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Executive Summary 

A review of aquatic boron toxicity, essentiality, and existing regulatory guidelines was conducted to 
support the development of scientifically robust interim aquatic boron guideline values that are 
protective of livestock watering, crop irrigation, and aquatic ecosystems within the Eurombah Creek 
basin. This work was conducted to support the submission of an environmental authority (EA) 
amendment for Origin Energy Limited for releases of treated water from the Spring Gully water 
treatment facility (WTF) into Eurombah Creek, a tributary of the Dawson River located in 
southeastern Queensland, Australia. A concise description of the work completed, along with the 
key findings, data gaps identified from the literature review, and evaluation of each relevant 
environmental value, is provided below. 

A thorough literature review was conducted to summarise the existing peer-reviewed information 
on aquatic boron toxicity and essentiality. Additional discussion was provided regarding the current 
challenges in reconciling traditional toxicity testing and guideline value derivation with the concept 
of essentiality. Boron is an essential micronutrient, meaning that life cannot be sustained without it, 
for all plants, some amphibians, fish, algae, fungi, and bacteria, and possibly humans (Bita et al., 
2022). Whilst essential at low concentrations, boron can also be a toxicant at high concentrations. 
There is a lack of consensus in the scientific and regulatory communities on appropriate protective 
guideline values for boron in freshwaters with chronic guideline values ranging from 0.94 to 10.0 
milligrams per litre (mg/L) globally across regulatory agencies. The scientific uncertainty present in 
existing aquatic boron guidelines warrants further research to better understand approaches for 
regulating essential elements in the aquatic environment. One potential approach for incorporating 
deficiency and essentiality into existing guideline derivation frameworks is to develop paired toxicity 
and deficiency species sensitivity distributions (SSDs). These ‘dual SSDs’ were developed based on 
endpoints compiled from peer-reviewed literature for aquatic species and resulted in a boron 
concentration of 2.7 mg/L that maximised the percentage of species protected when accounting for 
deleterious effects from toxicity and deficiency. This value can serve as a useful reference point for 
interpreting boron guideline values derived using other approaches.  

Livestock watering is one of the relevant environmental values in Eurombah Creek due to the 
presence of Santa Gertrudis cattle raised for beef on the Brigodoon Cattle Company Lot, 
downstream of the Spring Gully WTF. Previous work completed on boron in stock water, leveraging 
the Australian and New Zealand Environment and Conservation Council (ANZECC, 2000) framework, 
demonstrated that boron concentrations that are protective of stock watering for beef cattle in the 
Dawson River basin ranged from 10.0 to 43.5 mg/L depending on the level of conservatism used in 
the assumptions for dose calculations. These guideline values are considered relevant for the 
broader Dawson River region including Eurombah Creek. However, the livestock watering exposure 
pathway is not considered a limiting criterion for boron releases from the Spring Gully WTF, as 
ecological receptors and crops are more sensitive to boron than the concentration capable of 
causing unacceptable risk to cattle.  

The irrigation watering pathway is relevant to Eurombah Creek due to a current licence that 
authorises water takes from Lot 7 on Plan AB145, approximately 67 kilometres (km) downstream of 
the Spring Gully WTF. Corn, oats, and wheat are the only known crops currently irrigated with water 
from Eurombah Creek on this Lot. Based on an SSD approach and region-specific considerations, a 
boron concentration of 1.4 mg/L is protective of current crop irrigation activities in the Eurombah 
Creek catchment and any future changes to the existing water licence or agricultural operations. Due 
to conditions in the water licence that authorises takes from Eurombah Creek for agricultural 
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irrigation, water takes are only permitted when discharge in Eurombah Creek exceeds 562 
megalitres per day (MLD). This represents a 55 times dilution factor for the 10.2 MLD release limit 
from the Spring Gully WTF. Concentrations greater than 77 mg/L would be required in water 
released from the Spring Gully WTF to exceed the derived guideline value of 1.4 mg/L boron at the 
point of water take. Conversely, if released water from Spring Gully WTF had a boron concentration 
of 2.0 mg/L, the concentration at the point of water take would be approximately 0.036 mg/L. In 
order to exceed the 1.4 mg/L boron threshold at the point of water take whilst releasing 2.0 mg/L 
water from the Spring Gully WTF, releases would have to exceed 393 MLD – approximately 38 times 
the current daily release limit. Due to this dilution, the crop irrigation exposure pathway is not 
considered a limiting criterion for boron releases from the Spring Gully WTF.  

Aquatic ecosystems represent the environmental value in Eurombah Creek that is most sensitive to 
boron. The Australia and New Zealand Guidelines (ANZG, 2021) on boron in freshwaters is a 
conservative starting point for deriving ecologically protective guideline values; however, this value 
is inherently conservative as a consequence of considerable uncertainty present in the derivation 
process stemming from reliance on questionable and poor-quality toxicity data. A review and 
sensitivity analysis performed using subsets of the most reliable data that informed the ANZG (2021) 
boron default guideline values (DGVs) resulted in various ‘Very High’ reliability site-adapted 
guideline values. The best fitting SSD, based on visual inspection and statistical assessment, included 
17 species from five taxa with a 5th percentile hazard concentration (HC5) value of 2.0 mg/L for 
boron. This ‘site-adapted' guideline value (van Dam et al., 2019) is conservative based on multiple 
lines of evidence; it is lower than the 2.2 mg/L HC5 value derived via reanalysis of treated water 
toxicity data for the Talinga WTF – a system very similar to the Spring Gully WTF, and the 2.7 mg/L 
protective value derived using dual SSDs with paired toxicity and deficiency data. Furthermore, the 
site-adapted guideline value is substantially lower than chronic boron guideline values promulgated 
by many state and national regulatory agencies, which range from 0.94 to 10.0 mg/L with an average 
of 4.2 mg/L. This protective guideline value was derived in accordance with the methodology 
described in Warne et al., (2018), van Dam et al., (2019), and DES (2022). Based on this review, 
discharge of treated water from the Spring Gully WTF containing 2.0 to 2.7 mg/L boron will be 
protective of all relevant environmental values in the Eurombah Creek basin. The site-adapted 
guideline value of 2.0 mg/L boron is conservative and represents a significant improvement and 
reduction in uncertainty over the current DGV for 95 percent species protection. 

The findings of this review have led to a significant reduction in uncertainty around boron guideline 
values that are protective of relevant environmental values in Eurombah Creek. This review has also 
identified multiple information gaps, where more detailed assessment may be warranted and should 
be considered for later phases of this project. Although collection of direct toxicity assessment (DTA) 
data could facilitate site-specific guideline derivation and should be considered, many of the data 
gaps and recommendations are intended to address shortcomings in the existing regulatory 
guidelines that could potentially be resolved through further reanalysis and scrutiny of existing 
boron toxicity data in accordance with the ANZG methodology (Warne et al., 2018) or through 
focused supplemental laboratory toxicity testing. Careful consideration must be given to study 
design and selection to derive reliable boron guideline values due to the role of boron as an essential 
element. Identified data gaps can be broadly categorised into three main themes:  

1. The inherent uncertainty of existing aquatic boron guideline values due to reliance on 
questionable quality toxicity data;  

2. Uncertainty with respect to the capacity of toxicity modifying factors (TMFs) to ameliorate 
aquatic boron toxicity; and  
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3. The paucity of quantifiable boron requirements and deficiency-based effects concentrations 
for many species, despite the growing body of literature describing the essentiality of boron.  

Additional literature review of aquatic boron toxicity studies is warranted to understand whether 
other high-quality toxicity data exist that can be incorporated into the refined ANZG dataset used to 
generate the SSDs for the scenario considered in the sensitivity analysis performed. This is 
particularly important for species with a demonstrated physiological requirement for boron and for 
species that were removed from the ANZG dataset due to being sourced from poor-quality studies. 
In the interim, an aquatic boron guideline value of 2.0 mg/L at the release point from the Spring 
Gully WTF is recommended to protect livestock watering, crop irrigation, and aquatic ecosystems in 
the downstream environment.  

Focused toxicity testing with variable concentrations of hardness, alkalinity, dissolved organic carbon 
(DOC), or pH will help to elucidate the potential ameliorating effects that these water quality 
parameters may have on boron toxicity in freshwater. This will help to constrain site-specific boron 
concentration ranges that are protective of aquatic receptors in Eurombah Creek, particularly during 
low flow conditions. These toxicity tests should be designed carefully to alleviate some of the 
uncertainty regarding the potential ameliorating effects of common TMFs on boron toxicity. Toxicity 
data generated from these tests will also help bolster the existing dataset used for guideline 
derivation. The boron guideline values derived for the protection of ecosystems in this work do not 
account for the potential ameliorating capacity of TMFs. It is likely that incorporating consideration 
towards TMFs would result in increased protective boron guideline values for aquatic receptors in 
Eurombah Creek.  

The literature review and dual SSDs that were developed as part of this work demonstrated that a 
similar level of species protection may be provided by a range of boron concentrations when both 
toxicity and deficiency are considered. This evaluation, based on the limited set of paired toxicity 
and deficiency-based endpoints currently available in peer-reviewed literature, resulted in a boron 
concentration of 2.7 mg/L that maximised the percentage of species protected when accounting for 
deleterious effects from toxicity and deficiency. Further investigation is warranted to identify boron 
requirements for additional species, particularly those species that inhabit Eurombah Creek, to 
ensure that a holistic approach that considers the potential for adverse effects stemming from both 
toxicity and deficiency is applied. Identification and incorporation of toxicity and deficiency data for 
additional species as the scientific understanding of boron essentiality continues to progress would 
likely result in protective concentrations greater than 2.0 mg/L.
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1 Introduction and Background 

1.1 Aims and Objectives 

Boron-bearing produced water is a natural by-product of coal seam gas (CSG) extraction. 
Inconsistent regulation of boron releases to the aquatic environment presents a challenge to 
industries that produce and discharge boron. Risk-based frameworks are needed, as limited 
remedial approaches are available to treat boron and are not cost-effective. This exacerbates efforts 
to effectively manage and dispose of boron-containing by-products. It is recognised that effective 
management of boron releases to the aquatic environment requires careful consideration of 
regional and site-specific factors to ensure acceptable water quality limits are attained in the 
receiving environment.  

The aim of this work is to provide a scientifically sound basis to inform the development of interim 
aquatic boron guideline values that are protective of livestock watering, crop irrigation, and aquatic 
ecosystems within Eurombah Creek. This work is focused on the management of boron in releases of 
treated water from the Spring Gully water treatment facility (WTF). Details presented herein have 
been synthesised using available public datasets, peer-reviewed primary literature, and site- and/or 
facility-specific information provided by Origin Energy Ltd or other regional stakeholders. 

The topics discussed herein represent the first phase of a multi-phase study. The first phase is 
focused on a critical review and synthesis of available information and data on boron aquatic 
ecotoxicity, crop irrigation, and livestock watering and how that information is linked to regulatory 
frameworks in Australia.  

The objectives of this report are to: 

 Review and summarise primary source literature on boron toxicity, essentiality, and 
deficiency in freshwaters and associated data gaps;  

 Provide a critical review of existing aquatic and terrestrial boron guidance and regulations 
governing the release of boron to surface waters; and 

 Support the determination of region-specific boron criteria protective of livestock watering, 
crop irrigation, and aquatic ecosystems in Eurombah Creek.  

It is necessary to collate and synthesise this information to assess the technical veracity of relevant 
boron toxicological studies and their use in informing guidelines that are protective of 
environmental values and beneficial uses. This information is intended to assist Origin Energy in 
defining the significance of the information gaps and uncertainties in the context of current and 
future regulation of boron releases to surface water from the Spring Gully WTF. 

1.2 Study Area Focus  

The evaluation is focused on Eurombah Creek, an ephemeral waterway that is a tributary to the 
Dawson River, the largest tributary of the Fitzroy River. The Dawson River catchment is the largest 
sub-catchment of the Fitzroy River catchment, comprising 50,000 square kilometres (km2) of the 
total 142,000-km2 Fitzroy River catchment. The Eurombah Creek catchment represents a small 
portion of the Dawson River catchment (3,000 km2) and rises in the Great Dividing Ranges between 
Roma and Injune, reaching elevations of up to 620 metres (m) above the Australian Height Datum 
(AHD). The catchment drains in a generally north-easterly direction before discharging into the 
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Dawson River approximately 85 km downstream of Spring Gully. The Spring Gully development area 
and associated catchments are shown in Figure 1 (attached). 

The current environmental authority (EA; EPPG00885313) approves release of desalinated produced 
water at the rate of 10.2 megalitres per day (MLD) from the Spring Gully WTF to Eurombah Creek via 
a tributary known as Eastern Gully (Figure 1, attached). Releases to the Eurombah Creek have not 
occurred since 17 March 2016, as 100 percent of treated water has been beneficially used, primarily 
via irrigation; however, release of treated water to Eurombah Creek is being considered to manage 
produced water.  

The current boron release limit at the point of release to Eastern Gully is 1.0 milligrams per litre 
(mg/L) (EA EPPG00885313), which is intended to protect aquatic ecosystems in Eurombah Creek 
(Acqua Della Vita, 2016). Since Eurombah Creek is a source of irrigation water and stock drinking 
water for agricultural and livestock activities, concentrations of boron at downstream points of take 
must also be protective of other realised beneficial uses, such as the protection of crops and 
livestock. This report provides an overview and reanalysis of existing regulatory guidelines related to 
the protection of these beneficial uses in the Eurombah Creek catchment with a specific focus on 
boron and the key considerations that must be accounted for when deriving protective guideline 
values for essential elements.  

1.3 Report Structure 

The document is structured as follows: 

 Section 2 – Fundamentals of Boron Toxicity: Provides a summary of the state of the science 
regarding the toxicity of boron to aquatic receptors. 

 Section 3 – Boron Regulatory Guidelines: Describes the focused review of surface water 
boron guidance for the protection of livestock watering, crop irrigation, and aquatic 
ecosystems, including the basis and associated toxicological studies supporting the guidance, 
if relevant, and regulations governing the release of boron to surface waters. 

 Section 4 – Conclusions: Provides a synthesis of key findings. 

 Section 5 – Data Gaps and Recommendations: Provides a synthesis of key 
recommendations and data gaps. 

 Section 6 – References: List of works cited in this report. 
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2 Fundamentals of Boron Toxicity 

2.1 Introduction 

A comprehensive understanding of aquatic ecotoxicity literature is needed to determine appropriate 
limits for managing surface water boron in freshwater environments. A high degree of variability 
exists in regional background conditions influencing surface water boron concentrations, and boron 
aquatic life guidance is often uncertain and variable across regulatory frameworks. The objectives of 
this boron toxicity review are to: 

1. Summarise the available peer-reviewed literature on toxicity to freshwater organisms;  
2. Describe the implications of boron essentiality for toxicity study design and the guideline 

derivation process;  
3. Explore how certain factors, such as physical or chemical water quality conditions, may 

ameliorate or modify the toxicity of boron; and  
4. Identify key information gaps or uncertainties where additional information is needed to 

derive more technically sound guideline values.  

Background regulatory documents on water quality criteria derivation approach considered in this 
review include: 

 Warne, M., Batley, G., van Dam, R., Chapman, J., Fox, D., Hickey, C. and Stauber, J. 2018. 
Revised Method for Deriving Australian and New Zealand Water Quality Guideline Values for 
Toxicants – update of 2015 version. Prepared for the revision of the Australian and New 
Zealand Guidelines for Fresh and Marine Water Quality. Australian and New Zealand 
Governments and Australian state and territory governments, Canberra, 48 pp. 

 van Dam, R. A., Hogan, A. C., Harford, A. J., & Humphrey, C. L. 2019. How Specific Is Site-
Specific? A Review and Guidance for Selecting and Evaluating Approaches for Deriving Local 
Water Quality Benchmarks. Integrated Environmental Assessment and Management, 15(5), 
683–702. https://doi.org/10.1002/ieam.4181 

 Australia and New Zealand Guidelines (ANZG). 2020. Assessing and managing water quality 
in temporary waters. Australian and New Zealand Guidelines for Fresh and Marine Water 
Quality. Australian and New Zealand Governments and Australian state and territory 
governments, Canberra, 59 pp. 

 ANZG (2021). Australian and New Zealand Guidelines for Fresh and Marine Water Quality: 
Toxicant Default Guideline Values for aquatic ecosystem protection: Boron in freshwater – 
Technical brief. July 2021. 

 Queensland Department of Environment and Science (DES). 2022. Guideline Environmental 
Protection (Water and Wetland Biodiversity) Policy 2019 Deciding aquatic ecosystem 
indicators and local water quality guideline values, 43 pp. 

2.1.1 Key Findings 

The key findings provided below are intended to succinctly address the objectives and core 
questions of the review  

Although boron is toxic at high concentrations, it is also an essential micronutrient required for life 
by all plants. More recently, boron requirements have also been demonstrated for fish, amphibians, 
phytoplankton, and bacteria species. This dual role of boron as toxicant and essential micronutrient 
presents unique challenges at the study level and regulatory level for accurately quantifying aquatic 
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boron toxicity. These challenges have contributed to the considerable uncertainty that is present in 
the wide range of established ecological guideline values for boron in freshwater.  

Several studies have focused on the ameliorating effect of water quality parameters on boron 
toxicity; however, these studies have resulted in inconclusive or inconsistent findings. Further 
research on this topic is warranted to better understand the capacity of water quality parameters to 
modify boron toxicity and to reduce the uncertainty inherent in existing boron guideline values. 
Expansion of this approach will ensure that the development of future aquatic life criteria 
appropriately considers site-specific water quality conditions. 

Dual SSDs were developed based on endpoints compiled from peer-reviewed literature for aquatic 
species This evaluation resulted in a boron concentration of 2.7 mg/L that maximised the percentage 
of species protected when accounting for deleterious effects from toxicity and deficiency. This value 
can serve as a useful reference point for interpreting boron guideline values derived using other 
approaches. 

As the body of scientific literature on boron toxicity and essentiality continues to grow, focus should 
be placed on assessing the quality of existing ecotoxicity studies on boron in freshwater to ensure 
the integrity of toxicity data that ultimately informs regulatory guidelines and to ensure that these 
guidelines keep pace with the state of the science.  

2.2 Toxicity Overview 

Sections 2.2.1 through 2.2.4 provide an overview of boron ecotoxicity, essentiality, and 
considerations for accurately quantifying toxicity Section 2.3 discuses current data gaps and 
implications for aquatic and terrestrial receptors. 

2.2.1 Aquatic Boron Toxicity 

Boron is naturally derived from the weathering of rocks and minerals and is highly soluble. Boron is 
primarily present in natural freshwaters as undissociated boric acid (H3BO3), but the relative 
abundance of borate anion (B(OH-

4)) will increase as pH increases (Soucek et al., 2011). Boron is a 
conservative element in seawater, with a normal concentration of 4.5 mg/L (Butterwick et al., 1989). 
Typical concentrations in freshwater vary based on regional geology but are typically lower than 
those found in seawater. Aquatic toxicity of boron varies by taxonomic group, with chronic effects 
concentrations ranging from 15 to 55 mg/L for amphibians, less than 10 mg/L to greater than 100 
mg/L for fish, and generally less than 10 mg/L for invertebrates and algae species. There is no 
evidence that boron bioaccumulates in aquatic receptors (Butterwick et al., 1989; Thompson et al., 
1976), as suggested by the low log octanol-water partition coefficient of 0.175 for boric acid (Howe, 
1998). Boron accumulates in both aquatic and terrestrial plants, but it does not magnify through the 
food chain (Wren et al., 1983). 

Although boron is a toxicant at high concentrations, it is also an essential micronutrient that has 
been known to be required by plants for almost 100 years (Warrington, 1923) and various 
phytoplankton species for over 50 years (Lewin, 1966a; 1966b; 1976; McIlrath & Skok, 1958; Smyth 
and Dugger, 1981; Zhang et al., 2021). More recently, boron requirements have also been 
demonstrated for fish (Eckhert, 1998; Rowe et al., 1998; Rowe & Eckhert, 1999), amphibians (Fort, 
1999), chemical-signalling in bacteria (Chen et al., 2002; Coulthurst et al., 2002) and potentially even 
humans (Bita et al., 2022). While numerous aquatic boron ecotoxicity studies exist, comparatively, 
little work has been conducted on the essentiality of boron outside of agriculture. Furthermore, very 
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few toxicity studies acknowledge the possibility that the test species may exhibit a boron 
requirement, below which symptoms of deficiency may occur. This can almost certainly be 
attributed to the timing of the toxicity studies occurring prior to the first published findings of boron 
essentiality in animal species (Eckhert, 1998; Rowe et al., 1998; Rowe & Eckhert, 1999; Fort, 1999; 
Loewengart, 2001).  

In plants, boron plays a role in production of plant growth regulators, biosynthesis of nucleic acids 
and phenolic acid, respiration, carbohydrate metabolism, sugar translocation, pollen germination, 
hormone action, membrane structure and function and cell-wall crosslinking (Howe, 1998; Eisler, 
1990). The ability of the boron atom to form complexes is considered to be the key explanation of 
why it is essential to higher plants (EPA 1975), although the specific mechanism of action is still 
uncertain (Eisler, 1990). Similarly for humans and animals, boron has beneficial effects on various 
biological functions including reproduction, growth, calcium metabolism, bone formation, energy 
metabolism, immunity, and brain function (Bita et al., 2022); however, the specific biochemical 
function of boron in these processes remains unknown (Nielsen, 2020).  

The progress of understanding the duality of trace element behaviour in biological systems has 
historically focused on the toxic effects first, followed later by the effects of deficiency, as was the 
case for selenium (Fort et al., 2002). It appears that boron is currently somewhere in the middle of 
this continuum. The toxic effects in the aquatic environment are well-documented, while the 
understanding of deficiency and essentiality remain ripe for further research (Fort et al., 2002). As 
this progression of understanding continues, it is important that water quality guidelines are re-
evaluated to ensure that they keep pace with the state of the science. This is particularly relevant for 
boron due to the large body of work conducted to characterise toxicity prior to recognition of boron 
as an essential element for some animal species. Early studies on boron toxicity that did not 
recognise boron deficiency as a potential stressor may have been conducted without true controls, 
as the controls typically consisted of test solutions with no boron added (Loewengart, 2001). This 
study design implicitly assumes that the optimal concentration of boron is zero, which numerous 
studies for multiple phyla have disproven. Whilst this underlying assumption would be safe for many 
‘typical toxicants’ that lack a so-called range of deficiency, it is not appropriate for essential 
micronutrients.  

As effects determinations are highly dependent on study design (Shearer, 2000), this can result in 
increased uncertainty when determining hypothesis-based effects concentrations, which are 
typically estimated relative to the response in the study control. Common examples include no 
observed effects concentrations (NOECs; the greatest tested concentration that is not significantly 
different from the control) and lowest observed effects concentrations (LOECs; the lowest tested 
concentration that is significantly different from the control), as well as regression-based effects 
concentrations (ECx), which are estimated at specific effect sizes (x percent) relative to the control. 
Ultimately, this uncertainty can be propagated into SSDs and resultant criteria, which may be 
contributing to the current lack of consensus amongst boron guideline values for the protection of 
aquatic life.  

In this review, key considerations for determining the toxicity of boron are summarised with a focus 
on endpoint identification in toxicity assessments and SSDs in guideline derivation. Considerations 
for both study design and guideline value derivation are proposed for boron and other essential 
elements that may address some of the challenges that these elements have posed at the regulatory 
level and make recommendations for best practices and novel frameworks that better address 
elements that can be both toxic and essential.  
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2.2.2 Endpoint Identification for Essential Elements 

Study design is paramount for toxicity tests conducted for essential elements that are required to 
support adequate growth, reproduction, and health throughout the life cycle of an organism if all 
other nutrients are optimal (Anke, 2004), because there are additional factors that must be 
considered beyond those required for testing typical toxicants. These additional considerations stem 
from the fact that there is a non-zero optimal concentration or range of concentrations, below and 
above which deleterious effects may be expected to occur (Figure 2-1A). This dose-response 
relationship is typical for essential micronutrients like boron, as well as trace elements, such as 
chromium, cobalt, and selenium (Eaton and Klaassen, 2001). Identification of the optimal 
concentration is critical for toxicity testing because it is the concentration that should be used as the 
test control to contrast with sub-optimal conditions. Toxicity tests performed for typical toxicants 
with no range of deficiency almost always set the control at the concentration that is optimal for the 
test species (i.e., zero; Figure 2-1B). For essential micronutrients, the optimal concentration is, by 
definition, some value greater than zero. The difference in dose-response relationships between 
essentials elements and typical toxicants is depicted in Figure 2-1. Performance is intended to 
represent common toxicity test endpoints, such as reproduction or survival. Toxicant concentrations 
increase from left to right in each panel. 

 

Figure 2-1 Generic Dose-Response Curves for A) Essential Elements, and B) Typical Toxicants.  

Failure to identify the optimal concentration when performing toxicity tests can directly impact 
determinations of effects concentrations. Hypothesis-based effects concentrations, such as NOECs 
and LOECs, are usually determined by identifying statistically significant differences in endpoints 
between test concentrations and the control. The LOEC is the lowest tested concentration that is 
significantly different from the control, and the NOEC is the greatest tested concentration that is not 
significantly different from the control. The control concentration is therefore a key component in 
the statistical evaluation of test results. Using a 0 mg/L boron control could lead to inaccurate 
determinations of effects concentrations because the comparison point for statistical tests could be 
reflective of a deficient effect. For example, selection of a control at a concentration that is in the 
deficiency range could result in an overestimation of the NOEC and LOEC (Figure 2-2). Regression-
based effects estimates, such as a 10 percent effect concentration (EC10), have become increasingly 
favoured over the use of NOECs and LOECs in ecotoxicological assessments (Fox and Landis, 2016; 
Warne and van Dam, 2008; Bruce and Versteeg, 1992). These ECx estimates, however, are also 
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sensitive to the selection of the control concentration because they are defined by a specific 
percentage difference in response compared to the control. Selection of a control concentration in 
the deficiency range could therefore lead to an overestimation of ECx as well. Understanding the 
shape of the dose-response curve therefore has important implications in toxicity assessments 
(Eaton and Klaassen, 2001).  

 

Figure 2-2 Impact on Determination of NOEC and LOEC Values with A) a Properly Selected 
Test Control, and B) a Test Control set in the Deficiency Range.  

Although accurate identification of the optimal concentration range is necessary to reliably estimate 
effects concentrations, toxicity tests for essential elements are often not designed to precisely 
constrain the optimal concentration. In dietary nutrient studies, Shearer (2000) proposed that a 
common design problem is dose increments that are too large, preventing accurate determination 
of the nutrient requirement. This problem applies to toxicity studies for essential micronutrients and 
trace elements as well, particularly for boron, manganese, and selenium due to the typically small 
concentration range that exists between deficiency and toxicity (Luoma and Rainbow, 2009; 
Schilling, 2004; Howe, 1998). Intuitively, large spacing between test concentrations will lead to 
increased uncertainty when performing toxicity tests for any toxicant. For example, Rowe et al., 
(1998) exposed zebrafish embryos to 0, 13, 99.5, 200, 400, and 800 mg/L boron and determined that 
the NOEC was 13 mg/L and the LOEC was 99.5 mg/L because there were no intermediate data points 
to constrain these estimates. While this is an extreme example, it illustrates how large spacing of 
test concentrations can lead to uncertainty in effects determinations by driving underestimations of 
the true NOEC and overestimations of the true LOEC. Numerous examples of this exist in the 
scientific literature on aquatic boron toxicity, such as:  

 Gersich (1984): NOEC = 28 mg/L; LOEC = 56 mg/L 

 Lewis and Valentine (1981): NOEC = 27 mg/L; LOEC = 53 mg/L  

 Wilkinson (1985): NOEC = 10 mg/L; LOEC = 30 mg/L  

Each of these NOEC values, and others from the same studies, have been used in the generation of 
SSDs to inform recently promulgated boron guideline values for the protection of freshwater aquatic 
life (ANZG, 2021). The use of maximum allowable toxicant concentrations (MATCs), the geometric 
mean value of the NOEC and LOEC, are one potential solution for reducing the uncertainty between 
NOECs and LOECs from studies with large test concentration spacings.  
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While large spacing of test concentrations can lead to increased uncertainty with any toxicant, it can 
be particularly problematic for essential elements when attempting to estimate the optimal 
concentration. As demonstrated in Figure 2-2, accurate determination of the optimal concentration 
is critical for determining relevant effects measures as these effects can only be defined relative to 
the control. To accurately characterise the dose-response relationship for an essential element the 
spacing between test concentrations must be sufficiently small so that the range of optimality can be 
constrained. For typical toxicants, this is not a major concern because it is generally safe to assume 
that the portion of the dose-response curve between zero and the onset of discernible toxic effects 
is flat (Figure 2-1B). For essential micronutrients, however, the response between zero and the 
onset of toxicity may be nonlinear due to deficiency at low concentrations (Figure 2-1A). The 
characteristic inverted U-shape of the dose-response curve complicates determination of effects 
concentrations when the spacing between test concentrations is too large. For example, selected 
test concentrations could be distributed in such a way that the narrow range of optimality for a trace 
element like boron or selenium is missed entirely. This type of study design flaw could result in a 
perceived NOEC at a concentration in the deficiency range (Figure 2-3A) or in the toxicity range 
Figure 2-3B), depending on the test concentrations selected. Use of a nonlinear model alone would 
not address this problem if the test conditions were not appropriately spaced to avoid the 
appearance of a monotonically decreasing response (Figure 2-3). Similar to the NOEC and LOEC, this 
statistical artifact would result in unreliable estimates of ECx. 

 

Figure 2-3 Impact on Determination of NOEC and LOEC Values with A) Test Concentrations 
that are Too Closely Spaced, and B) Test Concentrations that are Spaced Too Far Apart.  

While theoretical data are presented in Figure 2-3 to help illustrate this concept, examples of large 
dose spacing obscuring the range of optimality also exist in the literature. A study investigating the 
boron requirement for the algae species Chlorella vulgaris cultured cells in solutions containing 0.0, 
0.5, 1.0, and 5.0 mg/L boron and concluded that boron had no stimulatory effects on growth after 
finding no statistically significant differences between any treatments (Bowen et al., 1965). Recently, 
Zhang et al., (2021) cultured C. vulgaris in solutions containing 0.0, 2.0, 3.1, 4.9, 7.6, 11.8, 18.5, 28.8, 
44.9, and 70.0 mg/L boron and found that growth was stimulated in the 2.0 and 3.1 mg/L boron 
treatments relative to the 0.0 and 4.9 mg/L treatments. This example highlights the narrow window 
of optimality that is characteristic of this element and the need for closely spaced test 
concentrations to accurately constrain the optimal range. Failure to precisely identify the range of 
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optimality could lead to the determination of effects concentrations that are biased either high or 
low, depending on study design.  

2.2.3 Species Sensitivity Distributions for Essential Elements 

An SSD is a probability model of the variation of species sensitivities to chemical exposure. SSDs are 
useful for deriving toxicant-specific guideline values for the protection of ecosystems that 
correspond to defined levels of acceptable risk. SSDs are a popular regulatory tool used to inform 
regulations in Canada (CCME, 2007), Australia and New Zealand (ANZG, 2018), Europe (ECHA, 2008), 
and other jurisdictions. Despite challenges related to sample size and distribution type (Fox et al., 
2020; Hickey and Craig, 2012; Forbes et al., 2002; Newman et al., 2000; Warne, 1998), SSDs have had 
a significant influence on national and international decision-making regarding assessments of 
chemical exposure to ecosystems (Belanger et al., 2016). When fitting SSDs, effects concentrations 
corresponding to specific endpoints from multiple studies are compiled and modelled using a 
cumulative distribution function before discrete percentiles of the ensuing distribution are 
calculated for use as protective guideline values. For example, a 5th percentile hazard concentration 
(HC5) is typically derived to determine the concentration where no adverse effects are expected for 
95 percent of test species (Figure 2-4A). Consequently, concentrations equal to or less than the HC5 
will be protective of at least 95 percent of species tested. While the SSD framework is powerful for 
typical toxicants, it does not account for the possibility of essentiality and implicitly assumes that 
lower concentrations will always lead to increased species protection. This underlying assumption of 
the SSD framework does not align with the known inverted U-shaped dose-response relationship 
characteristic of essential elements (Figure 2-1B; Eaton and Klaassen, 2001). This calls into question 
the purported efficacy of HC5 values derived from SSDs for essential micronutrients and trace 
elements.  

In Figure 2-4B the area shaded dark yellow represents the proportion of species that would exhibit 
symptoms of deficiency at the HC5 value indicated (25 percent). The area shaded dark orange 
represents the proportion of species that would exhibit symptoms of toxicity at the HC5 value 
indicated (5 percent). If this HC5 value were adopted for use as a guideline value, it may only be 
protective for 70 percent of species, as 5 percent of species may experience deleterious effects from 
toxicity, and 25 percent of species may experience deleterious effects from deficiency. 
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Figure 2-4 Conceptual SSDs for A) Typical Toxicants, and B) Essential Elements.  

If physiological requirements for some species are greater than a derived HC5 value, fewer than 95 
percent of species would be protected when deleterious effects stemming from both toxicity and 
deficiency are considered. This idea is shown conceptually in Figure 2-4B. With sufficient data, a 
second SSD representing species sensitivities to deficiency-based effects could be fit and plotted in 
the same space as the standard toxicity SSD. Some overlap between the deficiency SSD and the 
toxicity SSD would be expected if any two test species exhibit non-overlapping windows of 
optimality (Hopkin, 1993). Essential elements will fit this conceptual model if any range of 
concentrations that would cause deficiency in one species and toxicity in another species exists.  

Similar overlaps between deficiency and toxicity levels likely exist for other essential elements like 
boron, although deficiency data are currently lacking for many species. These inter-species 
differences in optimal and toxic concentration ranges lead to the situation portrayed conceptually in 
Figure 2-4B, where the percentage of species adversely affected by a given concentration is the sum 
of the percentage of species exhibiting toxicity and the percentage of species exhibiting deficiency. 
In this conceptual model, deficiency-based effects are plotted on a separate SSD with the percentage 
of species affected approaching 100 percent as the concentration of the essential element 
approaches zero (Figure 2-4B). This is helpful in illustrating the existence of a lower concentration 
bound for essential elements, below which species would not be considered protected. This 
demonstrates a fundamental disconnect between the standard SSD framework for estimating risk 
and the dose-response relationship for essential elements.  

One possible solution to reconcile the SSD framework with guideline derivation for essential 
elements is to build dual SSDs, such as those depicted in Figure 2-4B. Under this framework, one 
distribution would represent the cumulative distribution function of toxicity-based effects, and the 
other distribution would represent the cumulative distribution function of deficiency-based effects. 
The intersection of these two curves would be the concentration that minimises the combined area 
under the distributions and therefore minimises the percentage of species that may experience 
deleterious effects when exposed to the essential element in question However, this approach is 
contingent on the availability of deficiency-based effects data for the essential element in question. 
At present, there are far more effects data available for boron toxicity than there are for boron 
deficiency. The ideal version of this dual SSD model would include paired effects data, where a 
deficiency-based effect concentration and a toxicity-based effect concentration were included for 
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each species. This would provide the added benefit of identifying trends in receptor group sensitivity 
to the element in question, both with respect to toxicity and deficiency. For example, one receptor 
group may consistently exhibit a larger range of optimal concentrations than another receptor 
group, which could have important implications for site-specific assessments.  

Limited paired data of this nature is currently available for boron; however, some studies have 
reported toxicity and deficiency-based effects for the same species or have reported optimal 
concentrations where performance was decreased at both higher and lower test concentrations 
(Fort et al., 1999; Loewengart, 2001; Zhang et al., 2021). Using the effects data reported in these 
studies, empirical dual SSDs were generated for boron in freshwater using the ‘ssdtools’ package in R 
(Thorley and Shwarz, 2018; Figure 2-5).  

 

Figure 2-5 Empirical Dual SSDs for Boron in Freshwater Representing Deficiency-based Effects 
Concentrations and Toxicity-based Effects Concentrations for the Same 5 Species as Reported by 

Fort et al., (1999), Loewengart, (2001) and Zhang et al., (2021). 

The fact that these SSDs overlap serves as a proof-of-concept that the percentage of species 
adversely affected at a given boron concentration will always be the sum of the percentage of 
species exhibiting toxicity and deficiency. Therefore, any derived hazard concentration will be under-
protective if only toxicity is considered. In this specific example using the limited paired effects data 
that were available, the HC5 when considering only toxicity was 1.23 mg/L, which corresponds to 23 
percent of species being adversely affected by deficiency. This implies that 28 percent of species 
would be adversely affected due to toxicity or deficiency at a boron concentration of 1.23 mg/L. The 
HC5 value when considering only deficiency was 7.27 mg/L, which corresponds to 28 percent of 
species being adversely affected by toxicity, implying that 33 percent of species would be adversely 
affected at a boron concentration of 7.27 mg/L. Finally, the intersection of the two SSDs occurs at 
approximately 2.70 mg/L and corresponds to 12 percent of species being adversely affected due to 
toxicity and 12 percent of species being adversely affected due to deficiency. This scenario results in 
the lowest total percentage of species that would experience adverse effects (24 percent). Although 
this example is based on limited data, it empirically demonstrates that the conventional SSD 
approach to identifying protective values is inadequate for essential elements and results in 
protective values that are inherently less conservative. This also means that guideline values for 
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essential elements cannot be managed by the same level of protection approach as other 
constituents.  

2.2.4 Water Quality Parameters Affecting Toxicity 

Water quality parameters have been shown to affect the toxicity of certain chemical constituents, 
particularly metals, to ecological receptors. Water quality parameters that ameliorate or otherwise 
impact the ecotoxicity of other chemical constituents are referred to as toxicity modifying factors 
(TMFs). The effect of TMFs on the toxicity of metals, such as copper and aluminium, has been widely 
studied; however, the effects of TMFs on boron toxicity are not as well understood. Some studies 
have been published on the effects of hardness, dissolved organic carbon (DOC), pH, and the 
presence of other ions, including chloride and sulphates, on the toxicity of boron in the aquatic 
environment. These water quality parameters will be the primary focus of this review. The presence 
of TMFs may lead to reduced boron toxicity; however, these effects have not been fully evaluated 
and there is still considerable uncertainty regarding the mechanisms by which some of these 
parameters may modify boron toxicity. A summary of peer-reviewed literature describing the effects 
of these TMFs as they relate to boron is provided In Sections 2.2.4.1 through 2.2.4.4. Based on the 
findings presented, further investigation of the capacity of these water quality parameters to impact 
the toxicity of boron in freshwater is warranted.  

2.2.4.1 Hardness and Alkalinity 

Hardness is a measure of the two most prevalent divalent metal cations, calcium (Ca) and 
magnesium (Mg). In toxicological assessments, water hardness is typically expressed in units of 
milligrams calcium carbonate per litre (mg/CaCO3). In the absence of explicitly stated concentrations, 
hardness can be computed by calculation using Method 2340 B (APHA, 1995) as follows: 

Hardness, mg equivalent CaCO3/L = 2.497 x [Ca, mg/L] + 4.188 [Mg, mg/L]  

Where Ca and Mg are the soluble fractions of calcium and magnesium, respectively.  

These metal cations have the potential to form weak complexes with borate anions in freshwaters 
and reduce overall toxicity (Butterwick et al., 1989). It should be noted that other compounds, such 
as iron, aluminium, and manganese, can also influence the total hardness of water.  

Hardness has the capacity to affect boron toxicity predominately by forming ion pairs with cations 
that are present in harder waters. Aqueous boron is predominately present in as boric acid, which is 
a stable and highly soluble chemical species (Butterwick, 1989). Other species of boron, such as 
borates (found as boron oxyanions), may form ion pairs with cations that are present in natural 
waters, including calcium or magnesium found in hard waters. In seawater, 44 percent of the total 
borate ion is complexed with calcium, magnesium, and sodium ions (Eisler, 1990). These metal-
cation complexes with boron may reduce overall toxicity, suggesting a possible ameliorating effect of 
hard waters. A study by Dethloff et al. (2008) noted that water with hardness greater than 500 mg/L 
may reduce acute boron toxicity. This is consistent with a study by Maier and Knight (1991), which 
indicated that increased hardness resulted in a small reduction in mortality.  Further research is 
warranted to better understand the impact of hardness on boron toxicity. 

Alkalinity is the acid-neutralizing capacity of water and represents the sum of all the titratable bases 
present, such as carbonate, bicarbonate, and hydroxide (Method 2320A; APHA, 1995). Presence of 
phosphates, and other compounds also may contribute to the sum of bases present in surface water 
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contributing to alkalinity. Although there has been limited work focusing specifically on the effect of 
alkalinity on boron toxicity, for other metals such as copper, the presence of increased hydroxyl 
groups (greater alkalinity) forms less toxic copper-base complexes (Stiff, 1971; Pagenkopf et al., 
1974). A study by Dethloff et al. (2008) identified alkalinity as a potential ameliorating factor for 
boron toxicity; however, the results of the study did not provide compelling evidence to support the 
role of alkalinity as a TMF for boron. The effects of alkalinity on boron toxicity are therefore 
uncertain.  

2.2.4.2 Dissolved Organic Carbon 

Dissolved organic matter (DOM) is a heterogenous composition of water-soluble compounds from 
terrestrial or aquatic derived sources containing dissolved organic carbon (DOC; Harnett 2017). DOC 
is the fraction of organic carbon that can pass through a filter typically ranging from 0.22-0.70 
micrometre (μm). DOM is ubiquitous in natural waters and its presence has been shown to provide a 
reduction in the bioaccumulation and toxicity of various metals (Dethloff et al., 2008; Campbell and 
Evans, 1987; Brauner and Wood, 2002). Boron can form stable complexes with organic compounds, 
which has the potential to reduce ecotoxicity and bioaccumulation. A study by Dethloff et al., (2008) 
noted that increasing DOC concentrations decreased boron toxicity. However, the effect of DOC as a 
TMF was limited to the lower end of DOC additions and no effect was seen as a result of greater DOC 
concentrations. Therefore, there is still uncertainty with respect to the toxicity modifying capacity of 
DOC on boron in freshwaters and further investigation is warranted.  

2.2.4.3 pH 

pH is the expression of hydrogen ion concentration in water. The pH of an aqueous solution is the 
negative logarithm of hydrogen ions (H+) expressed as moles/L in an aqueous solution. pH provides 
an indication the basicity or acidity of a solution. The speciation of dissolved boron is largely 
governed by pH, with the undissociated boric acid being the dominant species at low to 
circumneutral pH and borate anion becoming increasingly present at higher pH. Dethloff et al., 
(2008) indicated that a 1 unit decrease in pH appeared to increase acute boron toxicity to aquatic 
receptors. Greater decreases in pH may provide a greater increase in boron toxicity. Assessing the 
role of pH on boron toxicology provides additional challenges due to the limitation of the test 
species tolerance to pH independent of other parameters. The toxicity modifying potential of pH and 
the toxicity of borate anion relative to boric acid warrant further investigation.  

2.2.4.4 Chloride and Sulphate 

Chloride can be a dominant anion in water and has the capacity to displace other biologically 
interactive anions. Chloride concentrations have been observed to decrease the toxicity of other 
chemical constituents such as sulphate and nitrite (Soucek et al., 2011) and fluoride (Parker et al., 
2022). It is not clear how chloride impacts boron toxicity. Studies have produced conflicting results 
indicating that boron toxicity increased and decreased with increased chloride concentrations 
(Dethloff et al., 2008 and Soucek et al., 2011, respectively). Soucek et al., (2011) found that chloride 
was an important factor in the regulation of boron toxicity to H. 13zteca. The authors of this study 
concluded that interferences with chloride uptake in receptor species may increase the toxicity of 
boron as a result. 

Sulphate is an anion derived from sulphuric acid. The potential for sulphate to act as a TMF for boron 
has not been widely studied. A study published by Maier and Knight (1991) assessing the effects 
sulphate and hardness on boron toxicity indicated that there were no interactions between the 



DRAFT Eurombah Creek Boron Guideline Development 
October 2022 
Fundamentals of Boron Toxicity 
 

 
EHS Support LLC  14 

prevalence of sulphate anions and boron toxicity. There is potential, however, for sulphate anions to 
compete with borate anions in higher pH waters, which could impact the toxicity of boron to aquatic 
receptors.  

2.3 Summary, Data Gaps, and Implications 

Deriving robust risk-based water quality guideline values for essential elements is challenging. The 
wide range of promulgated chronic freshwater guideline values for boron is a testament to this 
challenge. The potential for TMFs, such as hardness, DOC, or pH, to impact the toxicity of boron in 
freshwater contributes additional uncertainty to this problem. Whilst the current SSD framework is 
likely the best available tool for deriving defensible water quality guideline values, it cannot account 
for the concepts of essentiality and deficiency in its current form. One of the key assumptions of the 
SSD is that the percentage of species affected always approaches zero as the concentration of a 
given toxicant approaches zero. Because this assumption is not valid for essential elements like 
boron, purported HC5 values derived from SSDs may actually be protective of fewer than 95 percent 
of species.  

Improving the outcome of the guideline derivation process for boron must start at the study level. 
Whilst closely spaced test concentrations in toxicity testing are always important, it is particularly 
crucial when conducting toxicity tests on essential elements to constrain the window of optimality 
and set an appropriate control concentration from which effects determinations can be based. 
Determination of effects should also be performed for concentrations above and below the 
identified optimal, so that statistically significant endpoints for both toxicity and deficiency can be 
quantified. Adopting these considerations at the study level will undoubtedly lead to a better 
understanding of ecological risk associated with essential elements and could pave the way towards 
more refined approaches, such as the dual SSD framework (Figure 2-4B), in the future.  

In the interim, focus should be placed on critically reviewing existing ecotoxicity studies on boron in 
freshwater to ensure the integrity of toxicity data that ultimately informs regulatory guidelines. 
Considerable uncertainties are present in aquatic boron toxicity studies. These have been 
propagated into existing regulatory guidelines, contributing to the lack of consensus amongst 
regulatory agencies on appropriate ecologically protective guideline values. Although the essentiality 
of boron is often acknowledged by regulatory bodies in the criteria derivation process, the 
implications for derived water quality guideline values are rarely explored. As demonstrated in the 
presented case study above (Figure 2-5), a similar level of species protection may be provided by a 
range of boron concentrations when both toxicity and deficiency are considered. Furthermore, 
depending on the degree of overlap between the toxicity SSD and the deficiency SSD, a 
concentration that is protective of 95 percent of species may not always exist, which highlights the 
importance of obtaining site-specific information.  

As the scientific understanding of deficiency and essentiality of boron progresses, water quality 
guidelines for these elements should be re-evaluated to verify the level of protection they provide 
and to ensure that regulations governing boron releases keep pace with the state of the science. 
Ultimately, this will lead to a more holistic view of ecological protection in the aquatic environment. 
In the interim, a guideline value of 2.7 mg/L boron is a reliable preliminary estimate of the 
freshwater boron concentration that will maximise species protection in the aquatic environment 
and can be used as one line of evidence for relevant protective guideline values. An improved 
understanding of the ameliorating capacity of TMFs on boron toxicity and deficiency endpoints for 
additional species will help to further refine this value and ultimately reduce uncertainty.  
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3 Boron Protective Values 

3.1 Introduction 

Many of the available guidelines for understanding the potential for unacceptable risk to aquatic 
organisms rely on antiquated scientific literature or toxicity studies that were designed and 
performed without accounting for the fact that boron is an essential micronutrient. A more robust 
approach is needed to inform criteria derivation based on a strong knowledge base of potential 
ecological risks of boron in the aquatic environment. Comprehensive knowledge of the toxicity 
literature and other assumptions supporting existing aquatic life criteria is needed to establish a 
more unified approach to boron management. The variability in ecologically protective boron criteria 
across regulatory regions has a profound and direct impact on industries that discharge boron. The 
objective of this surface water boron regulatory guidelines review is to provide a balanced 
perspective on issues pertaining to the management of boron-related risks to fresh surface waters 
within the focused assessment region. 

This section is comprised of the following review topics: 

 Site-specific guidelines governing surface water boron releases from CSG production in the 
Dawson River and Condamine River 

 Summary of livestock watering boron guidelines 

 Summary of crop irrigation water boron guidelines 

 Summary, discussion, and reanalysis of existing surface water boron criteria for the 
protection of aquatic ecosystems 

Criteria for the protection of aquatic ecosystems is compared across assessment regions. Across 
regions, regulatory bodies use the same building blocks of information to derive criteria. Although 
the specific details of the process may vary slightly from one region to another, the objective of 
aquatic ecological guideline derivation is always to establish concentrations that are protective of 
aquatic ecosystems and to reduce uncertainties that are inherent in ecological risk assessments. 
Despite this, considerable uncertainty persists in the scientific literature with respect to aquatic 
boron toxicity in freshwaters. Uncertainties present at the study-level are often propagated to the 
regulatory level, as regulatory guidelines rely on compiling toxicity data sourced from individual 
toxicity studies to derive guideline values. Some of the specific toxicological and methodological 
constraints that contributed to the uncertainty present in existing guideline values for boron are 
explored. This information will help identify gaps in regulatory frameworks and recommendations to 
better inform a more unified basis of guideline value derivation and regulations for aqueous boron. 

3.1.1 Key Findings 

The following key findings are intended to succinctly address the objectives and core questions of 
the review. 

 Boron concentrations that are considered protective of 95 percent of ecological receptors in 
the nearby Condamine and Dawson rivers based on toxicity-only approaches range from 1.4 
to 3.0 mg/L. 

 Boron concentrations that are protective of livestock watering for the Santa Gertrudis beef 
cattle that consume Eurombah Creek water range from 10.0 to 43.5 mg/L. 

 Corn, wheat, and oats are the only known crops currently irrigated with water from 
Eurombah Creek. ANZECC DGVs for these crops range from 0.75 to 2.0 mg/L boron. Based 
on an SSD approach and region-specific considerations, a boron concentration of 1.4 mg/L is 
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protective of current crop irrigation in the Eurombah Creek catchment and any future 
changes that could occur to cropping practices or water licenses.  

 Due to conditions in the one current water licence that authorises takes from Eurombah 
Creek for agricultural irrigation, water takes are only permitted when discharge in Eurombah 
Creek exceeds 562 MLD. This represents a 55 times dilution factor for the 10.2 MLD release 
limit from the Spring Gully WTF. Boron concentrations in released water from Spring Gully 
would need to exceed 77 mg/L to be greater than 1.4 mg/L at the licenced point of water 
take. The crop irrigation exposure pathway is therefore not considered a limiting criterion 
for boron release from the Sporing Gully WTF.  

 Boron guideline values for the protection of aquatic ecosystems range from 0.94 to 10.0 
mg/L across regulatory agencies.  

 Derived boron guideline values with a ‘Very High’ reliability rating that protect 95 percent of 
ecological receptors from toxicity range from 1.0 to 2.1 mg/L based on a review and re-
analysis of the recently promulgated ANZG (2021) DGVs for boron in freshwater. 

 The best fitting SSD based on a visual and statistical assessment resulted in a site-adapted 
aquatic life guideline value of 2.0 mg/L boron for 95 percent species protection. This value 
represents a significant improvement and reduction in uncertainty over the current DGV. 

 Based on the information reviewed, protection of aquatic ecosystems is the most sensitive 
environmental value for boron in Eurombah Creek and therefore represents the limiting 
criterion for proposed interim boron release limits from the Spring Gully WTF.  

3.2 Case Studies of Dawson River Release Scheme and Condamine River 

Two case studies where boron direct toxicity assessments (DTAs) were performed for waterways 
that are similar to Eurombah Creek are summarised in Sections 3.2.1 and 3.2.2. Each case study 
describes the toxicity testing that was preformed, the resultant 95 percent species protection values 
derived, and any uncertainties present in the assessments. It is understood that the work discussed 
below has been previously approved by Queensland DES and is applicable to Eurombah Creek due to 
the similarities between the water being released and the receiving environments. The work 
summarised in this section is intended to represent one line of evidence for boron guideline values 
that are protective of aquatic life in Eurombah Creek.  

3.2.1 Dawson River Release Scheme 

Ecotoxicity data generated from a DTA for the Dawson River Release Scheme (DRRS) was reviewed 
to understand whether this data could be used to support the derivation of site-specific boron 
release limits to Eurombah Creek. The DTA for DRRS included acute toxicity testing for two species 
and chronic toxicity testing for four species using Dawson River water with added boron (Halcrow, 
2013). These data were fit with an SSD that resulted in an HC5 value of 2.9 mg/L boron for the 95 
percent species protection level (AECOM, 2019). The toxicity data used to generate the SSD are 
provided in Table 3-1. 

Table 3-1 Toxicity Data from Halcrow (2013) Used to Generate the DRRS SSD 

Species 
Test 
Type 

Duration Endpoint 
Acute EC/IC50 

(mg/L) 
Chronic EC/IC10 

(mg/L) 

Chironomus tepperi1 Acute 48h Survival 159.4 15.9 

Ceriodaphnia dubia Acute 48h Survival 62 -- 

Ceriodaphnia dubia Chronic 7d Survival -- 63.3 
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Species 
Test 
Type 

Duration Endpoint 
Acute EC/IC50 

(mg/L) 
Chronic EC/IC10 

(mg/L) 

Selanstrum capricornutum Chronic 72h Growth inhibition -- 19.9 

Ceriodaphnia dubia Chronic 7d Reproduction -- 12.1 

Lemna disperma Chronic 7d Growth inhibition -- 1.9 

Melanotaenia splendida2 Chronic 10d 
Embryo development 
and survival 

-- >35 

Notes: 
Bold values in the Chronic EC/IC10 field were used to generate the SSD. 
‘--’ = Not applicable 
d = day 
EC = effects concentration 
H = hour 
IC = inhibitory concentration 
mg B/L = milligrams boron per litre 
1 The toxicity value for C. tepperi is an acute EC50 converted to a chronic EC10 using the default ACR of 10 recommended by 
ANZG (2018). 
2 There were no observed adverse effects for M. splendida at the highest concentration tested (35 mg/L) so this value is a 
conservative estimate of the EC10. 

The derived HC5 of 2.9 mg/L is a conservative estimate of the boron concentration that will be 
protective of at least 95 percent of species in the Dawson River. Numerous assumptions underlying 
this guideline derivation process contributed to this hazard concentration likely being an 
underestimate of the true concentration that is protective of 95 percent of species present in the 
Dawson River. For example, the EC10 used for C. tepperi was calculated by converting the acute 
EC50 (159.4 mg/L) by the default acute-to-chronic ratio (ACR) of 10, as recommended by Warne et 
al. (2018) in the absence of available information to derive an empirical ACR. However, C. dubia 
acute and chronic toxicity tests were performed during this same study using the same test waters, 
laboratory, and methodology. As C. dubia and C. tepperi are both invertebrates, it is appropriate to 
apply the ACR calculated from the C. dubia toxicity data to convert the acute C. tepperi EC50 values 
to corresponding chronic EC10 values. For C. dubia the acute EC50 was 62.0 mg/L and the chronic 
EC10 was 12.1 mg/L (Table 3-1), resulting in an ACR value of 5.1. Using this ACR of 5.1 to convert the 
C. tepperi acute EC50 value of 159.4 mg/L to a chronic EC10 value results in a value of 31.3 mg/L.  

Rerunning these chronic toxicity data in Burrlioz with the updated EC10 for C. tepperi results in an 
increase in the HC5 value from 2.9 mg/L to 3.0 mg/L (Figure 3-1; Appendix A). This result, however, 
suggests that the current boron release limit of 2.9 mg/L associated with the Dawson River EA 
(EPPG00928713; Santos, 2019) is conservative with respect to ecological protection in the Dawson 
River. This conservatism is further highlighted by the fact that the least sensitive species used in to 
generate the SSD, M. splendida, did not exhibit any adverse effects at the greatest test 
concentration in the DTA, and the value of 35 mg/L used to represent the EC10 for this species is 
therefore an underestimate of the true EC10 (Table 3-1). It is anticipated that the HC5 value would 
further increase if the imputed value of 35 mg/L were replaced with an observed EC10 value from 
additional toxicity testing for this species.  
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Figure 3-1 Revised SSD for the Halcrow (2013) DTA Data 

These findings are relevant to Eurombah Creek due to its close proximity and similar characteristics 
to the Dawson River. Although the Dawson River is a larger waterway than Eurombah Creek, there 
are similar land uses surrounding each waterway and similar species would be expected to reside in 
each waterway. Boron criteria that are protective of aquatic ecosystems in the Dawson River are 
therefore a useful reference and starting point for understanding the criteria that may offer a similar 
level of protection in Eurombah Creek.  

3.2.2 Condamine River Release Scheme 

Ecotoxicity data generated from a DTA for the Condamine River and associated Talinga WTF (Acqua 
Della Vita, 2014) were reviewed to understand whether this data could be used to support the 
derivation of site-specific boron release limits to Eurombah Creek. This DTA included acute toxicity 
testing for four species and chronic toxicity testing for four species using Condamine River water 
with added boron and treated CSG water from the Talinga WTF with added boron. These data were 
fit with SSDs that resulted in HC5 values of 1.0 mg/L boron and 1.3 mg/L boron for Condamine River 
water and treated CSG water, respectively (Acqua Della Vita, 2014). The reported EC10 values 
provided in Table 3-2 are the chronic toxicity data that were used to generate the SSDs in Acqua 
Della Vita, 2014.  
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Table 3-2 Chronic Toxicity Data from 2014 Condamine River and Talinga WTF DTA 

Species 
Test 
Type Duration Endpoint 

Condamine River 
Water Treated CSG Water  

Reported 
EC10 

(mg/L) 

Corrected 
EC10 

(mg/L) 

Reported 
EC10 

(mg/L) 

Corrected 
EC10 

(mg/L) 

Lemna 
disperma Chronic 7d Growth inhibition  1.4 1.4 1.3 1.3 

Selanastrum 
capricornutum Chronic 72h Growth inhibition  12.5 12.5 12.1 12.1 

Ceriodaphnia 
dubia Chronic 7d 

Mean number of 
eggs <5.8 <5.8 19.1 19.1 

Paratya 
australiensis Acute 96h Survival 7.1a 25a 37.2b 84.5b 

Melanotaenia 
splendia Chronic 10d 

Embryo 
development and 
survival 102.2 102.2 72.3 72.3 

Chironomus 
tepperi Acute 48h Survival >45a >45a 104.5b 104.5b 

Notes: 
a = Default ACR of 10 was used to convert acute EC50 values to chronic EC10 values. 
b = C. dubia ACR of 4.4 from same study was used to convert acute EC50 values to chronic EC10 values. 
CSG = coal seam gas 
d = day 
EC10 = 10% of maximal effect concentration determined through regression analysis of the dose response curve (Acqua Della 
Vita, 2014). 
h = hour 
mg/L = milligrams per litre 

In compiling the toxicity data presented in Table 3-2, it was noted that the EC10 values reported by 
Acqua Della Vita (2014) for P. australiensis were erroneously converted from acute effects 
concentrations to chronic effects concentrations. Although the ACR values selected were 
appropriate, the acute EC10 values were erroneously divided by the relevant ACRs, rather than the 
acute EC50 values, to calculate the reported chronic EC10 values for P. australiensis provided in 
Table 3-3. As stated in Warne et al. (2018), ACRs should be used to “convert acute LC/EC/IC/50 
values to chronic EC10/NOEC values”. In adherence to the guidance provided in Warne et al. (2018), 
chronic EC10 values for P. australiensis were re-calculated by dividing the acute EC50 values by the 
corresponding ACRs. The corrected chronic EC10 values for P. australiensis are provided in Table 3-2 
and the toxicity data used to calculate these corrected values are provided in Table 3-3. 

Table 3-3 Acute and Converted Chronic Toxicity Data from 96-hour Survival Tests for Paratya 
australiensis from the 2014 Condamine River DTA  

Test NOEC LOEC EC50 EC10 
ACR 

applied 
Reported 

Chronic EC10 
Calculated 

Chronic EC10 

Condamine River water 110 220 249.8 71.1 10 7.1 25 

Treated CSG water 220 430 372 163.7 4.4 37.2 84.5 

Notes: 
All values are expressed in terms of milligrams boron per litre 
ACR = acute to chronic ratio  
EC10 = 10% of maximal effect concentration determined through regression analysis of the dose response curve (Acqua Della 
Vita, 2014). 



DRAFT Eurombah Creek Boron Guideline Development 
October 2022 
Boron Protective Values 
 

 
EHS Support LLC  20 

EC50 = half maximal effect concentration determined through regression analysis of the dose response curve (Acqua Della 
Vita, 2014). 
LOEC = lowest observed effects concentration 
NOEC = no observed effects concentration 
Source: Acqua Della Vita, 2014 

The revision to the chronic EC10 values for P. australiensis has significant implications for the SSDs 
generated for Condamine River water and treated CSG water from the Talinga WTF. The corrected 
chronic toxicity data presented in Table 3-2 was input into Burrlioz to generate revised SSDs and 
determine revised HC5 values. The SSD generated for Condamine River water is presented in Figure 
3-2. After correcting the EC10 value for P. australiensis the revised boron HC5 is 1.4 mg/L (Appendix 
A). Similarly, the SSD generated for treated CSG water from the Talinga WTF is presented in Figure 
3-3. After correcting the EC10 value for P. australiensis the revised boron HC5 value is 2.2 mg/L 
(Appendix A). 

.  

Figure 3-2 Revised SSD for the 2014 Condamine River Water DTA Data 
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Figure 3-3 Revised SSD for the 2014 Talinga WTF Treated CSG Water DTA Data 

These revised HC5 values represent a significant increase in the protective concentration of boron 
for each water type, as compared to the values originally reported in Acqua Della Vita (2014). The 
reported HC5 values and revised HC5 values are provided in Table 3-4. 

Table 3-4 Comparison of Reported and Revised 5th Percentile Hazard Concentrations  

Value Condamine River Water Treated CSG Water 

Reported HC5 (mg/L) 1.0 1.3 

Revised HC5 (mg/L) 1.4 2.2 

Notes: 
CSG = coal seam gas 
HC5 = 5th percentile hazard concentration 
mg/L = milligrams per litre 
Source: Acqua Della Vita (2014) 

This review determined that the currently permitted boron release limit of 1.0 mg/L for the 
Condamine River EA (EPPG00968013) is overly conservative with respect to ecological protection. 
Following the correction of the converted chronic EC10 value for P. australiensis, the derived HC5 
value increased by 40 percent for Condamine River water and by 69 percent for treated CSG water.  

The applicability of the HC5 value derived for Condamine River water to waters of Eurombah Creek 
presents an uncertainty, as these waterways occupy different watersheds that may contain different 
aquatic receptors. The toxicity of boron in treated CSG water from the Talinga WTF, however, is 
particularly relevant to the Spring Gully release scheme at Eurombah Creek due to the ephemeral 
nature of Eurombah Creek. During and following precipitation events, Eurombah Creek waters are 
greatly diluted with stormwater runoff, however if treated CSG releases were to occur under 
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baseflow conditions, the composition of water in Eurombah Creek would largely reflect that of 
treated CSG water. The toxicity of boron in treated CSG water from the Talinga WTF is therefore the 
most relevant surrogate for the anticipated toxicity of boron in treated CSG water from the Spring 
Gully WTF. Based on the DTA results described above, a boron concentration of 2.2 mg/L would 
likely be protective of 95 percent of ecological receptors in Eurombah Creek.  

3.2.3 Case Study Conclusions 

Based on the two regional case studies discussed in Section 3.2.1 and 3.2.2, release limits for boron 
that would be protective of aquatic ecosystems in Eurombah Creek could increase from the current 
limit of 1.0 mg/L to up to 3.0 mg/L. These case studies are a useful reference point for understanding 
boron limits that are protective of aquatic ecosystems in waterways nearby Eurombah Creek, such 
as the Dawson River, and in waters that share similar chemical composition to Eurombah Creek 
baseflow, such as the treated water from the Talinga WTF. Although, these derived HC5 values are 
based on relatively small toxicity datasets, they are a useful starting point for understanding the 
potential toxicity of boron in Eurombah Creek due to these shared characteristics.  

3.3 Summary of Existing Livestock Watering Guidelines 

The recognised guidance for assessment and derivation of stock watering guidelines are the 
Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG FMWQ, 2018) 
and the ANZECC (2000) guidelines. The current trigger value for boron in livestock drinking water is 5 
mg/L. 

The boron limit for stock watering derived for the DRRS of up to 43.5 mg/L was based on site specific 
factors and recent toxicological data within the assessment framework provided by ANZECC (EHS 
Support, 2019). This value was determined to be protective of beef cattle that obtain drinking water 
from the Dawson River. In the Eurombah Creek catchment, downstream from the Spring Gully WTF, 
the only livestock that are known to obtain drinking water from Eurombah Creek are Santa Gertrudis 
cattle raised for beef that graze on the Brigodoon Cattle Company land (Press, 2021). Due to 
similarities between the Dawson River and Eurombah Creek catchments, regional soils, and the 
livestock that obtain drinking water from each waterbody, this boron limit is considered applicable 
at the point of extraction from Eurombah Creek. Whilst the derived boron limit for stock water is 
relevant and applicable to Eurombah Creek, it is significantly higher than the boron limits that are 
protective of other beneficial uses (maintenance of ecosystems and crop irrigation) and therefore 
this environmental value is not considered a limiting criterion. Even without consideration of more 
recent toxicological data and the limited boron content of feed, the ANZECC calculations indicate 
that 10 mg/L is a highly conservative and protective value. A summary of the work completed for the 
DRRS by EHS Support (2019) to derive boron limits that are protective of beef cattle in the Fitzroy 
Basin, updated to reflect site-specific conditions in Eurombah Creek, is provided in Section 3.3.1.  

3.3.1 Derivation of Site-Specific Standards for Boron in Stock Water 

The ANZECC (2000) guidance provides generic guideline values only but provides a discussion of site-
specific factors that can impact stock watering. These include stock type, water ingestion rates, feed, 
and supplements, which all potentially contain constituents of concern. The FMWQ (2018) 
recognises that generic standards are not applicable for many situations stating:  

“default guideline values (DGVs) represent a useful starting point for assessing water 
quality, and are recommended for generic applications in the absence of more relevant 
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guideline values. DGVs may not be representative of your local conditions or situation 
but they can, to some extent, be tailored to make them more relevant to local 
conditions.”  

As noted above, the guidelines have been developed to help managers establish water quality 
objectives that will maintain environmental values, and the DGV can be modified to reflect site-
specific conditions. As the detailed 2018 revision of the guidelines has not been issued for stock 
watering and the DGVs for boron are not changed from those provided in ANZECC (2000), the detail 
on the derivation of guidelines from the former guidelines is discussed below. Values used to 
develop guidelines are provided in Table 3-5. 

Table 3-5  Summary of Calculations Used to Develop ANZECC (2000) Guidelines for Boron in 
Livestock Drinking Water 

Animal Body weight (kg) 
Peak water intake 

(L/day) 
Peak food intake 

(kg/day) 
Calculated value 

(mg/L) 

Cattle 150 85 20 7 

Pigs 110 15 2.9 5.8 

Sheep 100 11.5 2.4 6.2 

Chickens 2.8 0.4 0.15 11.3 

Horses 600 70 20 8.6 

Notes: 
kg = kilogram 
L = litre 
mg = milligram 
Source: ANZECC, 2000. Table 9.3.5 

The ANZECC (2000) stock drinking water guideline values were developed based on literature 
research that leveraged field observations rather than rigorous experimentation. In several cases, it 
was possible to calculate trigger values using data on chronic and toxic effect levels on animals, 
taking into consideration animal weights, percentage intake from water, and safety factors for data 
not specific to the species. As noted above, these are only trigger levels; above these levels, 
investigations and further assessments are recommended. In this context new toxicological data 
along with the models referenced in ANZECC can be used to derive site-specific criteria. 

In addition to epidemiological studies, which determine toxicity, the other key determinant of risk is 
daily intake rates. These rates vary widely among different forms of livestock and are influenced by 
climate and the type of feed consumed. Average and peak water requirements for a range of 
livestock have been provided in Table 9.3.1 of the ANZECC guidelines (2000). Average daily 
consumption ranges from 1.1 to 11.5 L/head for sheep, 22 to 85 L/head for cattle, 11 to 30 L/head 
for pigs, and 18 to 70 L/100 birds for poultry. 

Integral to the assessment is that the values developed by ANZECC (2000) assume consumption of 
100 percent of their drinking water from the water under assessment. This is highly conservative 
based on grazing intensity in the area where livestock may be moved to areas with alternative water 
sources and also the provision of stock water from rainfall induced ponding during the wet season. 
This area is grazed by Santa Gertrudis beef cattle and no dairying activities are conducted in the 
area. 
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Boron is toxic to livestock when found in water in excessive concentrations (USDA, 2011). However, 
the effects of boron toxicity on livestock are not well characterised, even for relatively high 
concentrations. There is no evidence of boron accumulation to any great extent in body tissues, 
although its presence in milk has been reported (DWAF, 1996). 

As defined by ANZECC (2000), the boron trigger value is 5 mg/L with the following note: 

“If the concentration of boron in water exceeds 5 mg/L, the total boron content of the livestock 
diet should be investigated. Higher concentration in water may be tolerated for short periods of 
time.” 

Consistent with ANZECC (2000) guidelines derived for other environmental values, livestock drinking 
water guidelines are trigger values. There should be little risk of adverse effects on animal health 
below the trigger value. Above the trigger value, investigations are recommended (e.g., of other 
factors such as age, condition, other dietary sources) to further evaluate the situation.  

ANZECC (2000) guideline values for various type of livestock range from 5.8 mg/L (pigs) to 11.3 mg/L 
(chickens). The cattle trigger value of 7.0 mg/L is based on lactating dairy cows. These are captured 
within Table 9.3.5 within the ANZECC (2000) guidance, duplicated above as Table 3-5. 

As detailed by ANZECC (2000), using a toxicological approach that leverages Equation 9.53 from the 
guidelines and the peak ingestion rate for lactating dairy cows (85 L/day) the trigger value would be 
7 mg/L. In the case of non-lactating stock (beef or dairy with a water ingestion rate of 60 L), the 
trigger value would be 10 mg/L, as shown in the following formula. 
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However, safe tolerance concentrations of boron have been reported at higher levels. For example, 
concentrations of boron at 150 mg/L in drinking water resulted in a decrease in hay consumption 
and weight loss, and the safe tolerance concentration of boron was estimated to be between 40 and 
150 mg/L (Green and Weeth, 1977).  

In 2003, a committee of the National Research Council (NRC) was convened on minerals and toxic 
substances in diets and water for animals (NRC, 2005). The NRC concluded that cattle consuming 
water containing 150 to 300 mg/L boron exhibited toxicity signs including decreased food 
consumption and weight. Consequently, it is unlikely that boron toxicity under normal 
environmental conditions is a concern for animals (NRC, 2005). 

Further assessment conducted by the Department of Primary Industries in New South Wales (NSW) 
has noted that the hinterland soils, particularly in western NSW, are deficient in boron, and plants 
are also deficient in boron, requiring boron supplements to livestock to support development. The 
genesis of soils within the Dawson River basin and Eurombah Creek are similar to those in western 
NSW. Further investigations completed throughout Queensland for the National Geochemical Survey 
of Australia (NGSA) reported boron detections above reporting limits in only 22 percent (240/1115) 
of soil samples collected, with a mean boron concentration of 1.1 milligrams per kilogram (mg/kg) 
(Caritat and Cooper, 2011). In this context, it is considered reasonable to assume that grasses on the 
plots near Eurombah Creek will be deficient in boron, consistent with the NSW and NGSA studies.  
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Based on a boron content of less than 20 mg/kg (Dear and Weir, 2004) and the calculation provided 
above (20 kg per day feed) the mass intake is only 400 mg/day of a total recommended dosage of 
3,000 mg/day. This equates to approximately 13 percent of the consumption loadings. In this 
context the proportion of boron uptake from drinking water can be increased from 0.2 to 0.87, 
resulting in a revised trigger value of 43.5 mg/L. Without consideration of more recent toxicological 
data and the limited boron content of feed, the current ANZECC (2000) calculations indicate that 10 
mg/L would be a highly conservative and protective interim criterion for beef cattle that obtain 
drinking water from Eurombah Creek, as shown in the calculation above. Despite this, other 
environmental values in Eurombah Creek are more sensitive to boron; therefore, the stock watering 
environmental value is not considered to be a limiting criterion for boron in Eurombah Creek. 

3.4 Summary of Existing Crop Irrigation Water Guidelines 

Boron has been known to be essential for plant growth for 100 years (Warington, 1923), but it can 
also be toxic in excess concentrations. The current ANZECC (2000) irrigation water DGVs for boron, 
as well the values previously derived in the Boron Irrigation Water Guideline Derivation Report (EHS 
Support, 2019) for the Fairview Arcadia Project Area on the Dawson River, are summarised in the 
Sections 3.4.1, 3.4.2, and 3.4.3. Whilst the previously derived boron limits for irrigation water are 
relevant and applicable to Eurombah Creek, water takes for irrigation are only permitted when flow 
in Eurombah Creek exceeds 562 MLD, which will significantly dilute boron concentrations in 
irrigation waters and preclude this environmental value from being a limiting criterion for boron 
releases from the Spring Gully WTF. Other environmental values, such as protection of aquatic 
ecosystems, are also relevant under low flow conditions in Eurombah Creek when significant dilution 
is not anticipated and will therefore require more stringent boron criteria than the crop irrigation 
exposure pathway.  

There is currently one active water license (618897) that permits water takes from Eurombah Creek 
for agricultural irrigation purposes on Lot 7 on plan AB145, approximately 67 km downstream from 
the release structure at Spring Gully (Figure 2; Queensland, 2018). This water licence permits 
extraction of 118 MLD from Eurombah Creek, with a nominal entitlement of 2,350 ML. Condition B.4 
of this water licence indicates that water takes are only permitted when the flow in Eurombah Creek 
exceeds 562 MLD (Queensland, 2018). Assessment of the typical cropping activities on this land 
indicates that a pivot irrigation system is currently utilised to grow corn for cattle feed as part of the 
Brigodoon Cattle Company operations. Corn, wheat, and oats are the only known crops that are 
grown with irrigation water sourced from Eurombah Creek.  Whilst current irrigation activities are 
limited to these three crops, a variety of agricultural crops have been considered here to protect 
future changes to the existing water licence or changes to agricultural operations.  

3.4.1 Default Boron Guideline Values for Crop Irrigation 

ANZECC (2000) provides two irrigation water DGVs for boron: a long-term trigger value (LTV) and 
short-term trigger value (STV). The LTV is defined as the maximum concentration of a constituent in 
the irrigation water that can be tolerated assuming 100 years of irrigation, and the STV is the 
maximum concentration that can be tolerated for a shorter period of time (usually 20 years). For 
most irrigation criteria, the STV and LTV are related based on a cumulative contaminant loading limit 
(CCL) value. In ANZECC (2000), no CCL exists for boron. 

The boron STVs found in Table 9.2.18 of the ANZECC (2000) guidelines presents six levels of crop 
tolerance to irrigation water by common agricultural plant types. Specific plant tolerances to boron 
used in Table 9.2.18 were characterised by Maas (1984) and largely sourced by Eaton (1944) – a 
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fairly comprehensive evaluation of crop boron toxicity using sand culture experiments. This 
information was summarised by Ayers and Westcot (1985). Ayers and Westcot (1985) noted that the 
trigger values for boron represent the,  

“maximum concentrations tolerated in soil-water or saturation extract without yield or 
vegetative growth reductions. Boron tolerances vary depending upon climate, soil conditions 
and crop varieties. Maximum concentrations in the irrigation water are approximately equal 
to these values or slightly less.”  

The LTV was selected as the minimum of the STVs, which, according to ANZECC (2000), was to 
“protect the most sensitive species.” Like many aquatic receptors, crops require boron to grow; 
therefore, there is a range of optimal concentrations in soil, above and below which deleterious 
effects owing to toxicity and deficiency would be expected. Recent studies have demonstrated that 
corn production increased at an application rate of 5 kg per hectare (kg/ha) boron, whilst yields 
decreased at an application rate of 12 kg/ha boron (Gotz et al., 2021).  

Relative crop tolerances for boron from Ayers and Westcot (1985) are summarised in Table 3-6. 
Table 3-6 is very similar to Table 9.2.18 of the ANZECC (2000) guidelines; however, it includes a 
greater number of total crops and sub-divides the “sensitive” crop species based on two 
concentration ranges. Corn and oats are each considered “moderately tolerant” with a tolerance 
range of 2 to 4 mg/L boron for irrigation water. Wheat is considered “sensitive” with a tolerance 
range of 0.75 to 1 mg/L boron for irrigation water. To err on the side of conservatism, the lower end 
of each of these ranges were considered to be protective for the purposes of this review. 

Table 3-6 Relative Tolerance of Agricultural Crops at Different Soil Water Boron 
Concentrations  

Tolerance 
B Conc. 
(mg/L) 

Crop 

Very Sensitive <0.5 Lemon (Citrus limon), Blackberry (Rubus spp.) 

Sensitive 

0.5 – 0.75 

Avocado (Persea americana), Grapefruit (Citrus X paradisi), Orange (Citrus sinensis), 
Apricot (Prunus armeniaca), Peach (Prunus persica), Cherry (Prunus avium), Plum 
(Prunus domestica), Persimmon (Diospyros kaki), Fig, kadota (Ficus carica), Grape 
(Vitis vinifera), Walnut (Juglans regia), Pecan (Carya illinoiensis), Cowpea (Vigna 
unguiculate), Onion (Allium cepa) 

0.75 – 1.0 

Garlic (Allium sativum), Sweet potato (Ipomoea batatas), Wheat (Triticum 
eastivum), Barley (Hordeum vulgare), Sunflower (Helianthus annuus), Bean, mung 
(Vigna radiata), Sesame (Sesamum indicum), Lupine (Lupinus hartwegii), 
Strawberry (Fragaria spp.), Artichoke, Jerusalem (Helianthus tuberosus), Bean, 
kidney (Phaseolus vulgaris), Bean, lima (Phaseolus lunatus), Groundnut/Peanut 
(Arachis hypogaea) 

Moderately 
Sensitive 

1.0 – 2.0 
Pepper, red (Capsicum annuum), Pea (Pisum sativa), Carrot (Daucus carota), Radish 
(Raphanus sativus), Potato (Solanum tuberosum), Cucumber (Cucumis sativus) 

Moderately 
Tolerant 

2.0 – 4.0 

Lettuce (Lactuca sativa), Cabbage (Brassica oleracea capitate), Celery (Apium 
graveolens), Turnip (Brassica rapa), Bluegrass, Kentucky (Poa pratensis), Oats 
(Avena sativa), Maize (Zea mays), Artichoke (Cynara scolymus), Tobacco 
(Nicotiana tabacum), Mustard (Brassica juncea), Clover, sweet (Melilotus indica), 
Squash (Cucurbita pepo), Muskmelon (Cucumis melo) 

Tolerant 4.0 – 6.0 
Sorghum (Sorghum bicolor), Tomato (Lycopersicon lycopersicum), Alfalfa (Medicago 
sativa), Vetch, purple (Vicia benghalensis), Parsley (Petroselinum crispum), Beet, 
red (Beta vulgaris), Sugar beet (Beta vulgaris) 
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Tolerance 
B Conc. 
(mg/L) 

Crop 

Very Tolerant 6.0 – 15.0 Cotton (Gossypium hirsutum), Asparagus (Asparagus officinalis) 

Notes: 
Bolded species are those known to be grown on Lot 7 on Plan AB145, the only plot with an active water licence to take water 
from Eurombah Creek for crop irrigation purposes. 
Source: Ayers and Wescott, 1985 

Limitations of these DGVs are discussed in detail in the Boron Irrigation Water Guideline Derivation 
Report (EHS Support, 2019). A summary of the imitations identified based on the review of the 
ANZECC (2000) boron irrigation criteria include: 

 Lack of experimental conditions that would enable understanding of boron toxicity in 
naturally buffered silty-loam soils typical of the region. Experiments informing boron 
tolerance thresholds were based on sand cultures and not natural soil types that exhibit 
similar physical and chemical characteristics to the soils within the greater Dawson River 
Valley region. 

 Reliance on threshold chronic effect concentration rather than preferred no effect 
concentrations (NEC) or percent effect/inhibition concentrations. The existing STVs and LTVs 
utilise threshold responses, which are the concentrations at which any reduction in growth 
endpoints were observed. Threshold approaches are sensitive to outliers and effects-based 
(ECX) or inhibitory-based concentrations (ICX) are preferred metrics for evaluating risk to 
organisms under the most recent testing and assessment methodologies (e.g., Warne et al., 
2018). 

 Crop-specific tolerance levels rather than statistically derived SSDs. Use of crop-specific 
thresholds may be useful for protecting known crops within the Eurombah Creek region, but 
they do not consider protection levels for multiple crop species if agricultural practices in the 
valley change over time. Adopting more statistically robust methods, such as SSDs or crop 
sensitivity distributions (CSDs), will provide a more detailed understanding as to the 
percentage of crops protection at given irrigation threshold. 

Under the updated ANZECC framework, existing boron irrigation values are considered DGVs. DGVs 
can be updated based on site-specific conditions. Therefore, derivation approaches adopted by 
other, more recent international guidance documents that consider natural soils would be more 
applicable. To protect crops currently grown with irrigation water from Eurombah Creek as well as 
any crops that could be irrigated in the future, a limit of 1.4 mg/L (EHS Support, 2019) is proposed. In 
accordance with the third limitation described above and, in an effort to thoroughly review existing 
relevant boron guidelines for crop irrigation, the values derived in the Boron Irrigation Water 
Guideline Derivation Report (EHS Support, 2019), were reviewed, and are summarised in Section 
3.4.2.  

3.4.2 Previously Derived Boron Guideline Values for Crop Irrigation 

Boron irrigation guideline values that are protective of crops at the point of water take within the 
Dawson River were previously derived in the Boron Irrigation Water Guideline Derivation Report 
(EHS Support, 2019). These guideline values are generally applicable to crop irrigation performed 
using water takes from Eurombah Creek due to the similarity between soils present in the Dawson 
River Valley and the nearby Eurombah Creek catchment. Although corn, wheat, and oats are 
currently the only crops irrigated with water drawn from Eurombah Creek, these guideline values 
are intended to protect 95 percent of crops and therefore should be protective of any additional 
crops that may be grown using Eurombah Creek as a source for irrigation water in the future.  
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Based on an SSD approach that considered 40 different species across three different soil types, the 
recommended guideline value for boron in irrigation water was 1.4 mg/L (EHS Support, 2019). This 
value is considered protective of 95 percent of agricultural species, including corn, which has an 
estimated IC10 of 2.62 mg/L and an estimated IC25 of 4.25 mg/L, oats, which have an estimated IC10 
of 4.81 mg/L and estimated IC25 of 7.79 mg/L, and wheat, with estimated IC10 values ranging from 
7.15 to 24.34 mg/L and estimated IC25 values ranging from 14.42 to 39.06 mg/L. These effects 
concentrations were estimated based on the data obtained by Eaton (1944) and Exova (2011-2014), 
which measured boron effects on corn in a sand culture experiment (EHS Support, 2019). The 
derived guideline value of 1.4 mg/L is considered more robust than the ANZECC DGVs due to the 
consideration of more recent scientific literature including the Tier 1 remediation guidelines 
published by the Canadian Province of Alberta (Alberta Environment and Parks [AEP], 2019), and the 
statistical rigor of the approach employed to generate the SSD, consistent with the methods 
recommended by Warne et al. (2018).  

Whilst the DGVs may suffice for quickly determining which crops are suitable for irrigation, they do 
not provide a statistically defensible framework in which to make risk-based decisions. The derived 
guideline value of 1.4 mg/L is a conservative value for the protection of crops in natural soils and 
provides more certainty as to the range of crops that would be considered protected under future 
scenarios where agricultural practices near Eurombah Creek could change.  

3.4.3 Eurombah Creek Crop Irrigation Summary 

Based on the information summarised above, boron concentrations of 1.4 mg/L at the point of 
water take in Eurombah Creek would be protective of crops currently grown on the licenced parcels 
downstream of the Spring Gully WTF and would be protective of 95 percent of agricultural species 
that could be grown on these lands in the future if irrigation water use were to change.  

A critical component of this assessment was to understand the likelihood that these protective 
values would be exceeded under various flow regimes and boron release scenarios. Importantly, as 
described in Schedule B.4 of the water licence for Lot 7 on Plan AB145 (618897), “The taking of 
water is only authorised when the flow of water in Eurombah Creek immediately downstream of the 
point of take for this water licence exceeds 562 megalitres per day.” This condition has important 
implications for the anticipated dilution of treated water released to Eurombah Creek and the boron 
concentrations that would prevail at the point of water take.  

Due to the ephemeral nature of Eurombah Creek, flows exceeding the water take threshold of 562 
MLD are infrequent and occur 12 days per year on average (Figure 3-4) The current EA for Spring 
Gully (EPPG00885313) authorises the release of 10.2 MLD of treated produced water to Eurombah 
Creek. At the threshold discharge rate of 562 MLD when water takes are permitted, this represents a 
dilution factor of approximately 55 times. A concentration greater than 77 mg/L would be required 
in released water to exceed the derived 95 percent protection level of 1.4 mg/L at the point of take. 
Conversely, if released water from Spring Gully WTF had a boron concentration of 2 mg/L, the 
concentration at the point of water take would be approximately 0.036 mg/L. In order to exceed the 
1.4 mg/L boron threshold at the point of water take whilst releasing 2.0 mg/L water from the Spring 
Gully WTF, releases would have to exceed 393 MLD – approximately 38 times the current daily 
release limit. This dilution factor would be even greater at flows greater than 562 MLD.  
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Figure 3-4 Eurombah Creek Discharge 2011-2022. Top Panel: Daily Mean Discharge. Lower 
Panel: Number of Days per Year with Flow Greater than 562 MLD. 

Recent work has demonstrated that corn yields begin to decrease at boron application rates of 12 
kg/h (Gotz et al., 2021). The two pivot irrigation plots on Lot 7 on Plan AB145 cover approximately 
169 ha (Figure 2). Under the most conservative scenario, where the maximum licenced water 
volume was extracted each year (2,350 ML) containing a boron concentration of 0.036 mg/L, and 
applied to the 169-ha irrigation plot, the annual boron application rate would be 0.5 kg/ha-- well 
below the 12 kg/ha threshold. Even under the unlikely scenario that released water contained boron 
concentrations of 10 mg/L and the concentration at the point of take was 0.182 mg/L, the 
application rate would be 2.5 kg/ha.  

Due to the water licence condition for licence 618897 that requires 562 MLD flow in Eurombah 
Creek for irrigation water takes, it is highly improbable that boron concentrations in Eurombah Creek 
will exceed levels that are harmful to agricultural crops. The crop irrigation environmental value is 
therefore not considered to be a limiting criterion for boron releases from the Spring Gully WTF.  
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3.5 Existing Surface Water Boron Aquatic Life Criteria 

Surface water aquatic life criteria provide specific concentration thresholds (or range of thresholds) 
in which an exceedance may indicate some level of unacceptable risk to aquatic ecosystems. The 
specific approach taken to derive guidelines varies by governing body. Because many factors can 
contribute to the guideline derivation process and those factors vary by governing body, it is 
important to understand the assumptions, methodologies, and the toxicity data that inform any 
derived guideline values. The discussion herein provides a critical review of the existing aquatic life 
criteria for boron and which factors contributed to their derivation. Table 3-7 summarises the 
available freshwater aquatic life criteria for boron, by region.  

Table 3-7 Boron Aquatic Life Criteria Summary by Region, Country, State/Province 

Region Country 
State/ 

Province 

Acute 
Guideline 

Value (mg/L) 

Chronic 
Guideline 

Value (mg/L) 
Source Notes 

OCA 
Australia and 
New Zealand 

All states -- 0.94 
ANZG. (2021). Toxicant default guideline 
values for aquatic ecosystem protection 
Boron in freshwater. (September).  

EUR All countries All states -- 2.9 
ECHA. (2013). Boron Ecotoxicological 
Summary. 

NAM 

United States 

Indiana 41 7.7 

Indiana Department of Environmental 
Management. (2013). Water Quality 
Criteria Calculated Using the 
Methodologies at 327 IAC 2-1-8.2 and 8.3. 

Illinois 40.1 7.6 
Illinois EPA. (2012). Triennial Review of 
Water Quality Standards for Boron, 
Fluoride and Manganese (Vol. 18). 

Michigan 34 7.2 
Michigan Department of Environment 
Great Lakes and Energy. (2015). Rule 57 
Water Quality Values. 

New York -- 10 
NYSDEC. (1993). Ambient Water Quality 
Standards and Guidance Values and 
Groundwater Effluent Limitations. 

Ohio 8.5 0.95 
Ohio EPA (2006). Ohio EPA Surface Water 
Quality Criterion Fact Sheet: Boron. 

Pennsylvania 8.1 1.6 
PADEP. (2021). Pennsylvania Code, 
Chapter 93 Water Quality Standards. 

Canada 

British 
Columbia 

-- 1.2 
British Columbia Ministry of Environment. 
(2003). Ambient Water Quality Guidelines 
for Boron (Vol. 2). 

All states 29 1.5 

CCME. (2009). Canadian Water Quality 
Guidelines for the Protection of Aquatic 
Life: Boron. Canadian Environmental 
Quality Guidelines. 

Notes: 
ANZG = Australia and New Zealand Guidelines 
CCME = Canadian Council of Ministers of the Environment 
ECHA = European Chemicals Agency 
EUR = Europe 
Illinois EPA = Illinois Environmental Protection Agency 
mg/L = milligrams per litre 
NAM = North America 
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NYSDEC = New York State Department of Environmental Conservation 
OCA = Oceania 
Ohio EPA = Ohio Environmental Protection Agency 
PADEP = Pennsylvania Department of Environmental Protection 
“--” = Guideline value does not exist 

The aquatic life criteria published for boron vary widely for both acute and chronic exposure 
durations across regulatory regions. This is due to a combination of factors including the inherent 
difficulty in deriving water quality guidelines for essential elements and the poor-quality toxicity 
studies that have been relied upon heavily for criteria derivation by some regulatory agencies. Acute 
guideline values range from 8.1 mg/L to 41 mg/L whilst chronic guideline values range from 0.94 
mg/L to 10 mg/L (Table 3-7). There are no obvious trends in boron criteria that are protective of 
aquatic life either, with the two most recently promulgated guideline values varying by an order of 
magnitude (0.94 mg/L, ANZG; 7.2 mg/L, Michigan Department of Environment Great Lakes and 
Energy [EGLE]; Table 3-7). The lack of consensus in ecologically protective boron guideline values 
across regulatory regions highlights the scientific uncertainty surrounding aquatic boron toxicity. The 
primary source of the uncertainty that underpins the lack of consensus in boron aquatic life criteria 
is the toxicity studies that provide the data used by regulatory agencies to derive protective criteria. 
These studies generally fall into one or both of the following categories:  

1. Studies that treat boron as a “typical toxicant” without properly accounting for the potential 
for deleterious effects owing to deficiency at low concentrations nor establishing a control 
concentration that is within the optimal range for the test species. 

2. Studies that are of general low quality for various reasons, including reliance on nominal 
boron concentrations, inappropriately spaced test concentrations, or the use of borosilicate 
glassware in test containers. 

Some leniencies must be applied to studies that fall into the first category, as numerous studies 
published on the aquatic toxicity of boron were based on toxicity testing performed prior to the 
growing body of scientific literature that suggests that boron is required for normal physiological 
function by numerous aquatic organisms. Although boron essentiality has been recognised for 
various phytoplankton species for over 50 years (Lewin, 1966a; 1966b; 1976; McIlrath & Skok, 1958; 
Smyth and Dugger, 1981; Zhang et al., 2021) boron requirements for fish (Eckhert, 1998; Rowe, 
1998; Rowe & Eckhert, 1999; Loewengart, 2001), amphibians (Fort, 1999), and chemical signalling in 
bacteria (Chen et al., 2002; Coulthurst et al., 2002) have only been demonstrated within the last 20+ 
years. Although arguments could be made for excluding all boron toxicity studies published prior to 
1998 from the guideline derivation process, a more practical approach would be to scrutinise older 
studies more heavily before using data from them to derive new guideline values. It is also important 
to note that this data quality issue is not restricted to older studies. Studies on aquatic boron toxicity 
continue to be published that fail to properly account for the potential confounding variable of 
boron deficiency.  

Less leniency should be granted to studies that fall into the second category, as these studies are 
more likely to contain methodologies that are fundamentally flawed and more likely to produce 
unreliable toxicity data. The use of borosilicate glassware in boron toxicity studies should 
automatically disqualify data from inclusion in guideline derivation, as McIlrath and Skok (1958) 
demonstrated that enough boron leaches out of borosilicate glassware to significantly increase the 
growth rate of Chlorella vulgaris cultured in Pyrex vessels with no boron added versus cells cultured 
in boron-free glassware with no boron added. Since these known challenges exist for quantifying 
boron toxicity, it is crucial that all boron toxicity data be reviewed critically before deeming it 
acceptable for inclusion in the guideline derivation process.  
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3.5.1 Critical Review of ANZG 2021 Aquatic Life Criteria 

In July 2021, ANZG published revised guidance on boron toxicity to freshwater organisms (ANZG, 
2021). The updated DGVs are provided in Table 3-8. The 95 percent species protection DGV of 940 
micrograms per litre (µg/L) represents a revision to the previous DGV of 370 µg/L.  

Table 3-8 ANZG (2021) Revised Default Guideline Values for Boron in Freshwater 

Level of Species Protection (%) DGV for Boron in Freshwater (µg/L) 

99 340 

95 940 

90 1,500 

80 2,500 

Notes: 
DGV = default guideline value 
µg/L = micrograms per litre 

These updated DGVs for dissolved boron in freshwater were generally derived in accordance with 
the approach described by Warne et al., (2018) and are intended to be protective of aquatic 
receptors in Australia and New Zealand. They represent a marked improvement over the previous 
DGVs (ANZECC, 2000) by correcting errors identified in the original guidance, incorporating toxicity 
data from additional and more recent studies than those considered in the original guidance, and 
leveraging improvements in the statistical software Burrlioz, which debuted in 2000 when the 
original guidance was published (Campbell et al., 2000). Despite these developments, room for 
further improvement still exists. Numerous deficiencies persist in the revised guidance that 
contribute to the overall uncertainty of the DGVs for boron in freshwater. These uncertainties are 
concisely summarised in Section 3.5.1.1.  

3.5.1.1 Uncertainties in ANZG Guideline Derivation 

Uncertainty in the revised freshwater boron DGVs arises primarily from:  

1. Reliance on toxicity data generated by Birge and Black (1977, 1993);  
2. Use of nominal toxicity data for sensitive species; and  
3. Lack of consideration towards the essentiality of boron.  

A description of how each of these sources of uncertainty manifests in the revised boron guideline 
derivation is provided below. The SSD generated by ANZG is reproduced here with annotations, for 
reference (Figure 3-5). All boron toxicity data that was incorporated into the ANZG guideline value 
derivation is provided in Appendix B. The impacts on derived guideline values from removing these 
various sources of uncertainty are discussed in Section 3.5.1.2. Protective values derived under this 
evaluation are considered ‘site-adapted’ guideline values, as defined by van Dam et al. (2019) as 
“generic benchmark[s] that ha[ve] been adapted, based on existing knowledge, to make [them] 
more relevant to a site of interest.”  
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Figure 3-5 Boron Freshwater SSD Originally Generated for the Updated ANZG (2021) Default 
Guideline Value Derivation with Individual Points Coloured According to Data Quality 

Observations 

Reliance on toxicity data generated by Birge and Black 

The revised ANZG freshwater DGVs for boron relied on 62 individual freshwater chronic effects 
concentrations, representing toxicity test endpoints for 22 species (Appendix B). Whilst these values 
were sourced from a variety of studies, it was noted that a disproportionate number of data points 
(18 of 62) came from studies originally performed by Birge and Black (1977; 1993). The specific 
effects concentrations used in the ANZG guideline derivation included 17 datapoints from Birge and 
Black (1977) and one datapoint from Black et al., (1993) that were reanalysed by Dyer (2001) to 
address shortcomings in Birge and Black’s original analyses. Whilst the reanalysis performed by Dyer 
(2001) improved the interpretation of these data, the original studies contained numerous 
methodological flaws that resulted in the generation of questionable and poor-quality data, 
particularly for rainbow trout (O. mykiss), which should preclude the use of these data in guideline 
derivation. Warne et al. (2018) recommends excluding toxicity data generated prior to 1980 as a 
general rule, as these data are considered more likely to be unreliable due to advances in 
experimental and analytical capabilities since that time. There is precedent for excluding these data 
from the freshwater boron guideline derivation process, which the Illinois Environmental Protection 
Agency (EPA, 2012), Canadian Council of Ministers of the Environment (CCME, 2009), and British 
Columbia Ministry of Environment (BCMOE, 2003) have all previously done. Each regulatory agency 
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provided rationale for the exclusion of these data from consideration for one or more of the 
following reasons:  

1. Low test concentrations resulting in boron deficiency. 
2. Flat dose-response curves for concentrations spanning multiple orders of magnitude leading 

to perceived significant differences at very low test responses. 
3. Dead trout embryos were not removed during chronic tests for up to 15 days. 
4. Different trout strains, test durations, and dilution waters from Black et al. (1993) resulting 

in highly variable results. 
5. Other studies (Rowe et al., 1998; Loewengart, 2001; Eckhert, 1998) demonstrating U-shaped 

response curve for trout with greatest growth at 10.1 mg/L boron. 
6. Other researchers being unable to reproduce these results. 

These criticisms were specifically directed at toxicity data generated by Birge and Black for O. mykiss. 
Toxicity data generated by Birge and Black for other aquatic species has not received the same level 
of scrutiny by regulatory agencies. However, because these data came from the same lab, scenarios 
were tested with each of the five species from Birge and Black studies removed from the SSD that 
was generated and with only the O. mykiss data point removed (Figure 3-5). Removing each of the 5 
Birge and Black species leaves 17 species with effects concentration data to generate a site-adapted 
SSD: - more than the 8 that are typically required and still more than the 15 species threshold that is 
considered ‘optimal’ (Warne et al., 2018). These O. mykiss data represent a significant uncertainty in 
the revised DGVs and should be removed from consideration to improve the overall quality of the 
toxicity dataset. Site-adapted SSDs with this point removed and with each of the five species 
removed are provided in Appendix C.  

Use of nominal toxicity data for sensitive species 

A total of 9 of the 62 chronic effects concentrations used to derive the revised boron DGVs were 
nominal (i.e., estimated; not measured) boron concentrations. A total of 6 of the final 22 toxicity 
values used to generate the SSD were nominal values (Figure 3-5). Whilst it is recognised that 
nominal toxicity values can be useful for bolstering a dataset that would otherwise fail to meet 
minimum data requirements for guideline derivation, sufficient data of acceptable quality with 
measured effects concentrations were available, so it is unclear why these data points were 
included. In the Revised Method for Deriving Australian and New Zealand Water Quality Guideline 
Values for Toxicants (Warne et al., 2018), it is stated, “Normally, toxicity data calculated using 
nominal concentration data would not be used to derive GVs; however, professional judgement can 
be used to include such data provided a justification for their use is provided”. ANZG (2021) 
acknowledges that sufficient chronic toxicity data were available with measured concentrations of 
boron (16 species from 7 taxonomic groups), but states that 6 species with nominal toxicity values 
would be included as well, without providing rationale for their inclusion.  

The majority of the nominal data that were included in the guideline derivation came from Wilkinson 
(1985), including the two most sensitive species on the SSD (Navicula sp. 1 and Navicula sp. 2; Figure 
3-5). This study received a quality score of 57.7% by ANZG’s review, and 21 of the 29 data points 
from this study that were considered were rejected for being unacceptable quality (ANZG, 2021). No 
acceptability criteria were stated for the tests performed in this study and, according to ANZG 
(2021), “Exposure period is not possible to define for any toxicity value in this dataset”. In Table 2 of 
Warne et al. (2018), it is stated that toxicity data should be excluded from the guideline derivation 
process if duration of exposure is not stated.  
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There is additional uncertainty around the lowest toxicity value used in the SSD (0.6 mg/L IC10 for 
Navicula sp. 1), which was estimated using the reported nominal concentrations because the NOEC 
at the lowest tested concentration of 1 mg/L was determined by ANZG to be low reliability. 
Furthermore, these tests were conducted using borosilicate glassware, which is known to leach 
boron (McIlrath and Skok, 1958). Wilkinson (1985) states that 0.1 to 1.0 mg/L boron leaches from 
the glassware during autoclaving. In the study, 1-L Erlenmeyer flasks were autoclaved for 15 minutes 
following the addition of 500 mL of growth medium. This suggests that each nominal test 
concentration reported by Wilkinson (1985) is likely an underestimation of the true boron 
concentration by 0.1 to 1 mg/L. For the estimated IC10 of 0.6 mg/L for Navicula sp. 1, the most 
sensitive endpoint used in the ANZG SSD, this uncertainty in nominal boron concentration 
represents a potential relative error of 17 to 167 percent.  

Lastly, Lewin (1966) demonstrated a boron requirement for 24 diatom species including 8 species of 
freshwater diatoms and 3 different Navicula species. The experiments conducted by Lewin (1966) 
used 0.5 mg/L boron as the test concentration to compare growth of these diatom species to a 
boron-free culture. Although boron is known to have a narrow window of optimality between 
deficiency and toxicity for many species, it is unlikely that a species would require 0.5 mg/L of boron 
for normal growth and exhibit adverse effects at 0.6 mg/L boron. This casts further doubt on the 
toxicity values from Wilkinson (1985) used in the ANZG SSD.  

Due the numerous potential sources of compounding error present in the chronic effects data from 
Wilkinson (1985), it is recommended that these data be removed from consideration for the 
derivation of freshwater boron guideline values. These data introduce unnecessary uncertainty into 
the SSD fit, particularly the two toxicity values for Navicula, which are the two most sensitive 
endpoints in the assessment. Uncertainty surrounding the most sensitive species in an SSD is 
particularly concerning, as guideline values are calculated from this portion of the SSD. Site-adapted 
SSDs with each Navicula species removed and with each of the four species from Wilkinson (1985) 
removed are provided in Appendix C. Additionally, an SSD with all six nominal toxicity values 
removed, including the four from Wilkinson and two others from Hickey (1989) and Hickey and 
Macaskill (1988) is provided in Appendix C.  

Lack of consideration towards boron essentiality  

Section 2.2 of the ANZG Technical Brief on the revised boron DGVs (2021) provides some discussion 
on the essentiality of boron. Whilst no strong positions are made, the general conclusion is that 
boron requirements are species-specific. No further consideration towards boron essentiality or 
deficiency is provided later in the Technical Brief or elsewhere in the guideline derivation process. 
Just as boron toxicity is species-specific, and requirements for other nutrients and essential elements 
are species-specific, it stands to reason that boron requirements would also be species-specific. As 
discussed in Section 2.2.3, the ideal approach to account for toxicity and deficiency simultaneously 
would be to generate dual SSDs and identify the point of intersection, where the proportion of 
adversely affected species would be minimised. Whilst it is recognised that the data available in the 
scientific literature does not yet currently support this type of assessment, it is still possible to 
‘ground-truth’ some of the toxicity values used by ANZG (2021) for species where boron 
requirements or growth stimulation have been documented. Some examples, broken out by species, 
are provided below. 

Oncorhynchus mykiss: The toxicity value used for rainbow trout (O. mykiss) in the ANZG guideline 
derivation was 6.2 mg/L. This value represents the geometric mean of three 10 percent lethal 
concentration (LC10) values from Dyer (2001), who reanalysed toxicity data generated by Birge and 



DRAFT Eurombah Creek Boron Guideline Development 
October 2022 
Boron Protective Values 
 

 
EHS Support LLC  36 

Black (1977). These data are of questionable quality for various reasons described above, and 
importantly, do not consider the possibility of boron essentially, which has been demonstrated for 
rainbow trout (Eckhert, 1998; Loewengart, 2001; Rowe et al., 1998). Rowe et al. (1998) found that 
embryo-larval stage rainbow trout growth was stimulated at low concentrations of boron and no 
adverse effects were observed up to 86.5 mg/L, with the onset of effects at 108.1 mg/L. The 86.5 
mg/L NOEC value was included in the ANZG data review, however the geometric mean of 6.2 mg/L, 
derived from data originally generated by Birge and Black (1977) was used in the SSD as it was the 
more conservative available value. As recommended above, the Birge and Black data points for O. 
mykiss are of questionable quality and should be substituted with the NOEC value from Rowe et al. 
(1998) for use in the SSD.  

Danio rerio: The toxicity value used for zebrafish (D. rerio) in the ANZG guideline derivation was 1.8 
mg/L. This value represents the minimum of three NOEC values generated by Hooftman (2000). 
Although the original study was not available for review, the NOEC value of 1.8 mg/L is very low 
compared to other published toxicity values for D. rerio embryos which include a NOEC of 13 mg/L 
and a LOEC of 99.5 mg/L (Rowe et al., 1998). It has previously been demonstrated that boron is 
required for zebrafish embryogenesis and survival (Loewengart, 2001; Rowe and Eckhert, 1999) and 
that adverse effects occur at low boron concentrations (Rowe et al., 1998). Due to the large 
discrepancy between toxicity values from Hooftman (2000) and Rowe et al. (1998), there is in 
considerable uncertainty with respect to the 1.8 mg/L value used to represent D. rerio in the SSD. As 
with the Birge and Black studies, it is possible that low test concentrations were driving symptoms of 
deficiency in toxicity testing which may have led to erroneously low perceived NOEC values. Further 
testing of this species is recommended to minimise this uncertainty. Various scenarios with this data 
point replaced with the NOEC from the publicly available study, Rowe et al. (1998) are provided in 
Appendix C.  

3.5.1.2 SSD Sensitivity Analysis 

Following the recommendations provided in Section 3.5.1.1 on toxicity data selection and inclusion, 
a sensitivity analysis was performed to evaluate the impacts of these changes on derived boron 
guideline values. The recommended modifications to the input toxicity dataset were implemented 
one at a time and in combination with one another to understand how the DGVs would vary 
following incremental improvements to the input dataset. This process was conducted in accordance 
with Warne et al. (2018), which states that DGVs should be considered a generic starting point for 
assessing water quality to protect aquatic ecosystems for a range of water types and that site-
specific guideline values for physico-chemical stressors should be derived and used in preference to 
DGVs (van Dam et al., 2019). The guideline values derived in this assessment are considered ‘site-
adapted benchmarks’ based on the definitions provided in van Dam et al. (2019), as they modify a 
generic benchmark, based on existing knowledge, to make it more relevant to the site of interest. A 
summary of the toxicity dataset modifications evaluated and the corresponding HC5 values under 
each scenario is provided in Appendix C. All associated SSDs and Burrlioz outputs are provided in 
Appendix C  

Across the scenarios tested, derived HC5 values ranged from 0.84 to 2.1 mg/L. Each of these derived 
HC5 values received a classification of ‘Moderate’ or ‘Very High’ based on the criteria described in 
Table 7 of the Warne et al. (2018) study. Considering only scenarios that received a ‘Very High’ 
reliability rating, HC5 values ranged from 1.0 to 2.1 mg/L. Each scenario represents one or more 
distinct improvements in data quality that ultimately leads to more reliable ecological guideline 
values for boron in freshwater.  
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Of the scenarios assessed, Scenario 12 resulted in the most reliable site-adapted guideline value for 
boron, from both statistical and practical standpoints. The derived HC5 value associated with 
Scenario 12 was 2.0 mg/L (Appendix C). Scenario 12 included the removal of all nominal toxicity 
data, removal of the problematic Birge and Black data point for O. mykiss, and the substitution of 
the data point for D. rerio with a more reliable estimate generated by Rowe et al. (1998). Following 
these modifications, this dataset contained 17 species across 5 taxa, which is considered the 
‘Preferred’ sample size (Warne et al., 2018). Of all scenarios tested, the Scenario 12 SSD was 
considered to have the best visual fit to the data (Appendix C). The goodness of fit was confirmed 
using the software SSD Toolbox (USEPA 2020), which resulted in the largest p-value for lack of fit out 
of all scenarios tested (Appendix C). This large p-value indicates that the data fit the Burr Type III 
distribution well and confirms the visual evaluation of the fitted SSD. The good quality SSD fit, and 
the ‘Preferred’ sample size indicate that this SSD and associated HC5 value should be considered 
‘Very High’ reliability (Warne et al., 2018). The derived guideline value of 2.0 mg/L is therefore 
considered the most reliable site-adapted value for the protection of aquatic ecosystems and is 
recommended for use as an interim guideline value for boron in treated water released from Spring 
Gully. This guideline value is more reliable than the DGV as uncertainty in the input dataset has been 
significantly reduced, whilst maintaining the ‘Very High’ reliability rating and meeting all minimum 
data requirements.  

Although the derived guideline value of 2.0 mg/L boron is intended to protect 95 percent of aquatic 
species, Warne et al. (2018) recommends “reality checking the guideline values” to ensure that 
important species, determined on the basis of commerce, rarity, or ecological significance, are 
protected. The Fitzroy River turtle is known to inhabit waters within the Fitzroy River Basin and is 
considered a vulnerable species. As there are no boron DTA data available for reptilian receptors, 
other factors, such as protection of prey species and habitat, must instead be considered to ensure 
that this species is protected. The Fitzroy River turtle diet is largely comprised of macroinvertebrates 
(Legler, 1980), which should be protected at boron concentrations below 2.0 mg/L as the toxicity 
values for the macroinvertebrates included in the ANZG (2021) guideline derivation range from 2.4 
to 10.0 mg/L. The low potential for boron bioaccumulation and biomagnification in aquatic receptors 
further suggests that the derived guideline value will be protective of the Fitzroy River turtle and 
other reptilian receptors.  

Fitzroy River turtles tend to reside in fluvial environments over lacustrine environments due to their 
dissolved oxygen-rich nature (Tucker, 2001). Direct releases of treated water from the Spring Gully 
WTF would likely provide more consistent suitable habitat throughout the year by increasing the 
flow and discharge in Eurombah Creek. Additionally, changes to the release scheme at Eurombah 
Creek would be anticipated to have a negligible impact on flows in the Dawson River, where Fitzroy 
River turtles have more frequently been observed, as the annual flow through the Spring Gully - 
Eurombah Creek system contributes approximately 0.1 percent to the average annual flow of the 
Dawson River (Joo et al., 2005). It is therefore unlikely that increased discharge in Eurombah Creek 
containing boron concentrations less than 2.0 mg/L would have any adverse impact on the Fitzroy 
River turtle.  

3.6 Summary of Regulatory Guideline Review 

In summary, boron limits were reviewed for the protection of aquatic ecosystems in the Dawson and 
Condamine rivers, and for the protection of livestock watering, crop irrigation, and aquatic 
ecosystems in Eurombah Creek. In the Dawson and Condamine rivers, ecologically protective boron 
concentrations ranged from 1.4 to 3.0 mg/L. The SSD that was generated using toxicity data from a 
study performed with treated water from the Talinga WTF is a particularly relevant line of evidence 
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for Eurombah Creek, as treated water from the Spring Gully WTF would comprise the majority of 
discharge in Eurombah Creek under baseflow conditions if releases are resumed. This evaluation 
resulted in an HC5 value of 2.2 mg/L boron.  

Boron concentrations that are considered protective of livestock watering for the Santa Gertrudis 
beef cattle that consume Eurombah Creek water range from 10.0 to 43.5 mg/L. This environmental 
value is not considered to be a limiting criterion for boron releases from the Spring Gully WTF, as 
receptors associated with other environmental values, such as ecological protection, have a greater 
sensitivity to boron.  

The guideline value that is protective of 95 percent of agricultural crops in the greater Dawson River 
basin including Eurombah Creek, based on an SSD analysis performed for the nearby DRRS, is 1.4 
mg/L. Corn, wheat, and oats on Lot 7 of Plan AB145 are the only crops currently known to be 
irrigated with water taken from Eurombah Creek. Whilst a variety of crops were considered here to 
protect potential future amendments to the existing water licences, it is understood that any other 
crops that may be grown on the Brigodoon Cattle Company parcel are not irrigated with water from 
Eurombah Creek. An important constraint on the water licence for the parcel that is permitted to 
take water from Eurombah Creek for crop irrigation, is that water takes are only permitted when 
discharge in Eurombah Creek exceeds 562 MLD. These flows represent a 55 times dilution factor of 
the 10.2 MLD permitted discharge from the Spring Gully WTF. With this dilution factor, boron 
concentrations at the point of water take would only exceed 1.4 mg/L if treated water released from 
the Spring Gully WTF contained a boron concentration greater than 77 mg/L at a release rate of 10.2 
MLD. Any flows greater than 562 MLD or WTF releases less than 10.2 MLD would result in an even 
greater dilution factor. Therefore, the crop irrigation environmental value is not considered to be a 
limiting factor for boron releases from the spring Gully WTF, as ecological receptors will exhibit 
adverse effects at lower concentrations of boron.  

Very High reliability site-adapted HC5 values that protect 95 percent of ecological receptors from 
boron toxicity range from 1.0 to 2.1 mg/L across 12 test scenarios evaluated, based on a review and 
sensitivity analysis of the toxicity data used to inform the recently promulgated ANZG (2021) DGVs 
for boron in freshwater. An evaluation of the guideline values derived in the sensitivity analysis 
determined that the most reliable conservative guideline value for boron in freshwater that can be 
derived using existing data approved by ANZG is 2.0 mg/L. This value protects 95 percent of 
freshwater species from toxicity and was derived by generating an SSD in Burrlioz 2.0 using the 
Scenario 12 subset of the toxicity data incorporated into the ANZG (2021) technical guidance on 
boron in freshwater (Appendix C). This site-adapted guideline value represents a significant 
improvement over the 95 percent DGV and reduces uncertainty present in the DGV by excluding 
toxicity data sourced from methodologically flawed studies, nominal toxicity data, and toxicity data 
that is considered unreliable due to known boron requirements for some of the species in the SSD, 
in accordance with the guideline derivation approach described by Warne et al. (2018). 
Furthermore, the Scenario 12 SSD had the best visual fit to the data and the best statistical goodness 
of fit of the 12 scenarios evaluated (Appendix C). The derived guideline value of 2.0 mg/L is 
therefore considered the most reliable value for the protection of aquatic ecosystems and is 
recommended for use as an interim guideline value for boron in treated water released from Spring 
Gully to Eurombah Creek. 

Importantly, this guideline derivation follows the traditional SSD framework and therefore does not 
explicitly consider the potential for adverse effects stemming from boron deficiency and does not 
consider the potential impacts of TMFs. Whilst this guideline derivation improves upon the work 
conducted by ANZG (2021) by enhancing the quality of the input dataset through the removal and 
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substitution of the most uncertain data points, there is still inherent uncertainty present in these 
toxicity data as the physiological boron requirements have not yet been quantified for most of the 
species tested. It is recognised that this is a major data gap in the scientific literature surrounding 
boron toxicity and essentiality and, in the absence of this information, 2.0 mg/L boron is considered 
the most scientifically robust conservative guideline value available. Despite the recognised data 
gaps, the consilience of multiple lines of evidence supports the protectiveness and conservatism of 
this site-adapted guideline value. To summarise,  

1) A field-based line of evidence from a similar system in the region, the Talinga WTF, indicates 
that 2.2 mg/L boron is protective of aquatic ecosystems, 

2) A peer-reviewed literature-based line of evidence that considers essentiality alongside 
toxicity, indicates that 2.7 mg/L boron is protective of aquatic ecosystems, 

3) Across 10 different regulatory agencies globally, the average chronic boron guideline value 
that is protective of aquatic ecosystems is 4.2 mg/L. 

These various lines of evidence support the fact that 2.0 mg/L boron is a conservative guideline 
value that will be protective of aquatic receptors in Eurombah Creek. It is anticipated that explicit 
consideration towards TMFs and/or boron essentiality would result in increases to protective 
guideline values above 2.0 mg/L. 
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4 Conclusions 

A review of aquatic boron toxicity, essentiality, and existing regulatory guidelines was conducted to 
support the development of scientifically robust interim aquatic boron guideline values that are 
protective of livestock watering, crop irrigation, and aquatic ecosystems within the Eurombah Creek 
basin. The key findings from this evaluation are provided as follows, broken out by subject.  

Toxicity and Essentiality 

 Boron is an essential micronutrient at low concentrations and a toxicant at high 
concentrations. There is a lack of consensus in the scientific and regulatory communities on 
appropriate protective guideline values for boron in freshwaters with chronic guideline 
values ranging from 0.94 to 10.0 mg/L globally across regulatory agencies with an average of 
4.2 mg/L.  

 Dual SSDs were developed based on endpoints compiled from peer-reviewed literature for 
aquatic species. This evaluation resulted in a boron concentration of 2.7 mg/L that 
maximised the percentage of species protected when accounting for deleterious effects 
from toxicity and deficiency. This value can serve as a useful reference point for interpreting 
boron guideline values derived using other approaches.  

Livestock Watering 

 Santa Gertrudis cattle raised for beef on the Brigodoon Cattle Company Lot are the only 
known livestock that obtain drinking water from Eurombah Creek. 

 Boron concentrations that are protective of stock watering for beef cattle in the Eurombah 
Creek basin range from 10.0 to 43.5 mg/L depending on the level of conservatism used in 
the assumptions for dose calculations for beef cattle. 

 The livestock watering environmental value is not considered a limiting criterion for boron 
releases from the Spring Gully WTF, as ecological receptors are more sensitive to boron.  

Crop Irrigation 

 Based on the SSD for crop species, 95 percent of crops will be protected at a boron 
concentration of 1.4 mg/L in irrigation water. Corn, wheat, and oats are the only known 
crops currently irrigated with water from Eurombah Creek and this value is conservative and 
protective of these crops grown in natural soils 

 Due to conditions in the one current water licence that authorises takes from Eurombah 
Creek for agricultural irrigation, water takes are only permitted when discharge in Eurombah 
Creek exceeds 562 MLD. This represents a 55 times dilution factor for the 10.2 MLD release 
limit from the Spring Gully WTF.  

 Concentrations greater than 77 mg/L would be required in water released from the Spring 
Gully WTF to exceed the derived guideline value of 1.4 mg/L boron at the point of water 
take. Conversely, if released water from Spring Gully WTF had a boron concentration of 2 
mg/L, the concentration at the point of water take would be approximately 0.036 mg/L. In 
order to exceed the 1.4 mg/L boron threshold at the point of water take whilst releasing 2.0 
mg/L water from the Spring Gully WTF, releases would have to exceed 393 MLD – 
approximately 38 times the current daily release limit. Due to this dilution, the crop 
irrigation environmental value is not considered a limiting criterion for boron releases from 
the Spring Gully WTF.  

Aquatic Ecosystems 
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 Aquatic ecosystems represent the most sensitive environmental value present in Eurombah 
Creek with respect to boron and are therefore the limiting criteria for boron in released 
water from the Spring Gully WTF.  

 The ANZG (2021) technical guidance on boron in freshwaters is a conservative starting point 
for deriving ecologically protective guideline values; however, there is considerable 
uncertainty present in this guidance stemming from reliance on questionable and poor-
quality toxicity data in the original derivation process.  

 A review and sensitivity analysis performed using subsets of the dataset that informed the 
ANZG (2021) boron DGVs resulted in various ‘Very High’ reliability 95 percent species 
protection site-adapted guideline values. The best fitting SSD, based on visual inspection and 
statistical assessment included 17 species from 5 taxa with an HC5 value of 2.0 mg/L for 
boron.  

 
Summary 

The evaluation of each relevant exposure pathway in Eurombah Creek indicated that the protection 
of aquatic ecosystems is the limiting criterion with respect to boron. A site-adapted protective 
guideline value of 2.0 mg/L boron was derived via reanalysis of the toxicity dataset that was used to 
inform the recently promulgated ANZG (2021) DGVs, in accordance with the methodology described 
in Warne et al. (2018). The consilience of multiple lines of evidence supports the protectiveness and 
conservatism of the site-adapted guideline value. To summarise,  

1) A field-based line of evidence from a similar system in the region, the Talinga WTF, indicates 
that 2.2 mg/L boron is protective of aquatic ecosystems, 

2) A peer-reviewed literature-based line of evidence that considers essentiality alongside 
toxicity, indicates that 2.7 mg/L boron is protective of aquatic ecosystems, 

3) Across 10 different regulatory agencies globally, the average chronic boron guideline value 
that is protective of aquatic ecosystems is 4.2 mg/L. 

These various lines of evidence support the fact that 2.0 mg/L boron is a conservative guideline 
value that will be protective of aquatic receptors in Eurombah Creek. It is anticipated that explicit 
consideration towards TMFs and/or boron essentiality would result in increases to protective 
guideline values above 2.0 mg/L. Based on this review, discharge of treated water from the Spring 
Gully WTF containing 2.0 to 2.7 mg/L boron will be protective of all relevant environmental values in 
the Eurombah Creek basin. The site-adapted guideline value of 2.0 mg/L boron is conservative and 
represents a significant improvement and reduction in uncertainty over the current DGV for 95 
percent species protection. 
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5 Data Gaps and Recommendations 

The findings of this review identified multiple information gaps, where more detailed assessment 
may be warranted and should be considered for later phases of this project. Although collection of 
DTA data could facilitate site-specific guideline derivation and should be considered, many of the 
data gaps and recommendations are intended to address shortcomings in the existing regulatory 
guidelines that could potentially be resolved through reanalysis and scrutiny of existing boron 
toxicity data or through focused supplemental laboratory toxicity testing. In order to derive reliable 
boron guideline values, careful consideration must be given to study design and study selection due 
to the role of boron as an essential element. Data gaps are provided in italicised text and 
recommendations follow in normal text. 

Existing regulatory guidelines are highly variable by region and there is considerable uncertainty 
inherent in aquatic boron criteria due to the reliance on poor quality toxicity data. Additional 
literature review of aquatic boron toxicity studies is warranted to understand whether other high-
quality toxicity data exist that can be incorporated into the refined ANZG dataset used to generate 
the SSD for Scenario 12. This is particularly important for species with a demonstrated physiological 
requirement for boron and for species that were removed from the ANZG dataset due to being 
sourced from poor quality studies. In the interim, an aquatic boron guideline value of 2.0 to 2.7 mg/L 
at the release point from the Spring Gully WTF is recommended to protect livestock watering, crop 
irrigation, and aquatic ecosystems in the downstream environment.  

Understanding the extent to which certain water quality parameters may affect boron toxicity is a 
key component of appropriately managing acceptable levels of risk. Focused toxicity testing with 
variable concentrations of hardness, alkalinity, DOC, or pH will help to elucidate the potential 
ameliorating effects that these water quality parameters may have on boron toxicity in freshwater. 
This will help to constrain site-specific boron concentration ranges that are protective of aquatic 
receptors in Eurombah Creek, particularly during low flow conditions. The careful design of these 
toxicity tests is recommended to alleviate some of the uncertainty regarding the potential 
ameliorating effects of common TMFs on boron toxicity. Toxicity data generated from these tests 
will also help to bolster the existing dataset used for guideline derivation. It is likely that 
consideration of TMFs would result in increases to protective boron guideline values above 2.0 mg/L. 

The aquatic life guideline values derived as part of the sensitivity analysis are considered to protect 
95 percent of species from toxicity but do not explicitly account for the confounding variables of 
boron essentiality and deficiency. Although boron requirements for numerous species have been 
demonstrated in the scientific literature, there is still a paucity of information available with respect 
to deficiency-based effects concentrations for many aquatic species. As demonstrated in Figure 2-5, a 
similar level of species protection may be provided by a range of boron concentrations when both 
toxicity and deficiency are considered. This evaluation, based on the paired toxicity and deficiency 
endpoints currently available in peer-reviewed literature, resulted in a boron concentration of 2.7 
mg/L that maximised the percentage of species protected when accounting for deleterious effects 
from toxicity and deficiency. Further investigation is warranted to identify boron requirements for 
additional species, particularly those species that inhabit Eurombah Creek, to ensure that a holistic 
approach that considers the potential for adverse effects stemming from both toxicity and deficiency 
is applied. Identification and incorporation of toxicity and deficiency data for additional species as 
the scientific understanding of boron essentiality continues to progress would likely result in 
protective concentrations greater than the 2.0 to 2.7 mg/L range.  
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Appendix A Case Study Burrlioz Outputs 



Burrlioz 2.0 report
Toxicant: Boron  
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\ Condamine2014_ river_ water .csv                    

Time read: Thu Aug 04 15:48:29 2022  
Units: milligrams per litre  
Model: log logistic  
Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 0.36 0.052 7.3
95% 1.4 0.29 14
90% 2.6 0.61 18
80% 5.1 1.3 26

notes: 
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Data:

ï»¿EC10 (mg/L) Species

1.4 Lemna disperma
12.5 Selanastrum capricornutum

5.8 Ceriodaphnia cf dubia
25 Paratya australiensis

102.2 Melanotaenia splendia
45 Chironomus tepperi



Burrlioz 2.0 report

Toxicant: Boron  
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\ Condamine2014_CSG_water.csv   

Time read: Thu Aug 04 15:51:03 2022  
Units: milligrams per litre  
Model: log logistic  
Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 0.52 0.032 22
95% 2.2 0.22 35
90% 4.3 0.53 43
80% 8.7 1.4 53

notes: 
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Data:

ï»¿EC10 (mg/L) Species

1.3 Lemna disperma
12.1 Selanastrum capricornutum
19.1 Ceriodaphnia cf dubia
84.5 Paratya australiensis
72.3 Melanotaenia splendia

104.5 Chironomus tepperi



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Halcrow_ACR5p1.csv
Time read: Tue Aug 09 09:42:44 2022
Units: milligrams per litre
Model: log logistic

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 1.1 0.14 19
95% 3 0.48 23
90% 4.6 0.84 25
80% 7.4 1.5 27

notes: 
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Data:

ï»¿EC10 Species Notes

31.3 Chironomus tepperi Converted EC50 using an ACR of 5.1 (C. dubia ACR from same study)
19.9 Selanstrum capricornutum −−
12.1 Ceriodaphnia cf dubia −−

1.9 Lemna disperma −−
35 Melanotaenia splendida −−



DRAFT Eurombah Creek Boron Guideline Development 
October 2022 
 

 
EHS Support LLC  

Appendix B Freshwater Chronic Boron Toxicity Data from ANZG 
2021 



Appendix B

Freshwater Chronic Boron Toxicity Data from ANZG 2021

Eurombah Creek Boron Guideline Value Development

Taxonomic Group (phylum) Species Life Stage

Exposure 

Duration 

(days) Toxcicity Measure (test endpoint) Test Medium

Temperature 

(°C)

Hardness

(mg CaCO3/L) pH

Final 

Concentration 

(mg/L)a Reference

Value 

used in 

SSD Footnote

Amphibian (Chordata) Anaxyrus fowleri Embryo 7.5 LC10 (Mortality & development) Reconstituted water 24 57 7.6 55 Dyer (2001), Birge & Black (1977) 41 a, b

Amphibian (Chordata) Anaxyrus fowleri Embryo 7.5 LC10 (Mortality & development) Reconstituted water 24 108 7.6 30 Dyer (2001), Birge & Black (1977) 41 a, b

Amphibian (Chordata) Rana pipiens Embryo 7.5 LC10 (Mortality & development) Reconstituted water 25 53 7.7 48 Dyer (2001), Birge & Black (1977) 29 a, b

Amphibian (Chordata) Rana pipiens Embryo 7.5 LC10 (Mortality & development) Reconstituted water 25 212 7.7 56 Dyer (2001), Birge & Black (1977) 29 a, b

Amphibian (Chordata) Rana pipiens Embryo 7.5 LC10 (Mortality & development) Reconstituted water 25 46 8.3 18 Dyer (2001), Birge & Black (1977) 29 a, b

Amphibian (Chordata) Rana pipiens Embryo 7.5 LC10 (Mortality & development) Reconstituted water 25 203 8.4 15 Dyer (2001), Birge & Black (1977) 29 a, b

Fish (Chordata) Carassius auratus Embryo 7 LC10 (Mortality) Reconstituted water 25 54 7.9 16 Dyer (2001), Birge & Black (1977) 17 a, b

Fish (Chordata) Carassius auratus Embryo 7 LC10 (Mortality) Reconstituted water 25 208 7.6 15 Dyer (2001), Birge & Black (1977) 17 a, b

Fish (Chordata) Carassius auratus Embryo 7 LC10 (Mortality) Reconstituted water 25 46 7.5 20 Dyer (2001), Birge & Black (1977) 17 a, b

Fish (Chordata) Carassius auratus Embryo 7 LC10 (Mortality) Reconstituted water 25 195 8.1 16 Dyer (2001), Birge & Black (1977) 17 a, b

Fish (Chordata) Danio rerio Embryo 34 NOEC (Mortality) DSWL-E medium 24–26 212 7.2–8.0 5.6 Hooftman et al. (2000a) 1.8 a

Fish (Chordata) Danio rerio Embryo 34 NOEC (Biomass, length) DSWL-E medium 24–26 212 7.2–8.0 5.6 Hooftman et al. (2000a) 1.8 a

Fish (Chordata) Danio rerio Embryo 34 NOEC (Biomass, dry weight) DSWL-E medium 24–26 212 7.2–8.0 1.8 Hooftman et al. (2000a) 1.8 a

Fish (Chordata) Ictalurus punctatus Embryo 9 LC10 (Mortality & development) Reconstituted water 25 52 7.5 5 Dyer (2001), Birge & Black (1977) 1.8 a

Fish (Chordata) Ictalurus punctatus Embryo 9 LC10 (Mortality & development) Reconstituted water 29 47 8.5 33 Dyer (2001), Birge & Black (1977) 1.8 a

Fish (Chordata) Ictalurus punctatus Embryo 9 LC10 (Mortality & development) Reconstituted water 29 195 8.2 16 Dyer (2001), Birge & Black (1977) 14 a, b

Fish (Chordata) Melanotaenia splendida Embryo 12 LC10 (Mortality) Condamine River water 25 81 6.9-7.5 102 Acqua Della Vita (2014) 102 a

Fish (Chordata) Micropteris salmoides Embryo 11 LC10 (Mortality) Reconstituted water 20 204 7.5 6 Dyer (2001), Birge & Black (1977) 6 a

Fish (Chordata) Oncorhynchus mykiss Embryo 28 LC10 (Mortality) Reconstituted water 14 54 7.7 2 Dyer (2001), Birge & Black (1977) 6.2 a, b

Fish (Chordata) Oncorhynchus mykiss Embryo 28 LC10 (Mortality) Reconstituted water 14 49 7.9 8 Dyer (2001), Birge & Black (1977) 6.2 a, b

Fish (Chordata) Oncorhynchus mykiss Embryo 28 LC10 (Mortality) Reconstituted water 13 191 7.8 15 Dyer (2001), Birge & Black (1977) 6.2 a, b

Fish (Chordata) Oncorhynchus mykiss Embryo 32 LC10 (Mortality) Reconstituted water 13 197 7.4 30 Dyer (2001), Birge & Black (1977) 6.2 a

Fish (Chordata) Oncorhynchus mykiss Embryo 42 NOEC (Mortality) ASTM ultrapure grade 13 NR NR 86 Rowe et al. (1998) 6.2 a

Fish (Chordata) Pimephales promelas Embryo 32 NOEC (Mortality) USEPA synthetic water 25 91 8 11 Soucek et al. (2011) 11 a

Fish (Chordata) Cirrhinus mrigala Juvenile 52 NOEC (Growth rate) Diluted pond water 23–29 108-120 7.3–7.5 4 Adhikiri & Mohanty (2012) 4 a

Bivalve (Mollusca) Lampsilissiliquoidea Juvenile 21 NOEC (Biomass, length) USEPA moderately hardwater 19–22 89–108 6.8–7.9 10 Hall et al. (2014) 10 a

Bivalve (Mollusca) Lampsilissiliquoidea Juvenile 21 NOEC (Mortality) USEPA moderately hardwater 19–22 89–108 6.8–7.9 32 Hall et al. (2014) 10 a

Macrocrustacean (Arthropoda) Hyalella azteca Juvenile 42 NOEC (Mortality) USEPA synthetic water 22 106 8.1 26 Soucek et al. (2011) 6.6 a

Macrocrustacean (Arthropoda) Hyalella azteca Juvenile 42 NOEC (Reproduction) USEPA synthetic water 22 106 8.1 6.6 Soucek et al. (2011) 6.6 a

Macrocrustacean (Arthropoda) Daphnia magna Neonate 21 NOEC (Reproduction, no. of young) DSWL-E medium 19–21 212 7.2–8.0 10 Hooftman et al. (2000b) 7.3 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 21 NOEC (Reproduction, no. of young) Lake Huron water, filtered, sterilised, hardness adjusted 20-21 148 8.1 (diluent) 6.4 Gersich (1984) 7.3 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 21 NOEC (Reproduction, no. of young) Carbon filtered well water 19 166 7.1-8.7 6 Lewis & Valentine (1981) 7.3 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 14 NOEC (Reproduction, no. of young) Lake Huron water, filtered, sterilised, hardness adjusted 24 170 7.3-8.2 2.4 Gersich & Milazzo (1990) 6.6 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 14 NOEC (Reproduction, no. of young) Lake Huron water, filtered, sterilised, hardness adjusted 24 170 7.3-8.2 2.5 Gersich & Milazzo (1990) 6.6 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 14 NOEC (Reproduction, no. of young) HMSO, British standard synthetic water 20 250 7.9 18 Hickey (1989) 6.6 a, b, c

Macrocrustacean (Arthropoda) Daphnia magna Neonate 14 NOEC (Reproduction, no. of young) EPA soft water 22 44 7.5-8.5 18 Hickey & Macaskill (1988) 6.6 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 14 NOEC (Reproduction, brood size) Lake Huron water, filtered, sterilised, hardness adjusted 24 170 7.3-8.2 2.4 Gersich & Milazzo (1990) 2.4 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 14 NOEC (Reproduction, brood size) Lake Huron water, filtered, sterilised, hardness adjusted 24 170 7.3-8.2 2.5 Gersich & Milazzo (1990) 2.4 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 14 NOEC (Mortality) Lake Huron water, filtered, sterilised, hardness adjusted 24 170 7.3-8.2 2.4 Gersich & Milazzo (1990) 2.4 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 14 NOEC (Mortality) Lake Huron water, filtered, sterilised, hardness adjusted 24 170 7.3-8.2 2.5 Gersich & Milazzo (1990) 2.4 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 21 NOEC (Biomass, length) Lake Huron water, filtered, sterilised, hardness adjusted 20-21 148 8.1 (diluent) 6.4 Gersich & Milazzo (1990) 13 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 21 NOEC (Biomass, length) Carbon filtered well water 19 166 7.1-8.7 27 Lewis & Valentine (1981) 13 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 14 NOEC (Biomass, dry weight) Lake Huron water, filtered, sterilised, hardness adjusted 24 170 7.3-8.2 2.4 Gersich & Milazzo (1990) 2.4 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 14 NOEC (Biomass, dry weight) Lake Huron water, filtered, sterilised, hardness adjusted 24 170 7.3-8.2 2.5 Gersich & Milazzo (1990) 2.4 a, b

Macrocrustacean (Arthropoda) Daphnia magna Neonate 21 NOEC (Reproduction, brood size) Lake Huron water, filtered, sterilised, hardness adjusted 20-21 148 8.1 (diluent) 6.4 Gersich (1984) 2.4 a

Macrocrustacean (Arthropoda) Daphnia magna Neonate 21 NOEC (Reproduction, brood size) Lake Huron water, filtered, sterilised, hardness adjusted 20-21 148 8.1 (diluent) 6.4 Gersich (1984) 2.4 a

Macrocrustacean (Arthropoda) Daphnia magna Neonate 21 NOEC (Mortality) Lake Huron water, filtered, sterilised, hardness adjusted 20-21 148 8.1 (diluent) 29 Gersich (1984) 2.4 a

Microcrustacean (Arthropoda) Ceriodaphnia dubia Neonate 14 NOEC (Reproduction, number of young) HMSO, British standard synthetic water 20 250 7.9 10 Hickey (1989) 5.6 a, c

Microcrustacean (Arthropoda) Ceriodaphnia dubia Neonate 7 NOEC (Reproduction, number of young) EPA synthetic soft water 25 44 7.5-8.5 5.6 Hickey & Macaskill (1988) 5.6 a, c

Macrophyte (Charophyta) Egeria densa Apical stem cutting 28 NOEC (Biomass, dry weight) Modified Ruakura nutrient solution 19-21 23 7.7-10 6.1 Thompson (1987) 6.1 a

Macrophyte (Charophyta) Lemna disperma NR 7 EC10 (Growth) Condamine River water 25 81 7.0-7.2 1.4 Acqua Della Vita (2014) 1.4 a

Macrophyte (Charophyta) Potamogeton ochreatus Apical stem cutting 30 IC10 (Growth) Dechlorinated tap water 22 NR 6.8-77 4.9 Golder Associates (2010) 4.9 a

Macrophyte (Charophyta) Potamogeton ochreatus Apical stem cutting 30 NOEC (Biomass, weight) Dechlorinated tap water 22 NR 6.8-77 7.5 Golder Associates (2010) 4.9 a

Macrophyte (Charophyta) Potamogeton ochreatus Apical stem cutting 30 NOEC (Reproduction) Dechlorinated tap water 22 NR 6.8-77 20 Golder Associates (2010) 4.9 a
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Appendix B

Freshwater Chronic Boron Toxicity Data from ANZG 2021

Eurombah Creek Boron Guideline Value Development

Taxonomic Group (phylum) Species Life Stage

Exposure 

Duration 

(days) Toxcicity Measure (test endpoint) Test Medium

Temperature 

(°C)

Hardness

(mg CaCO3/L) pH

Final 

Concentration 

(mg/L)a Reference

Value 

used in 

SSD Footnote

Green Microalgae (Chlorophyta) Pseudokirchneriella subcapitataExponentially growing 3 NEC (Growth) Modified OECD growth medium with additional NaHCO3 23 24 7.5-8.3 27 Hanstveit & Oldersma (2000) 13 a, b

Green Microalgae (Chlorophyta) Pseudokirchneriella subcapitataNR 3 IC10 (Growth) Condamine River Water 25 81 7.7-8.1 12 Acqua Della Vita (2014) 13 a, b

Green Microalgae (Chlorophyta) Pseudokirchneriella subcapitataNR 4 NOEC (Growth) Algal growth medium without EDTA 24 9.3 7.5-8.5 2.8 Hickey and Macaskill (1988) 2.8 a, c

Green Microalgae (Chlorophyta) Pseudokirchneriella subcapitataNR 8 NOEC (Growth) Algal growth medium without EDTA 24 9.3 7.5-8.5 11 Hickey & Macaskill (1988) 2.8 a, c

Diatom (Bacillariophyta) Cyclotella sp. NR 4-14 NOEC (Biomass, maximum yield) 1/10 Woods Hole MBL medium 20 NR NR 10 Wilkinson (1985) 10 a, c

Diatom (Bacillariophyta) Navicula sp. 1 NR 4-12 IC10 (Maximum growth rate) 1/10 Woods Hole MBL medium 20 NR NR 0.6 Wilkinson (1985) 0.6 a, c, d

Diatom (Bacillariophyta) Navicula sp. 2 NR 4-16 NOEC (Biomass, maximum yield) 1/10 Woods Hole MBL medium 20 NR NR 1 Wilkinson (1985) 1 a, c

Blue–green alga (Cyanobacteria) Nostoc punctiforme sp. 2 NR 6-26 NOEC (Maximum growth rate) 1/10 Woods Hole MBL medium 20 NR NR 10 Wilkinson (1985) 10 a, c

Notes

a = Toxicity value for boron after any groupings, expressed in mg/L

b = Final concentration is geometric mean of two or more chronic effects concentrations

c = Toxicity value based on nominal boron concentrations. All other toxicity values were derived using measured boron concentrations

d = IC10 value derived by ANZG using raw data in original study. Re-analysed toxicity data for Navicula sp. 1

mg/L = milligrams per litre

NR = not reported

NOEC = no observed effects concentration

LC10 = 10 percent lethal concentration

EC10 = 10 percent effects concentration

IC10 = 10 percent inhibitory concentration

SSD = species sensitivity distribution

OECD = Organisation for Economic Co-operation and Development

NEC = no effects concentration
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Appendix C

Burrlioz SSD Sensitivity Analysis Outputs

Eurombah Creek Boron Guideline Development

Scenario Description

Number of 

Species

Number of 

Taxa HC5 (mg/L)

Lower 95% 

CL

Upper 95% 

CL

Lack of Fit p-

valuea
Adequacy of 

Sample Size

Adequacy of 

Fit in SSD Reliabailityb

Default Unmodified ANZG 2021 SSD 22 7 0.94 0.43 2.20 0.6653 Preferred Good Very High

1 Removal of data generated by Birge and Black (1977, 1993) 17 6 0.84 0.39 2.00 0.6094 Preferred Poor Moderate

2 Removal of data generated by Wilkinson (1985) 18 6 1.70 1.10 3.20 0.7862 Preferred Good Very High

3 Removal of Navicula data generated by Wilkinson (1985) 20 7 1.80 1.20 3.40 0.6953 Preferred Good Very High

4 Removal of all nominal datac
17 5 1.70 0.96 3.90 0.8352 Preferred Good Very High

5

Substitution of D. rerio  and O. mykiss  values with more reliable 

effects concentrations from Rowe et al. 1998 22 7 1.00 0.41 2.70 0.7952 Preferred Good Very High

6

Removal of data generated by Birge and Black (1977, 1993) and 

Wilkinson (1985) 13 5 1.50 1.00 2.70 0.7602 Good Poor Moderate

7

Removal of data generated by Birge and Black (1977, 1993) and 

Navicula  data generated by Wilkinson (1985) 15 6 1.60 1.10 2.90 0.6064 Preferred Poor Moderate

8

Removal of data generated by Birge and Black (1977, 1993) and all 

nominal datac
12 4 1.40 0.97 3.00 0.8981 Good Poor Moderate

9

Removal of data generated by Birge and Black (1977, 1993) and 

substitution of D. rerio  and O. mykiss  values with more reliable 

effects concentrations from Rowe et al. 1998 17 6 0.86 0.36 2.20 0.4486 Preferred Poor Moderate

10

Removal of data generated by Wilkinson (1985) and substitution of 

D. rerio  and O. mykiss  values with more reliable effects 

concentrations from Rowe et al. 1998 18 6 2.00 1.20 3.70 0.9421 Preferred Good Very High

11

Removal of Navicula data generated by Wilkinson (1985) and 

substitution of D. rerio  and O. mykiss  values with more reliable 

effects concentrations from Rowe et al. 1998 20 7 2.10 1.30 3.90 0.8651 Preferred Good Very High

12

Removal of all nominal datac and substitution of D. rerio  and O. 

mykiss  values with more reliable effects concentrations from 

Rowe et al. 1998 17 5 2.00 1.00 4.70 0.967 Preferred Good Very High

Notes

CL = confidence limit

HC5 = 5th percentile hazard concentration

mg/L = milligrams per litre

SSD = species sensitivity distribution

a = Lack of fit p-values were calculated using USEPA's SSD Toolbox.

b = Reliability classifications were determined following the criteria provide in Table 7 of Warne et al. 2018c = Nominal data includes the four species from Wilkinson (1985), C. dubia  data from Hickey (1989) and Hickey and Macaskill (1988) and P. subcapitata data from Hickey and Macaskill (1988). The 

toxicity value for P. subcapitata was replaced with the geometric mean of the measured effects concentrations approved by ANZG (18 mg/L).
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Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_1_No_Birge_Black.csv
Time read: Mon Sep 12 09:14:18 2022
Units: milligrams per litre
Model: Burr type III

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 0.45 0.072 1.3
95% 0.84 0.39 2
90% 1.2 0.7 2.6
80% 1.8 1.1 3.7

notes: 
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Data:

ï»¿toxicity_value_mgL species data_type

1.8 Danio rerio Fish
102 Melanotaenia spledida Fish

86 Oncorhynchus mykiss Fish
11 Pimephales promelas Fish

4 Cirrhinus mrigala Fish
10 Lampsilis siliquoidea Macroinvertebrate

6.6 Hyalella azteca Macroinvertebrate
5.6 Ceriodaphnia dubia Microinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte

10 Cyclotella sp Microalga
0.6 Navicula sp 1. Microalga

1 Navicula sp. 2 Microalga
2.8 Pseudokirchneriella subcapitata Microalga

10 Nostoc punctiforme 2 Blue−green algae



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_2_No_Wilkinson.csv
Time read: Mon Sep 12 09:47:13 2022
Units: milligrams per litre
Model: Burr type III

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 1.2 0.4 2.3
95% 1.7 1.1 3.2
90% 2.2 1.5 3.9
80% 3.1 2.1 5.5

notes: 
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Data:

ï»¿toxicity_value_mgL species data_type

41 Anaxyrus fowleri Amphibian
29 Rana pipiens Amphibian
17 Carassius auratus Fish

1.8 Danio rerio Fish
14 Ictalurus punctatus Fish

102 Melanotaenia spledida Fish
6 Micropteris salmoides Fish

6.2 Oncorhynchus mykiss Fish
11 Pimephales promelas Fish

4 Cirrhinus mrigala Fish
10 Lampsilis siliquoidea Macroinvertebrate

6.6 Hyalella azteca Macroinvertebrate
5.6 Ceriodaphnia dubia Microinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte
2.8 Pseudokirchneriella subcapitata Microalga



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_3_No_Navicula.csv
Time read: Mon Sep 12 12:19:47 2022
Units: milligrams per litre
Model: Burr type III

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 1.1 0.38 2.4
95% 1.8 1.2 3.4
90% 2.4 1.6 4.2
80% 3.4 2.3 5.5

notes: 
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Data:

ï»¿toxicity_value_mgL species data_type

41 Anaxyrus fowleri Amphibian
29 Rana pipiens Amphibian
17 Carassius auratus Fish

1.8 Danio rerio Fish
14 Ictalurus punctatus Fish

102 Melanotaenia spledida Fish
6 Micropteris salmoides Fish

6.2 Oncorhynchus mykiss Fish
11 Pimephales promelas Fish

4 Cirrhinus mrigala Fish
10 Lampsilis siliquoidea Macroinvertebrate

6.6 Hyalella azteca Macroinvertebrate
5.6 Ceriodaphnia dubia Microinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte

10 Cyclotella sp Microalga
2.8 Pseudokirchneriella subcapitata Microalga

10 Nostoc punctiforme 2 Blue−green algae



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_4_No_Nominal.csv
Time read: Mon Sep 12 10:09:09 2022
Units: milligrams per litre
Model: Burr type III

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 0.93 0.19 3
95% 1.7 0.96 3.9
90% 2.4 1.5 4.6
80% 3.5 2.2 6.5

notes: 
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Data:

ï»¿toxicity_value_mgL species data_type

41 Anaxyrus fowleri Amphibian
29 Rana pipiens Amphibian
17 Carassius auratus Fish

1.8 Danio rerio Fish
14 Ictalurus punctatus Fish

102 Melanotaenia spledida Fish
6 Micropteris salmoides Fish
6 Oncorhynchus mykiss Fish

11 Pimephales promelas Fish
4 Cirrhinus mrigala Fish

10 Lampsilis siliquoidea Macroinvertebrate
6.6 Hyalella azteca Macroinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte

18 Pseudokirchneriella subcapitata Microalga



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_5_O.mykiss_D.rerio_sub.csv
Time read: Mon Sep 12 12:25:02 2022
Units: milligrams per litre
Model: Burr type III

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 0.33 0.066 1.7
95% 1 0.41 2.7
90% 1.7 0.82 3.6
80% 2.9 1.6 5.4

notes: 
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Data:

ï»¿toxicity_value_mgL species data_type

41 Anaxyrus fowleri Amphibian
29 Rana pipiens Amphibian
17 Carassius auratus Fish
13 Danio rerio Fish
14 Ictalurus punctatus Fish

102 Melanotaenia spledida Fish
6 Micropteris salmoides Fish

86 Oncorhynchus mykiss Fish
11 Pimephales promelas Fish

4 Cirrhinus mrigala Fish
10 Lampsilis siliquoidea Macroinvertebrate

6.6 Hyalella azteca Macroinvertebrate
5.6 Ceriodaphnia dubia Microinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte

10 Cyclotella sp Microalga
0.6 Navicula sp 1. Microalga

1 Navicula sp. 2 Microalga
2.8 Pseudokirchneriella subcapitata Microalga

10 Nostoc punctiforme 2 Blue−green algae



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_6_No_Birge_Black_No_Wilkinson.csv
Time read: Mon Sep 12 10:53:30 2022
Units: milligrams per litre
Model: inverse.weibull

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 0.98 0.64 2
95% 1.5 1 2.7
90% 1.8 1.3 3.3
80% 2.5 1.8 4.5

notes: 
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Data:

ï»¿toxicity_value_mgL species data_type

1.8 Danio rerio Fish
102 Melanotaenia spledida Fish

86 Oncorhynchus mykiss Fish
11 Pimephales promelas Fish

4 Cirrhinus mrigala Fish
10 Lampsilis siliquoidea Macroinvertebrate

6.6 Hyalella azteca Macroinvertebrate
5.6 Ceriodaphnia dubia Microinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte
2.8 Pseudokirchneriella subcapitata Microalga



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_7_No_Birge_Black_No_Navicula.csv
Time read: Mon Sep 12 10:59:34 2022
Units: milligrams per litre
Model: inverse.weibull

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 1.1 0.68 2.2
95% 1.6 1.1 2.9
90% 2 1.4 3.5
80% 2.8 2 4.7

notes: 
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Data:

ï»¿toxicity_value_mgL species data_type

1.8 Danio rerio Fish
102 Melanotaenia spledida Fish

86 Oncorhynchus mykiss Fish
11 Pimephales promelas Fish

4 Cirrhinus mrigala Fish
10 Lampsilis siliquoidea Macroinvertebrate

6.6 Hyalella azteca Macroinvertebrate
5.6 Ceriodaphnia dubia Microinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte

10 Cyclotella sp Microalga
2.8 Pseudokirchneriella subcapitata Microalga

10 Nostoc punctiforme 2 Blue−green algae



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_8_No_Birge_Black_No_Nominal.csv
Time read: Mon Sep 12 11:30:03 2022
Units: milligrams per litre
Model: inverse.weibull

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 0.93 0.58 2.2
95% 1.4 0.97 3
90% 1.9 1.3 3.8
80% 2.7 1.8 5.4

notes: 
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Data:

ï»¿toxicity_value_mgL species data_type

1.8 Danio rerio Fish
102 Melanotaenia spledida Fish

86 Oncorhynchus mykiss Fish
11 Pimephales promelas Fish

4 Cirrhinus mrigala Fish
10 Lampsilis siliquoidea Macroinvertebrate

6.6 Hyalella azteca Macroinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte

18 Pseudokirchneriella subcapitata Microalga



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_9_No_Birge_Black_O.mykiss_D.rerio_sub.csv
Time read: Mon Sep 12 13:45:45 2022
Units: milligrams per litre
Model: Burr type III

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 0.36 0.059 1.4
95% 0.86 0.36 2.2
90% 1.3 0.67 3
80% 2.2 1.1 4.3

notes: 
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Data:

ï»¿toxicity_value_mgL species data_type

13 Danio rerio Fish
102 Melanotaenia spledida Fish

86 Oncorhynchus mykiss Fish
11 Pimephales promelas Fish

4 Cirrhinus mrigala Fish
10 Lampsilis siliquoidea Macroinvertebrate

6.6 Hyalella azteca Macroinvertebrate
5.6 Ceriodaphnia dubia Microinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte

10 Cyclotella sp Microalga
0.6 Navicula sp 1. Microalga

1 Navicula sp. 2 Microalga
2.8 Pseudokirchneriella subcapitata Microalga

10 Nostoc punctiforme 2 Blue−green algae



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_10_No_Wilkinson_O.mykiss_D.rerio_sub.csv
Time read: Mon Sep 12 11:50:46 2022
Units: milligrams per litre
Model: Burr type III

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 1.2 0.43 2.7
95% 2 1.2 3.7
90% 2.6 1.7 4.6
80% 3.7 2.4 6.6

notes: 
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Data:

ï»¿toxicity_value_mgL species data_type

41 Anaxyrus fowleri Amphibian
29 Rana pipiens Amphibian
17 Carassius auratus Fish
13 Danio rerio Fish
14 Ictalurus punctatus Fish

102 Melanotaenia spledida Fish
6 Micropteris salmoides Fish

86 Oncorhynchus mykiss Fish
11 Pimephales promelas Fish

4 Cirrhinus mrigala Fish
10 Lampsilis siliquoidea Macroinvertebrate

6.6 Hyalella azteca Macroinvertebrate
5.6 Ceriodaphnia dubia Microinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte
2.8 Pseudokirchneriella subcapitata Microalga



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_11_No_Navicula_O.mykiss_D.rerio_sub.csv
Time read: Mon Sep 12 12:02:25 2022
Units: milligrams per litre
Model: Burr type III

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 1.2 0.44 2.7
95% 2.1 1.3 3.9
90% 2.8 1.8 4.8
80% 4 2.7 6.5

notes: 

Boron Concentration (mg/L)
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Data:

ï»¿toxicity_value_mgL species data_type

41 Anaxyrus fowleri Amphibian
29 Rana pipiens Amphibian
17 Carassius auratus Fish
13 Danio rerio Fish
14 Ictalurus punctatus Fish

102 Melanotaenia spledida Fish
6 Micropteris salmoides Fish

86 Oncorhynchus mykiss Fish
11 Pimephales promelas Fish

4 Cirrhinus mrigala Fish
10 Lampsilis siliquoidea Macroinvertebrate

6.6 Hyalella azteca Macroinvertebrate
5.6 Ceriodaphnia dubia Microinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte

10 Cyclotella sp Microalga
2.8 Pseudokirchneriella subcapitata Microalga

10 Nostoc punctiforme 2 Blue−green algae



Burrlioz 2.0 report

Toxicant: 
Input file: R:\Origin\03Burrlioz\Burrlioz Inputs\Sensitivity Analysis\Scenario_12_No_Nominal_O.mykiss_D.rerio_sub.csv
Time read: Mon Sep 12 12:09:53 2022
Units: milligrams per litre
Model: Burr type III

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 1 0.19 3.4
95% 2 1 4.7
90% 2.9 1.7 5.7
80% 4.5 2.6 8

notes: 
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Data:

ï»¿toxicity_value_mgL species data_type

41 Anaxyrus fowleri Amphibian
29 Rana pipiens Amphibian
17 Carassius auratus Fish
13 Danio rerio Fish
14 Ictalurus punctatus Fish

102 Melanotaenia spledida Fish
6 Micropteris salmoides Fish

86 Oncorhynchus mykiss Fish
11 Pimephales promelas Fish

4 Cirrhinus mrigala Fish
10 Lampsilis siliquoidea Macroinvertebrate

6.6 Hyalella azteca Macroinvertebrate
2.4 Daphnia magna Macroinvertebrate
6.1 Egeria densa Macrophyte
1.4 Lemna disperma Macrophyte
4.9 Potamogeton ochreatus Macrophyte

18 Pseudokirchneriella subcapitata Microalga
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