


a Chronic LOEC and EC50 values that were converted to chronic NOEC values by dividing by 2.5 and 5, respectively (Warne et al. 2018). 
b AUC = area under the growth curve. 
c This species was formerly known as Fragilaria ulna. 
d This species was formerly known as Scenedesmus subspicatus.  
e This species has been called Raphidocelis subcapitata and Pseudokirchneriella subcapitata. 
f Acute LC50 and EC50 values that were converted to chronic NOEC values by dividing by 10 (Warne et al. 2018). 
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[bookmark: AppendixC][bookmark: _Toc42081632][bookmark: _Toc42081657][bookmark: _Toc210131263][bookmark: _Toc213944992]Appendix C: Modality assessment for MCPA toxicity to aquatic species
[bookmark: _Hlk41338689]A modality assessment was undertaken for MCPA 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?
MCPA acts by mimicking the plant hormone, auxin (indolylacetic acid), which is responsible for promoting stem elongation and maintaining apical dominance in in dicotyledons (also known as dicots) (BCPC 2012). Monocots are more resistant to MCPA than dicots. Following administration, MCPA acidifies the cell walls of plants, which causes cells to elongate in an uncontrolled and disorganised manner, ultimately leading to plant death (ANZECC and ARMCANZ 2000; Walters 1999). MCPA, like other phenoxy herbicides, also affects the metabolism of plants by affecting enzyme activity, respiration and cell division (Walters 1999). Due to the mode of action, it might therefore be expected that phototrophic species would be more sensitive to MCPA than other types of organisms.
2) Does the dataset suggest bimodality?
[bookmark: _heading=h.3j2qqm3][bookmark: _Toc42082085]Modality was assessed using a dataset that combined all freshwater and marine toxicity data (MCPA concentration (µg/L)), that passed the screening and quality assessment schemes (n = 26). All data that were not chronic no-effect or negligible-effect values (e.g. EC05, EC10, NOEC, NEC) were first converted to this type of data using the methods recommended by Warne et al. (2018). Box and whisker plots for the freshwater and marine toxicity test data suggested considerable overlap in the data, but that marine biota may be less sensitive than freshwater with a median (range) of 14450 (20-23600) µg/L vs 500 (20-35014) µg/L, respectively) (Figure C 1). Nevertheless, the pooled dataset was retained for the modality assessment.
[bookmark: _Ref66106021][image: Box plots showing log-transformed toxicity data (MCPA concentration (µg/L)) for freshwater (n = 20, left hand side) and marine (n = 6, right hand side) species exposed to MCPA.]
[bookmark: TableC1][bookmark: FigureC1][bookmark: _Toc213945000][bookmark: _Toc42082086]Figure C 1 Box and whisker plots of log-transformed toxicity data (MCPA concentration (µg/L)) for freshwater (n = 20, left hand side) and marine (n = 6, right hand side) species exposed to MCPA.
Note: the line in the box represents the median; ‘x’ represents the mean; unfilled circles represent suspected outliers; filled circles represent known outliers; error bars represent minimum and maximum values.
Calculation of the bimodality coefficient (BC) yielded a value of 0.42, which, being below the indicative threshold BC for bimodality of 0.55, suggested the dataset did not exhibit bimodality. However, inspection of the frequency histogram (Figure C 2 ) gave some indication that the dataset may not be unimodal. Ideally, additional toxicity data for marine species would be available and the modality of the freshwater and marine datasets would be assessed both separately and combined.

[bookmark: FigureC2][bookmark: _Toc213945001]Figure C 2 Histogram of the log-transformed toxicity data for fresh and marine species exposed to MCPA

3) Do data show taxa-specific sensitivity (i.e. through distinct groupings of different taxa)?
[bookmark: _Toc42082087]The relative sensitivity of phototrophs and heterotrophs to MCPA was compared using box and whisker plots (Figure C 3) and a species sensitivity distribution (Figure C 4). Without marine dicot toxicity data, it was not possible to determine if dicots have a different sensitivity to MCPA than non-dicot species (i.e. whether the toxicity data is bimodal). However, to some degree, whether the MCPA data are bimodal is not relevant in this case, as the lack of dicot toxicity data meant that this group of organisms was excluded from the calculation of the DGVs.
Ideally, additional chronic toxicity tests of MCPA with marine phototrophic species (e.g., plants and algae) particularly with dicot species would be conducted and data distributions for freshwater and marine species and dicot and non-dicot species would be inspected both separately and combined.
[image: Box and whisker plots showing the distribution of available toxicity data for phototrophic (n = 18, blue, left-hand side) and heterotrophic (n = 8, orange, right-hand side) freshwater and marine organisms exposed to MCPA. ]
[bookmark: FigureC3][bookmark: _Toc213945002]Figure C 3 Box and whisker plots of log-transformed toxicity data (MCPA concentration (µg/L)) for phototrophic (n = 18, blue, left-hand side) and heterotrophic (n = 8, orange, right-hand side) freshwater and marine organisms exposed to MCPA. 
Note: the line in the box represents the median; ‘x’ represents the mean; unfilled circles represent suspected outliers; filled circles represent known outliers; error bars represent minimum and maximum values.


[bookmark: _heading=h.1ci93xb][bookmark: _Ref66106159][bookmark: _Toc42082088][image: Species sensitivity distribution, generated by Burrlioz 2.0, using available toxicity data for phototrophic (open square symbol) and heterotrophic (cross symbol) freshwater and marine organisms exposed to MCPA.]
[bookmark: FigureC4]Figure C 4 Species sensitivity distribution, generated by Burrlioz 2.0, using available toxicity data for phototrophic (open square symbol) and heterotrophic (cross symbol) freshwater and marine organisms exposed to MCPA.

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 data for 18 phototrophs (two marine) and eight heterotrophs (four marine) it is likely that the distributions are representative, although a bias cannot be ruled out.
The line of evidence that suggests the potential for a bimodal distribution is the mode of action of MCPA (selective herbicide, dicot specificity). The histogram (Figure C 2) and other lines of evidence did not demonstrate bimodality. Overall, acknowledging the data limitations (including lack of dicot test data), the sensitivity (of the species that this dataset was comprised) to MCPA is likely to be unimodal. Therefore, toxicity data for all available freshwater and marine species were pooled to derive DGVs for MCPA in marine water as per Warne et al. (2018).



[bookmark: AppendixD][bookmark: _Toc210131264][bookmark: _Toc213944993]Appendix D: Justification for the dataset used to derive the default guideline values for MCPA in marine water
MCPA toxicity data was available for six marine species and 20 freshwater species. The method to derive DGVs using the species sensitivity distribution (SSD) requires at least five species belonging to at least four phyla (Warne et al. 2018). Modality analysis (Appendix C) did not determine any difference in the sensitivity of MCPA toxicity to different aquatic organisms. Toxicity data for all available species (in different subset combinations) were considered during the derivation of DGVs for MCPA.
1.) Marine species only
There were chronic toxicity data for three marine species. There were acute toxicity data for three other marine species. The acute values were converted to chronic values, and combined with the chronic toxicity data, resulting in a dataset of six marine species belonging to five phyla. This sample size is defined as adequate for this data type, and the number of species per phyla met the minimum data requirements. However, the data were not a good fit to the SSD (Figure D 1 ) and resulted in a set of low reliability DGVs (not shown). 
[bookmark: _Ref66103384][image: Species sensitivity distribution, generated by Burrlioz 2.0, using available chronic NOEC/NOEL/EC10 values (square symbol) and acute LC50 values that were converted to chronic NOEC values (triangle symbol), for six marine species exposed to MCPA.]
[bookmark: FigureD1][bookmark: _Toc213945003]Figure D 1 Species sensitivity distribution, generated by Burrlioz 2.0, using available chronic NOEC/NOEL/EC10 values (square symbol) and acute LC50 values that were converted to chronic NOEC values (triangle symbol), for six marine species exposed to MCPA.

2.) Chronic only values (fresh and marine species)
[bookmark: _Hlk213844963]There were 15 chronic NOEL/NOEC/EC10 toxicity data (three marine and 12 freshwater species). This met the data requirements to derive DGVs using the SSD method. However, this dataset only included half (three of six) of the marine toxicity data and marine species only comprised 20% of the total. Again, these data were a poor fit to the SSD (Figure D 2) and produced low reliability DGVs (not shown). 

[image: Species sensitivity distribution, generated by Burrlioz 2.0, using available chronic NOEL/NOEC/EC10 values, for three marine and 12 freshwater species exposed to MCPA.]
[bookmark: FigureD2][bookmark: _Toc213945004]Figure D 2 Species sensitivity distribution, generated by Burrlioz 2.0, using available chronic NOEL/NOEC/EC10 values, for three marine and 12 freshwater species exposed to MCPA.

3.) Chronic and chronic converted values (fresh and marine species)
With the inclusion of chronic LOEC/EC50 values that were converted to chronic NOEC/EC10 values, there were toxicity data for a total of 19 species. However, as these four additional data all pertained to freshwater species, the proportion of marine species in the dataset decreased to 17%. This dataset still only included half of the marine toxicity data, the data were again a poor fit to the SSD (Figure D 3) and produced low reliability DGVs (not shown).

[image: Species sensitivity distribution, generated by Burrlioz 2.0, using available chronic NOEC/EC10 values (square symbol) and chronic LOEC/EC50 values that were converted to chronic NOEC values (circle symbol), for three marine and 16 freshwater species exposed to MCPA.]
[bookmark: FigureD3][bookmark: _Toc213945005]Figure D 3 Species sensitivity distribution, generated by Burrlioz 2.0, using available chronic NOEC/EC10 values (square symbol) and chronic LOEC/EC50 values that were converted to chronic NOEC values (circle symbol), for three marine and 16 freshwater species exposed to MCPA.

4.) Chronic, chronic converted and acute converted (fresh and marine species)
There were 12 chronic toxicity values, four converted chronic values, and 10 converted acute values, pertaining to six marine species and 20 freshwater species. Marine species comprised 23% of this total dataset, hence, it was more representative of marine organisms than the two described by Figure D 2  (20%) and Figure D 3  (17%). As with the previous three distributions, data were a poor fit to the SSD (Figure 2), producing low reliability DGVs.
Where data is a combination of chronic and converted, or chronic fresh and chronic marine, a sample size of ≥15 species is classified as ‘preferred’ (Warne et al. 2018). The datasets described by Figure D 2 (15 species) and Figure D 3 (19 species) met this criterion, Figure D 1  (six species, ‘adequate’) did not.
The dataset consisting of chronic, converted chronic, and converted acute toxicity values for 26 fresh and marine species, was used to derive the low reliability DGVs for MCPA in marine waters (Figure 2 and Table 3).
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