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Important Note 

This report and all its components (including images, audio, video, text) is copyright. Apart from fair 
dealing for the purposes of private study, research, criticism or review as permitted under the 
Copyright Act 1968, no part may be reproduced, copied, transmitted in any form or by any means 
(electronic, mechanical or graphic) without the prior written permission of O2 Marine.  

This report has been prepared for the sole use of the BCI Minerals Limited (herein, ‘the client’), for a 
specific site (herein ‘the site’, the specific purpose specified in Section 1 of this report (herein ‘the 
purpose’). This report is strictly limited for use by the client, to the purpose and site and may not be 
used for any other purposes.  

Third parties, excluding regulatory agencies assessing an application in relation to the purpose, may 
not rely on this report. O2 Marine waives all liability to any third-party loss, damage, liability or claim 
arising out of or incidental to a third-party publishing, using or relying on the facts, content, opinions or 
subject matter contained in this report.  

O2 Marine waives all responsibility for loss or damage where the accuracy and effectiveness of 
information provided by the Client or other third parties were inaccurate or not up to date and was 
relied upon, wholly or in part in reporting.  
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Acronyms and Abbreviations 

Acronyms/Abbreviation Description 

ACR acute to chronic ratio 

ANZECC Australia and New Zealand Environment and Conservation Council 

ARMCANZ Agricultural and Resource Management Council of Australia and 
New Zealand 

BCI BCI Minerals Ltd 

CSIRO Commonwealth Scientific and Industrial Research Organisation 

DPIRD Department of Primary Industries and Regional Development 

EC Effects Concentration 

EC/IC10 The concentration of a given contaminant that will cause an effect or the 
inhibition of growth or reproduction in 10% of a collection of organisms over a 
given period of time 

EC/IC50 The concentration of a given contaminant that will cause a sub-lethal 
effect or inhibition of growth or reproduction in 50% of a collection of 
organisms over a given period of time. Effects can be larval abnormalities, 
reproductive impairment, and growth inhibition or fertilisation success. 

EPA Western Australian Environmental Protection Authority 

EP Act Environmental Protection Act 1986 

EQP Environmental Quality Plan 

ESA Ecotox Services Australasia 

ESD Environmental Scoping Document 

FSW Filtered seawater 

GLpa Gigalitres per annum 

GV Guideline values from ANZECC/ARMCANZ (2000) 

IC Inhibition Concentration 

ISQG Interim Sediment Quality Guidelines 

LAT Lowest Astronomical Tide 

LC Lethal Concentration 

LEP Level of Environmental Protection 

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

NaCl Sodium Chloride 

NATA National Association of Testing Authorities 

NOEC No Observed Effect Concentration. The highest concentration of a 
toxicant at which no statistically significant effect is observable, 
compared to the controls; the statistical significance is measured at 
the 95% confidence level. 

PER Public Environmental Review 

QAQC Quality assurance/Quality Control 

SOP Sulfate of Potash 

SSD Species Sensitivity Distribution 

WA Western Australia 

WET Whole Effluent Toxicity 
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1. Introduction 

 Proposal Description 

1.1.1. Short Summary of the Proposal 

Table 1-1 Short Summary of the Proposal 

Proposal Title 
Mardie Project 

Proponent Name 
Mardie Minerals Pty Ltd  

Short Description 
Mardie Minerals Pty Ltd is seeking to develop a greenfields high quality salt and sulphate of 
potash (SOP) project and associated export facility at Mardie, approximately 80 km south west 
of Karratha, in the Pilbara region of WA. The proposal will utilise seawater to produce a high 
purity salt product, SOP and other products derived from sea water. 
The proposal includes the development of a seawater intake, concentrator and crystalliser 
ponds, processing facilities and stockpile areas, bitterns disposal pipeline and diffuser, trestle 
jetty export facility, transhipment channel, drainage channels, access / haul roads, desalination 
(reverse osmosis) plant, borrow pits, pipelines, and associated infrastructure (power supply, 
communications equipment, offices, workshops, accommodation village, laydown areas, 
sewage treatment plant, landfill facility, etc.). 

1.1.2. Proposal Description 

Mardie Minerals Pty Ltd (Mardie Minerals) seeks to develop the Mardie Project (the proposal), a 
greenfields high-quality salt project in the Pilbara region of Western Australia (Figure 1-1). Mardie 
Minerals is a wholly owned subsidiary of BCI Minerals Limited. 

The proposal is a solar salt project that utilises seawater and evaporation to produce raw salts as a 
feedstock for dedicated processing facilities that will produce a high purity salt, industrial grade fertiliser 
products, and other commercial by-products. Production rates of 4.0 Million tonnes per annum (Mtpa) 
of salt (NaCl), 100 kilo tonnes per annum (ktpa) of Sulphate of Potash (SoP), and up to 300 ktpa of 
other salt products are being targeted, sourced from a 150 Gigalitre per annum (GLpa) seawater intake. 
To meet this production, the following infrastructure will be developed: 

 Seawater intake, pump station and pipeline; 
 Concentrator ponds;  
 Drainage channels; 
 Crystalliser ponds; 
 Trestle jetty and transhipment berth/channel; 
 Bitterns disposal pipeline and diffuser; 
 Processing facilities and stockpiles; 
 Administration buildings; 
 Accommodation village, 
 Access / haul roads; 
 Desalination plant for freshwater production, with brine discharged to the evaporation ponds; 

and 
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 Associated infrastructure such as power supply, communications, workshop, laydown, landfill 
facility, sewage treatment plant, etc. 
 

Seawater for the process will be pumped from a large tidal creek into the concentrator ponds. All pumps 
will be triple-screened and operated accordingly to minimise entrapment of marine fauna and any 
reductions in water levels in the tidal creek. 

Concentrator and crystalliser ponds will be developed behind low permeability walls engineered from 
local clays and soils and rock armoured to protect against erosion. The height of the walls varies across 
the project and is matched to the flood risk for the area. 

Potable water will be required for the production plants and the village. The water supply will be sourced 
from a desalination plant which will provide the water required to support the Project. The high salinity 
output from the plant will be directed to a concentrator pond with the corresponding salinity. 

A trestle jetty will be constructed to convey salt (NaCl) from the salt production stockpile to the 
transhipment berth pocket. The jetty will traverse the intertidal zone for approximately 3.6 km before 
extending into the ocean for a further 3.4 km. The jetty will not impede coastal water or sediment 
movement, thus ensuring coastal processes are maintained. 

Dredging of up to 800,000 m3 will be required to ensure sufficient depth for the transhipper berth pocket 
at the end of the trestle jetty, as well as along a 4 km long channel out to deeper water. The average 
depth of dredging is approximately 1 m below the current sea floor. The dredge spoil is inert and will be 
transported to shore for use within the development. 

The production process will produce a high-salinity bittern that, prior to its discharge through a diffuser 
at the far end of the trestle jetty, will be diluted with seawater to bring its salinity closer to that of the 
receiving environment.  

Access to the project from North West Coastal Highway will be based on an existing public road 
alignment that services the Mardie Station homestead and will require upgrading (i.e. widening and 
sealing). 

The majority of the power required for the project (i.e. approximately 95%) is provided by the sun and 
the wind, which drives the evaporation and crystallisation processes. In addition, the Project will require 
diesel and gas to provide additional energy for infrastructure, support services and processing plant 
requirements. 

The proposal will be developed within three separate development envelopes. The boundaries of these 
development envelopes are shown in Figure 1-2 and described in Table 1-2. 
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Table 1-2 Location and proposed extent of physical and operational elements. 

Element Ref. Proposed Extent 

Physical Elements 

Ponds & Terrestrial Infrastructure Development 
Envelope – evaporation and crystalliser ponds, 
processing facilities, access / haul road, desalination 
plant, administration, accommodation village, quarry, 
laydown, other infrastructure. 

Fig. 1.2 Disturbance of no more than 11,500 ha within the 
14,944 ha Ponds & Terrestrial Infrastructure 
Development Envelope. 

Marine Development Envelope – trestle jetty, seawater 
intake and pipeline, bitterns pipeline. 

Fig. 1.2 Disturbance of no more than 95 ha within the 287 ha 
Marine Development Envelope. 

Transhipment Corridor Development Envelope – berth 
pocket, channel to allow access for transhipment 
vessels, bitterns outfall diffuser, bitterns dilution 
seawater intake. 

Fig. 1.2 Disturbance of no more than 40 ha within the 340 ha 
Transhipment Corridor Development Envelope. 

Operational Elements 

Desalination Plant discharge Fig. 1.2 Discharge to evaporation ponds only. 
Dredge volume Fig. 1.2 Dredging is only to occur within the Transhipment 

Corridor Development Envelope. 
Dredging of no more than 500,000 m3 of material 
from the berth pocket and high points within the 
transhipment channel, with the material to be 
deposited within the Ponds & Infrastructure 
Development Envelope. 

Bitterns discharge Fig. 1.2 Discharge of up to 3.6 gigalitres per annum (GLpa) 
bitterns within a dedicated offshore mixing zone. 

 

 Scope and Objectives 

The scope of this report is to address Item 32 work requirement outlined in the Mardie Project - 
Environmental Scoping Document (ESD) (Preston 2018): 

32 Conduct whole effluent toxicity (WET) testing to determine and describe the toxic effects of the 

bitterns discharge and predict the number of dilutions required to meet the different levels of 

ecological protection surrounding the outfall as shown in the Environmental Quality Plan (EQP- 

refer below). Specifically utilise available information to undertake a marine biota ecotoxicology 

assessment of local marine indicator species for proposed marine discharges; 

Specifically, the document includes the following key elements: 

 Undertake WET testing of a prototype discharge using a suite of targeted representative 
tropical/sub-tropical Australian species comprising several trophic levels and taxonomic 
groups; 

 Use the results of WET testing to develop species protection values using a species sensitivity 
distribution; and 

 Provide advice that informs hydrodynamic modelling and dilution factors for the proposed 
effluent.  

A prototype bitterns effluent from a solar salt processing facility at Onslow has been used as the bitterns 
sample for WET testing in the absence of a Project specific bitterns sample.  
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Figure 1-1 Mardie Project Regional Location 
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Figure 1-2 Mardie Project Development Envelopes: Marine, Ponds and Terrestrial Infrastructure and Transhipment Corridor. 
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2. Outfall Setting 

 Outfall Discharge 

The outfall is proposed to be located in approximately 6 m depth Lowest Astronomical Tide (LAT) within 
the proposed dredged berth pocket and turning circle for the Project (Figure 2-1). 

Empirical testing of the prototype bitterns sample for physico-chemical, ionic balance and metal 
parameters in water was performed by MPL Laboratories to determine the potential contaminants and 
their concentrations in the effluent. Similar testing was also undertaken on seawater samples collected 
from site for a control comparison with the bitterns sample. The results of the testing undertaken, 
combined with comparison against ANZECC/ARMCANZ (2000) guideline values (GVs), are presented 
in Appendix A. The results have been summarised below: 

 pH of 7.2 is slightly below the default ecosystem health lower GV of 8 for nearshore tropical 
waters, although within the range of GVs for aquaculture and recreation; 

 Electrical conductivity of 170,000 μS/cm is ~2.5 times seawater concentrations and total 
dissolved solids (TDS) of 420,000 mg/L is ~12 times the aquaculture GV, although below the 
recreation GV; 

 The density of the bitterns fluid is higher than seawater associated with large increases in 
salts, with specific gravities of 1.25 g/mL and 1.03 g/mL, respectively; 

 Sodium and chloride are the most abundant salt cations and anions within both bitterns and 
seawater samples. The relative composition of sodium in the bitterns sample was significantly 
lower than observed in seawater samples, whilst the cation magnesium and the anion 
sulphate were significantly higher. The relative composition of calcium and potassium anions 
in the bitterns were slightly lower and higher, respectively, than seawater samples, and 
chloride was slightly lower; 

 The composition of chloride is relatively stable with seawater;  
 Lower alkalinity is recorded within the bitterns due predominantly to a reduction of 

bicarbonates, and high concentration of dissolved salts within the bitterns sample results in 
extreme hardness values of 160,000 mg/L compared to ~7,000 mg/L in the seawater; and 

 Zinc exceeded the 99% and 95% GVs and Arsenic exceeded low reliability GVs and was 10-
times the concentration in seawater. The remaining metals tested appear to meet the 99% or 
95% GVs.1 

 

                                                

1 Ultra-trace testing was not undertaken on bitterns samples. The limit of reporting was above the 99% and 95% percentile SPLs for chromium, 
copper and lead, and above the 90th percentile for copper. 
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 Existing Environment 

Subtidal benthic communities and habitat (BCH) within the immediate vicinity of the outfall have been 
classified in O2 Marine (2019a) as bioturbated sand, with coral/ macroalgae and filter feeder/ 
macroalgae/ seagrass BCH in the surrounding area.  

Oceanography and water circulation at the site are dominated by tidal flows, with a mean tidal range of 
3.6 m in spring and 1 m during neap tides (Baird 2019). Current directions ebb and flow in a northeast 
and southwest direction during ebb and flood tides, respectively, with peak depth averaged speeds of 
between 0.3 m/s-1 – 0.5 m/s-1 in spring and 0.2 m/s-1 – 0.3 m/s-1 during neap tides (Baird 2019). The 
significant wave height is dominated by locally generated sea conditions within the range of 0.5 m to 
1 m at short wave periods (Tp< 5 s). In dry season months low amplitude swell from the Indian Ocean 
propagates to the site from the north and occurs in conjunction with locally generated sea waves of 
short period derived from east-southeasterly (morning) to northwesterly (afternoon) prevailing winds. In 
the wet season the wave climate is locally generated sea waves from strong west-northwest prevailing 
winds, with sea conditions protected by the chain of islands further offshore (Baird 2019). 

Marine sediment and water quality investigations undertaken for the Mardie Project indicate the existing 
environment meets a high level of ecological protection without signs of anthropogenic influence. The 
following specific observations are made regarding water and sediment quality: 

Sediment Quality (O2 Marine 2019b) 

• Sediment samples were comprised of sandy sediments with low levels of organic carbon and 
naturally low levels of metals, hydrocarbons and tributyltin, herbicides and nutrients below 
ANZECC/ARMCANZ (2000) interim sediment quality guideline Low (ISQG-Low) screening 
levels; and 

• Arsenic and nickel concentrations were the only constituents which exceeded the ISQG-Low 
screening levels, although these metals are known to be naturally elevated within Pilbara 
sediments (DEC 2006). 
 

Water Quality (O2 Marine 2019c) 

• Water quality samples collected in the vicinity of the proposed outfall location contained low 
levels of dissolved metals, hydrocarbons and nutrients below the ANZECC/ARMCANZ (2000) 
guidelines; 

• Salinity in the vicinity of the proposed outfall location was found to be higher than previously 
reported nearshore Pilbara environments, with median salinity of ~39.3 ppt. O2 Marine 
(2019c) identified that the higher salinity was possible due to a combination of restricted 
mixing with lower salinity oceanic currents, high evaporation rates and limited freshwater 
runoff to the nearshore waters; 

• Median water temperature in the vicinity of the proposed outfall location ranged from 22.7oC in 
the Dry season to 22.7oC in the wet season; and 

• Waters in the vicinity of the discharge were generally very turbid with median turbidity of 9.1 
NTU recorded between November 2018 and March 2019. 
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 EPA Guidance 

The EPA provide a framework for protecting the quality of Western Australia’s marine environment in 
EPA (2016) to spatially define, assess and manage potential impacts of proposals on marine 
environmental quality. One of the processes of the framework relevant to this report is the spatial 
designation of the area around the outfall into four Levels of Ecological Protection (LEPs): Maximum, 
High, Moderate and Low. This work has been derived for the Environmental Quality Plan (EQP) (O2 
Marine 2019d). The Low, Moderate and High LEP areas surrounding the outfall are presented in Figure 

2-1 to determine the number of dilutions required to meet the different levels of ecological protection 
surrounding the outfall. In accordance with EPA (2016), the Low LEP extends 70 m around the outfall, 
the Moderate LEP extends 250 m from the Project infrastructure (including the berth pocket), and the 
area beyond the 250 m boundary is designated as a High LEP. EPA (2016) also provides guidance for 
the species protection levels required within each LEP, where Low, Moderate and High LEP areas are 
recommended to be assigned the 80%, 90% and 99% species protection levels, respectively.  
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Figure 2-1 The location of the outfall and levels of ecological protection for environmental quality surrounding the outfall 
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3. Methods 

The prototype effluent was taken from Onslow Solar Salt processing facility which was used as a 
surrogate sample to enable an impact assessment in the absence of a proposed Mardie Salt processing 
product. This effluent was provided to EcoTox Services Australia Pty Ltd (ESA) ecotoxicity testing 
laboratory.  

 Whole Effluent Toxicity Assessment 

WET testing of the prototype bitterns discharge effluent was carried out by ESA. Species selected for 
testing were determined to be locally relevant and methodologies used for each species are outlined in 
Table 3-1. 

ESA undertook all testing in compliance with ISO/IEC 17025 and Quality Assurance/ Quality Control 
(QA/QC) test protocols, including use of diluted filtered seawater (FSW) control samples and reference 
toxicants. In addition, ESA are accredited by the National Association of Testing Authorities (NATA) for 
many of the tests undertaken (NATA No. 14709). The complete laboratory testing methodology and 
QA/QC undertaken by ESA is provided in Appendix B. Fact sheets on the toxicity tests undertaken 
can be found on the ESA website (ESA 2019). 

All samples were serially diluted (6 x) with FSW to achieve the test concentrations. Owing to the 
hypersaline nature of the bitterns sample, the highest concentration tested was 5%, with a 
corresponding salinity of 50.9 ‰. 

Table 3-1 Analytical tests, temperature, acute or chronic tests and test protocols 

Test Performed Temperature Acute/Chronic Test Protocols 

48-hr larval development test 
using the Milky oyster 
Saccostrea echinata1 

25±1°C Sub-chronic ESA SOP 106 (ESA 2016), based on APHA 
(1998) and Krassoi (1995) 

96-hr toxicity test using the 
amphipod Melita plumulosa 

20±1°C Acute ESA SOP 108 (ESA 2017), based on 
USEPA (2002) and Department of Transport 
and Communications (1990) 

8-day Sea anemone pedal 
lacerate development test using 
Aiptasia pulchella 

25±1°C Chronic ESA SOP 128 (ESA 2014), based on Howe 
et al (2014). 

72-hr sea urchin larval 
development test using 
Heliocidaris tuberculata1 

20±1°C Chronic ESA SOP 105 (ESA 2016), based on APHA 
(1998), Simon and Laginestra (1996) and 
Doyle et al. (2003). 

96-hr fish imbalance toxicity test 
using barramundi Lates calcarifer 

25±2°C Acute ESA SOP 117 (ESA 2017), based on 
USEPA (2002) 

7-day fish imbalance and 
biomass toxicity test using 
barramundi Lates calcarifer1 

25±2°C Chronic ESA SOP 122 (ESA 2017), based on 
USEPA (2002) 

72-hr marine algal growth test 
using Nitzschia Closterium 

21±1°C Chronic ESA SOP 110 (ESA 2016), based on 
Stauber et al. (1994). 

1 Test not covered by NATA accreditation 
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All species selected are found in tropical/sub-tropical waters of Australia. The Milky oyster Saccostrea 

echinata, a farm-reared species from Mackay, QLD, was selected as representative of local milky oyster 
molluscs found in the Pilbara including Saccostrea cucullata, and pearl oysters (e.g. Pinctada spp.). 
The amphipod Melita plumulosa was cultured in the Hawkesbury River, NSW, intended to represent 
local crustaceans such as sediment and pelagic macrofauna, prawns and crayfish species. The sea 
anemone Aiptasia pulchella was sourced from Marine Ecology Research Centre at Southern Cross 
University, Lismore, NSW, and was tested to represent benthic infauna species such as scleractinian 
corals, octo-corals and hydrozoans. The sea urchin Heliocidaris tuberculata, a farm-reared species 
from Mackay, QLD, is commonly found locally in the Pilbara and represents other common echinoderms 
found in the area such as the Diadema urchins, sea cucumbers and sea stars. The barramundi Lates 

calcarifer was hatchery reared in SA and represents a common tropical fish species. The Nitzschia 

Closterium cultured at CSIRO in Tasmania is a common marine diatom found in Pilbara waters. 

 Data presentation and statistical analysis 

The toxicity test data generated by ESA are presented in several ways. The concentration at which no 
observed effects (no observed effect concentration, NOEC) is generally used as the most conservative 
measure of toxicity in that it is the lowest concentration at which no test organisms are affected. The 
lowest observed effects concentration (LOEC) is the concentration where the first statistically detectable 
toxicity is observed. The concentration that causes one or more specified effects in 50% of the test 
organisms in the prescribed test duration (EC50) or which inhibits growth or reproduction of 50% of the 
test organisms in the prescribed test duration (IC50) are statistically calculated. Similarly, IC/EC10 values 
are statistically calculated as the concentration that causes one or more specified effects/detectable 
inhibition in 10% of the test organism. Three methods are used to calculate the EC/IC values dependant 
on the distribution of the data and the curve of best fit; 1) the integrated normal (probit) model, 2) the 
logistic (logit) model, and 3) the trimmed spearman-karber method (Hamilton et al. 1977). The trimmed 
spearman-karber method was only used to estimate the IC/EC50 where the logit-model was applied. 

Burrlioz 2.0 is a statistical software package for use in environmental management of species regarding 
analysis of the effects of toxin levels in an environment. Depending on the number of observations, 
Burrlioz 2.0 uses either the log-logistic (n < 8) or the Burr Type III (n ≥ 8) model, to estimate the greatest 
concentration of a toxin at which no observed effect to a species will be detected. The 
ANZECC/ARMCANZ (2000) guidelines recommend using the Burrlioz program and stipulate that: 

The program determines by statistical means the distribution that best fits the available toxicity data 

and calculates the 95% protection level (with median confidence) or any other nominated protection 

level. 

For this assessment, the Burrlioz 2.0 program was used to analyse the toxicity results and to plot the 
species sensitivity distribution (SSD) to derive the concentration that protects 80%, 90%, 95% and 99% 
of species with 50% confidence. Analysis by the Burrlioz 2.0 program is designed to utilise EC/IC10 

values derived from chronic toxicity tests to provide high reliability guideline values. Warne et al (2014) 
recommend:  

EC/IC/LCx where x≤10 are to be used in preference to NOEC and then NOEC estimated values derived 

from LOEC and LC50 values.  
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In cases where there are insufficient chronic data to derive a guideline value, acute toxicity data can be 

converted to provide an estimate of chronic toxicity. ANZECC/ARMCANZ (2000) guidelines use EC50 

data derived from acute tests in the Burrlioz 2.0 program; however, an effluent-specific acute to chronic 
ratio (ACR) must be applied to convert the data to a chronic equivalent. A chemical-specific ACR is 
derived from chronic and acute tests performed on a given species for a test chemical or solution. Both 
chronic and acute imbalance tests were performed on the barramundi Lates calcarifer species to derive 
a chemical-specific ACR using the IC50 (acute):IC10 (chronic) results. This ratio was then applied to the 
LC50 acute test results for the amphipod Melita plumulosa to convert the data to a chronic equivalent. 
The default ACR of 10 was also applied to convert acute EC/IC50 values to chronic EC10 values in 
accordance with ANZECC/ARMCANZ (2000) guidelines.  

It is also worth noting that the Burrlioz 2.0 program is a distribution-fitting application and the more 
ecotoxicity tests used, the more reliable the guideline values calculated. As a minimum, Warne et al. 
(2014) state:  

The minimum data requirements for using an SSD have not changed from the ANZECC/ARMCANZ 

(2000) Guidelines i.e. toxicity data for at least five species that belong to at least four taxonomic groups 

but using toxicity data from at least 8 species is strongly encouraged and from more than 15 species is 

considered optimal.  

Seven tests comprised of six different taxonomic groups (microalga, echinoderm, crustacean, 
cnidarian, mollusc and fish) were undertaken to provide eight test results. However, not all test results 
could be applied in the derivation of the SSD. Five species that belong to five groups were used to 
develop the SSD (i.e. crustacean results were not able to be used). 

Currently, laboratories have a limited number of tropical test species available, although this will likely 
change as the new guidelines become more prevalent. The lowest value for all combinations of a 
species and endpoint is adopted as the toxicity value to represent the sensitivity of the species in the 
SSD calculations (Warne et al. 2014). Therefore, from the three fish test results, the lowest value was 
used to derive the species protection guideline value. All of the input values for SSD calculations were 
derived from chronic tests only. 
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4. Results 

 Whole Effluent Toxicity Assessment 

A summary of the results of WET testing of the prototype bitterns effluent on six species is presented 
in Table 4-1. The test reports are provided in Appendix B. 

Toxicity was observed in all tests with NOEC’s ranging from 0.31% effluent concentration for the milky 
oyster, sea urchin and sea anemone development, and up to 1.25% for barramundi larvae or fish 
fry/fingerlings imbalance acute and chronic test results.  

The LOEC’s for each species varied between the different species and tests relative to the NOEC 
values for each species, with milky oyster, sea urchin and sea anemone exhibiting effects at a lower 
concentration of effluent than the other species (0.63%). Comparatively, statistically detectable effects 
on barramundi larvae or fish fry/fingerlings imbalance acute and chronic test results were not observed 
until the concentration reached 2.5%. 

The EC50/IC50 and EC10/IC10 concentrations were lowest for the milky oyster (0.70% & 0.41%, 
respectively) and highest for the acute barramundi imbalance test results (1.89% & 1.95%, 
respectively). However, the microalgae were the only organisms tested which did not exhibit complete 
effects observed at the highest concentration tested (5% effluent or 50.9 ppt). 

Table 4-1 WET assessment results for the proportion (%) of prototype Mardie bitterns effluent resulting in the 

NOEC, LOEC, 50% and 10% EC/IC (± 95% Confidence Limits) 

Test NOEC LOEC EC50/IC50 

(±95% CL) 

EC10/IC10 

(±95% CL) 

48-hr larval development test using the Milky oyster 
Saccostrea echinata. 

0.31% 0.63% 0.70% (0.68-0.73) 0.41% (0.37-0.46) 

96-hr acute toxicity test using the amphipod Melita 
plumulosa 

0.63% 1.25% 1.75% (1.42-2.16) 0.88% (0.57-1.12) 

8-day Sea anemone pedal lacerate development test 
using Aiptasia pulchella 

0.31% 0.63% 0.70% (0.49-0.86) 0.43% (0.17-0.57) 

72-hr sea urchin larval development test using 
Heliocidaris tuberculata 

0.31% 0.63% 0.80% (0.78-0.82) 0.55% (0.47-0.69) 

96-hr fish imbalance toxicity test using barramundi 
Lates calcarifer 

1.25% 2.5% 1.89% (1.73-
2.08)1 

1.95% (1.49-2.13) 

7-day fish imbalance toxicity test using barramundi 
Lates calcarifer 

1.25% 2.5% 1.81% (±1.81) 1.66% (±1.66) 

7-day fish biomass toxicity test using barramundi Lates 
calcarifer 

0.63% 1.25% 1.7% (1.64-1.80) 0.9% (0.00-1.18) 

72-hr marine algal growth test using Nitzschia 
closterium 

0.63% 1.25% 1.56% (1.41-1.68) 0.73% (0.64-0.81) 

1 EC50 value calculated using the Trimmed Spearman-Karber Method was less than the IC10 value calculated using the Logit 
model. This was due to the sharp dose-response relationship between tested values 1.25% and 2.5%. The logit model 
equivalent IC50 value was higher at 2.22 (1.56-2.47). 
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Salinity control sample results tested on the chronic sea urchin and barramundi indicate salinity 
concentrations between 40-44 ppt resulted in 100% effects, which is directly consistent with the effects 
observed in effluent samples. Similarly, the majority of results from other tests typically show major 
effects observed at these levels, or slightly lower concentrations for some more vulnerable species. 
These results strongly indicate salinity is the primary causative agent of the toxic effects observed. 

 Species Sensitivity Distribution 

ANZECC/ARMCANZZ (2000) guidelines state the minimum toxicity data requirements include at least 
five species that belong to at least four different taxonomic groups for the development of species 
sensitivity distributions (SSD) for input into the Burrlioz 2.0 software. This study involved the use of both 
chronic and acute testing to accumulate into a total of eight test results from six species. However, 
ANZECC/ARMCANZZ (2000) guidelines require the conversion of acute test results to chronic results 
prior to deriving guideline values using the SSD method.  

An effluent-specific ACR of 1:0.75 was derived from the acute and chronic fish imbalance tests 
performed on the barramundi Lates calcarifer species using the IC50 (acute):IC10 (chronic) results. 
These results indicate the effluent has similar acute and chronic toxicity, or that the effects of chronic 
toxicity are not much more sensitive than acute toxicity in natural situations. The ACR was applied to 
the IC50 of 1.75% for the acute Amphipod Melita plumulosa test result to provide a chronic conversion 
estimate of 1.31%. However, this result is higher than the acute IC10 test result of 0.88%. In addition, 
use of the default ACR of 10 from ANZECC/ARMCANZZ (2000) guidelines provides a low-confidence 
estimate of 0.18%, which is well below other chronic results and overly conservative for the SSD. 
Therefore, neither conversion methods of acute to chronic data provide an accurate estimate of chronic 
toxicity for the acute Amphipod Melita plumulosa test result. Given ANZECC/ARMCANZZ (2000) 
guidelines prefer the use of chronic toxicity data, and that the minimum data requirements for SSD are 
met without use of acute toxicity data, the acute test results on the amphipod Melita plumulosa and 
barramundi Lates calcarifer were not used to derive guideline values. 

In accordance with Warne et al. (2018), the lowest IC10 for each species is adopted as the toxicity value 
to represent the sensitivity of species in the SSD calculations. The biomass IC10 result of 0.9% was the 
lowest IC10 value for the barramundi Lates calcarifer species and was therefore applied. This result, 
together with the IC10 for the milky oyster (Saccostrea echinata), sea anemone (Aiptasia pulchella), sea 
urchin (Heliocidaris tuberculata) and microalgae (Nitzschia closterium) were the data entered into 
Burrlioz 2.0 software. All IC10 values used for the SSD are presented in Table 4-1. 

Percentage of species potentially affected by discharge of bittern’s effluent is shown in Figure 4-1. The 
full Burrlioz 2.0 report is provided in Appendix C. 
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Figure 4-1 Burrlioz 2.0 SSD based on the chronic test results from the analysed bitterns effluent and the 95% 

Confidence Interval  

 Species Protection Levels and Dilutions 

Guideline concentrations for a range of species protection levels (80%, 90%, 95% & 99%) are 
statistically derived and presented in Table 4-2. The table includes calculations corresponding to the 
number of dilutions required to achieve the species protection levels in each LEP. The spatial layout of 
the LEP boundaries are presented in Figure 2-1. 

Based on these results, in order to achieve 80% protection of species at the Project site, a bitterns 
concentration of 0.44% should be reached on release from the outfall requiring a dilution of 1:227. In 
line with EPA (2016), an 80% species protection level is acceptable in a Low Level of Environmental 
Protection (LEP) area, which has been allocated as a 70 m radius buffer around the diffuser in the EQP 
for the Project (O2 Marine, 2019d). A Moderate LEP area also lies less than 250 m from the edge of 
infrastructure (O2 Marine, 2019d). This area is afforded a 90% species protection level and indicates a 
bitterns concentration of 0.38% and a dilution of 1:263 must be met at the Low/Moderate LEP boundary. 
The area greater than 250 m from the edge of the infrastructure is afforded a High LEP and 99% species 
protection, indicating a bitterns concentration of 0.24% and a dilution of 1:417 must be met at the 
Moderate/High LEP boundary.  
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Table 4-2 Recommended guideline values (±95%CI) and corresponding dilutions for concentration of the analysed 

bitterns effluent for each species protection level and LEP 

Species Protection 

Level 

LEP Estimated 

dilutions 

Guideline lower 95% 

CI 

upper 95% 

CI 

99% High 417 0.24% 0.20% 0.46% 
95% - - 0.33% 0.28% 0.55% 
90% Moderate 263 0.38% 0.33% 0.60% 
80% Low 227 0.44% 0.38% 0.65% 

 

 QA/QC 

QA/QC protocols and procedures were implemented for all testing undertaken for this study. Prototype 
effluent samples were sent with a Chain of Custody form and were received in apparent good condition. 
All water quality criteria were met throughout testing, all tests were valid according to test validity criteria 
and reference toxicity indicated that responses of all organisms were within the accepted parameters. 
Detailed QA/QC results are provided in Appendix B. 
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5. Conclusions 

The WET testing of prototype bitterns effluent for the Mardie Project was undertaken on a suite of 
representative species for the proposed Project site by ESA, a NATA certified laboratory. The results 
of WET testing were used to create an SSD in accordance with ANZECC/ARMCANZ (2000) guidelines. 
This SSD was used to statistically derive guideline concentrations of bitterns in seawater for different 
levels of species protection. These guideline concentrations were used to predict the number of 
dilutions required to meet the different levels of ecological protection. 

• WET testing was conducted by ESA on six marine organism groups to represent local marine 
indicator species (microalgae, echinoderm, crustacean, cnidarian, mollusc and fish) using 
seven discrete chronic and acute tests. 

• The prototype bitterns effluent was found to be highly saline and toxic to all tested organisms. 
Salinity control seawater samples included in two tests conducted, as well as salinity 
concentrations where major effects occur in other tests, strongly indicate salinity at levels 
between 40-44 ppt is the primary causative agent of the toxic effects observed, although some 
species may be more sensitive at lower concentrations. 

• Milky oyster larvae were found to be the most sensitive species to the bitterns effluent, with 
the barramundi larvae or fish fry/fingerlings the least sensitive in the acute and chronic fish 
imbalance test. However, the microalgae were the only organism tested which did not exhibit 
complete effects observed at the highest concentration tested (5% effluent or 50.9 ppt). 

• Both acute and chronic toxicity tests were conducted on the barramundi Lates calcarifer to 
calculate an ACR of 1:0.75 in accordance with ANZECC/ARMCANZZ (2000) guidelines. The 
ACR result indicates the effluent has a relatively similar acute and chronic toxicity, or that the 
effects of chronic toxicity were not much more sensitive than acute toxicity in natural seawater. 

• This ACR was applied to provide an estimate of chronic toxicity for the acute amphipod Melita 

plumulosa results. However, neither the ACR, nor the default ANZECC/ARMCANZ (2000) 
ACR of 10, provide an accurate estimate of chronic toxicity from these acute results. 

• An SSD was therefore derived using the minimum toxicity data requirements of five species, 
although they belong to five different taxonomic groups, above the minimum requirement of 
four. 

• The SSD derived 80%, 90%, 95% and 99% species protection guideline concentrations for the 
effluent of 0.24%, 0.33%, 0.38% and 0.44%, respectively. 

• These concentrations for 80%, 90%, and 99% species protection limits were estimated to 
require 1:227, 1:263, and 1:417 dilutions, respectively. These dilutions need to be achieved at 
the following locations within the Project area (see Figure 2-1):  

o 227 dilutions in the Low LEP area (<70 m from the outfall) 
o 263 dilutions on the Low/Moderate boundary (70 m from the outfall) 
o 417 dilutions on the Moderate/High LEP boundary (250 m from Project infrastructure). 

The number of dilutions required for the whole effluent is greater than would be required to dilute 
discrete parameters such as pH, zinc and arsenic, which were recorded at concentrations above the 
GV within the effluent, to drop below the GV at the respective LEPs. Therefore, WET testing results 
indicate that potential toxic effects on local marine indicator species are derived predominantly from 
changes in salinity. However, it is unknown whether the responses observed occurred in reaction to a 
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salinity threshold concentration or changes to the ratio of major ions in the effluent, or the contributions 
of both these effects. Nonetheless, results imply that potential toxic effects on local marine indicator 
species could be minimised if the required dilutions can be achieved within LEP boundaries. 
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Appendix A Bitterns Sample Test Results 

Table A1 Physico-chemical bitterns sample results compared against field samples and default ANZECC/ARMCANZ (2000) guideline values 

Analyte Unit LoR 

Bitterns Sample Field Samples 

E
c

o
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y
s

te
m
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q
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a

c
u

lt
u

re
 

R
e

c
re

a
ti

o
n

 

Jan 19 Mar 19 

pH  pH Units - 7.2 - - 8.0-8.4 6-9 6.5-8.5  
Electrical Conductivity (EC) μS/cm 1 170,000 75000 64000 - - - 

Total Dissolved Solids (grav) mg/L 5 420,000 - - - 33,000-37,000 1,000,000 

Specific Gravity* g/mL - 1.25 1.029 1.029 - - - 

 

Table A2 Ionic Balance (and proportional composition from elements tested)  

Analyte Unit LoR 

Bitterns Sample Field Samples 

E
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o
s

y
s
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u
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u

re
 

R
e

c
re
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o
n

 

Jan 19 Mar 19 

Calcium mg/L 0.5 230 (<0.1%) 460 (1.1%) 440 (1.1%) - - - 
Potassium mg/L 0.5 12000 (3.4%) 430 (1.1%) 410 (1.0%) - - - 
Magnesium mg/L 0.5 38000 (10.7%) 1500 (3.7%) 1400 (3.5%) - - - 
Sodium mg/L 0.5 69000 (19.3%) 13000 (31.9%) 12000 (30.4%) - - 300,000 
Bicarbonate Alkalinity as CaCO3 mg/L 5 820 (0.3%) 130 (0.3%) 120 (0.3%) - - - 
Carbonate Alkalinity as CaCO3 mg/L 5 <5 (<0.1%) <5 (<0.1%) <5 (<0.1%) - - - 
Hydroxide Alkalinity as CaCO3 mg/L 5 <5 (<0.1%) <5 (<0.1%) <5 (<0.1%) - - - 
Total Alkalinity as CaCO3 mg/L 5 820 (0.2%) 130 (0.3%) 120 (0.3%) - 20,000 - 
Chloride mg/L 1 180000 (50.4%) 22000 (54.0%) 22000 (55.7%) - - 400,000 

Sulphate mg/L 1 56000 (15.7%) 3100 (7.6%) 3000 (7.6%) - - 400,000 

Ionic Balance % - 2.2 1.6 0.32 - - - 
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Analyte Unit LoR 

Bitterns Sample Field Samples 

E
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Jan 19 Mar 19 

Total Hardness as CaCO3 mg/L 3 160000 7300 7000 - - 500,000 
 

Table A3 Metals and Metalloids 

Analyte Unit LoR 

Bitterns 

Sample 

Field Sample Ecosystem Health 

A
q

u
a

c
u
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re
 

R
e

c
re

a
ti

o
n

 

Jan 19 Mar 19 99% 95% 90% 80% 

Arsenic µg/L 1 12 2 <2 2.3 (III)1 4.5 (V)1 - - 30 50 

Cadmium µg/L 0.1 <0.5 <0.2 <0.2 0.7 5.5 14 36 <0.5-5 50 

Chromium µg/L 1 <5 <2 <2 7.7 (III)/ 0.14 (VI) 27.4(III)/ 4.4 (VI) 48.6 (III)/ 20 (VI) 90.6 (III)/ 85 (VI) <20 50 

Copper µg/L 1 <5 <2 <2 0.3 1.3 3 8 <5 1,000 

Lead µg/L 1 <5 <2 <2 2.2 4.4 6.6 12 <1-7 50 

Mercury µg/L 0.05 <0.05 <0.05 <0.05 0.1 0.4 0.7 1.4 <1 1 

Nickel µg/L 1 <5 <2 <2 7 70 200 560 <100 <100 

Zinc µg/L 1 18 3 3 7 15 23 43 <5 5,000 
1 Low reliability guideline value to be used as an indicative interim working level 
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Appendix B EcoToxicity Laboratory Report on Bitterns Effluent 



 

 
 
 
 
 
 
 
Toxicity Assessment of a Bitterns 
Brine Sample 
 
O2 Marine 

 
Test Report 

 
Updated 8 May 2019 

 



 
 
 
 
 

 
Toxicity Test Report: TR1667/1     (Page 1 of 2) 

 

  
 
 
Accredited for compliance with ISO/IEC 17025 - Testing 
 

Client: O2 Marine ESA Job #: PR 1667 
 11 Mews Rd Date Sampled: 28 February 2019 
 Fremantle WA 6160 Date Received: 1 March 2019 
Attention: Chris Lane Sampled By: Client 
Client Ref: Not Supplied ESA Quote #: PL1667_q01 

 
Lab ID No.: Sample Name: Sample Description: 

8964 Bitterns 
 

Aqueous sample, pH* 7.2, salinity 325 ‰*, total ammonia <2.0mg/L*. 
Sample received at 13ºC* in apparent good condition. 

*NATA accreditation does not cover the performance of this service 
 

Test Performed: 48-hr larval development test using the Milky oyster Saccostrea 
echinata. 

Test Protocol: ESA SOP 106 (ESA 2016), based on APHA (1998) and Krassoi (1995) 
Test Temperature: The test was performed at 25±1°C. 
Deviations from Protocol: Nil 
Comments on Solution 
Preparation: 

The sample was serially diluted with filtered seawater (FSW) to achieve 
the test concentrations. Owing to the hypersaline nature of the sample, 
the highest concentration tested was 5%, with a corresponding salinity 
of 50.9‰. A FSW control was tested concurrently with the sample.  

Source of Test Organisms: Farm-reared, Mackay QLD. 
Test Initiated: 23 March 2019 at 1530h 

 
Sample 8964: Bitterns Vacant Vacant 

Concentration 
(%) 

% Normal 
larvae   

 (Mean  SD) 

    

FSW Control  70.5  2.1     
 0.16  71.5  1.7      
 0.31  75.0  1.8     
 0.63  48.3  8.9*     
 1.25  0.0  0.0     
 2.5  0.0  0.0     
 5.0  0.0  0.0     
   
48-hr IC10 = 0.41 (0.37-0.46)% 
48-hr EC50 = 0.70 (0.68-0.73)%  
NOEC = 0.31% 
LOEC = 0.63% 

  

*Significantly lower percentage of normally developed larvae when compared with the FSW Control (Steel’s Many-one 
Rank Test, 1-tailed, P=0.05) 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 
Toxicity Test Report: TR1667/1     (Page 2 of 2) 

 

 
QA/QC Parameter Criterion This Test Criterion met? 

FSW Control mean % normal ≥70% 70.5% Yes 
Reference Toxicant within cusum chart limits 12.4-18.6µg Cu/L 15.6µg Cu/L Yes 

Test Report Authorised by:  Dr Rick Krassoi, Director on 8 May 2019 
 
 
 
 
 
 
 
Results are based on the samples in the condition as received by ESA. 

NATA Accredited Laboratory Number:  14709 

This document shall not be reproduced except in full. 
 
 
Citations: 

 
APHA (1998) Standard Methods for the Examination of Water and Wastewater. 20th Ed. American Public 

Health Association, American Water Works Association and the Water Environment Federation, 
Washington, DC. 

 
ESA (2016) SOP 106 – Bivalve Larval Development Test. Issue No. 15. Ecotox Services Australasia, Sydney, 

NSW. 
 
Krassoi, R (1995) Salinity adjustment of effluents for use with marine bioassays: effects on the larvae of the 

doughboy scallop Chlamys asperrimus and the Sydney rock oyster Saccostrea commercialis. Australasian 
Journal of Ecotoxicology, 1: 143-148. 
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Tested in compliance with ISO/IEC 17025 - Testing 
 

Client: O2 Marine ESA Job #: PR 1667 
 11 Mews Rd Date Sampled: 28 February 2019 
 Fremantle WA 6160 Date Received: 1 March 2019 
Attention: Chris Lane Sampled By: Client 
Client Ref: Not Supplied ESA Quote #: PL1667_q01 

 
Lab ID No.: Sample Name: Sample Description: 

8964 Bitterns 
 

Aqueous sample, pH 7.2, salinity 325 ‰, total ammonia <2.0mg/L. 
Sample received at 13ºC in apparent good condition. 

 
Test Performed: 96-hr acute toxicity test using the amphipod Melita plumulosa 
Test Protocol: ESA SOP 108 (ESA 2017), based on USEPA (2002) and Department 

of Transport and Communications (1990) 
Test Temperature: The test was performed at 20±1°C. 
Deviations from Protocol: Nil 
Comments on Solution 
Preparation: 

The sample was serially diluted with filtered seawater (FSW) to achieve 
the test concentrations. Owing to the hypersaline nature of the sample, 
the highest concentration tested was 5%, with a corresponding salinity 
of 50.9‰. A FSW control was tested concurrently with the sample.  

Source of Test Organisms: In-house culture, originally sourced from Hawkesbury River, NSW 
Test Initiated: 23 March 2019 at 1800h 

 
Sample 8964: Bitterns Vacant Vacant 

Concentration 
(%) 

% Unaffected 

 (Mean  SD) 
    

FSW Control  100  0.0     
 0.16  100  0.0      
 0.31  100  0.0     
 0.63  95.0  10.0     
 1.25  75.0  10.0*     
 2.5  30.0  11.6*     
 5.0  0.0  0.0     
   
96-hr EC10 = 0.88 (0.57-1.12)% 
96-hr EC50 = 1.75 (1.42-2.16)%  
NOEC = 0.63% 
LOEC = 1.25% 

  

*Significantly lower percent unaffected compared with the FSW Control (Steel’s Many-One Rank Test, 1-tailed, P=0.05) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
Toxicity Test Report: TR1667/2     (Page 2 of 2) 

 

 
QA/QC Parameter Criterion This Test Criterion met? 

Control mean % unaffected ≥90.0% 100% Yes 
Reference Toxicant within cusum chart limits 74.7-450.3µg Cu/L 211.1µg Cu/L Yes 

 

Test Report Authorised by:  Dr Rick Krassoi, Director on 8 May 2019 
 
 
Results are based on the samples in the condition as received by ESA. 
This document shall not be reproduced except in full. 
 
 
Citations: 

 
Department of Transport and Communications (1990) Guidelines for Acceptance of Oil Spill Dispersants in 

Australian Waters. Pollution Prevention Section, Department of Transport and Communications, Canberra 
ACT. 

 
ESA (2017) SOP 108 – Amphipod Acute Toxicity Test. Issue No 10. Ecotox Services Australasia, Sydney, 

NSW.  
 
USEPA (2002) Methods for measuring the acute toxicity of effluents and receiving waters to freshwater and 

marine organisms. Fifth Edition. United States Environmental Protection Agency, Office of Research and 
Development, Washington DC, EPA/600/4-90/027F. 
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Tested in compliance with ISO/IEC 17025 - Testing 
 

Client: O2 Marine ESA Job #: PR 1667 
 11 Mews Rd Date Sampled: 28 February 2019 
 Fremantle WA 6160 Date Received: 1 March 2019 
Attention: Chris Lane Sampled By: Client 
Client Ref: Not Supplied ESA Quote #: PL1667_q01 

 
Lab ID No.: Sample Name: Sample Description: 

8964 Bitterns 
 

Aqueous sample, pH 7.2, salinity 325 ‰, total ammonia <2.0mg/L. 
Sample received at 13ºC in apparent good condition. 

 
Test Performed: 8-day Sea anemone pedal lacerate development test using Aiptasia 

pulchella 
Test Protocol: ESA SOP 128 (ESA 2014), based on Howe et al (2014) 
Test Temperature: The test was performed at 25±1°C. 
Deviations from Protocol: Nil 
Comments on Solution 
Preparation: 

The sample was serially diluted with filtered seawater (FSW) to achieve 
the test concentrations. Owing to the hypersaline nature of the sample, 
the highest concentration tested was 5%, with a corresponding salinity 
of 50.9‰. A FSW control was tested concurrently with the sample.  

Source of Test Organisms: In-house culture, originally sourced from Marine Ecology Research 
Centre at Southern Cross University, Lismore, NSW 

Test Initiated: 23 March 2019 at 1630h 
 

Sample 8964: Bitterns Vacant Vacant 

Concentration 
(%) 

% Unaffected 

 (Mean  SD) 
    

FSW Control  90.0  11.6     
 0.16  90.0  11.6      
 0.31  85.0  10.0     
 0.63  55.0  19.2*     
 1.25  5.0  10.0*     
 2.5  0.0  0.0     
 5.0  0.0  0.0     
   
8-d EC10 = 0.43 (0.17-0.57)% 
8-d EC50 = 0.70 (0.49-0.86)%  
NOEC = 0.31% 
LOEC = 0.63% 

  

*Significantly lower percent normally developed juveniles compared with the FSW Control (Steel’s Many-One Rank Test, 
1-tailed, P=0.05) 
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QA/QC Parameter Criterion This Test Criterion met? 

Control mean % unaffected ≥90.0% 90.0% Yes 
Reference Toxicant within cusum chart limits 8.4-24.6µg Cu/L 14.1µg Cu/L Yes 

 

Test Report Authorised by:  Dr Rick Krassoi, Director on 8 May 2019 
 
 
Results are based on the samples in the condition as received by ESA.This document shall not be 
reproduced except in full. 
 
 
Citations: 

 
 
ESA (2014) SOP 128 – Sea Anemone Pedal Lacerate Development Toxicity Test. Issue No 1. Ecotox Services 

Australasia, Sydney, NSW.  
 
Howe, Pelli L., Reichelt-Brushett, Amanda J. and Clark, Malcolm W (2014) Development of a chronic, early 

life-stage sub-lethal toxicity test and recovery assessment for the tropical zooxanthellate sea anemone 
Aiptasia pulchella.  Ecotoxicology and Environmental Safety 100: 138-147. 
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Tested in compliance with ISO/IEC 17025 - Testing 
 

Client: O2 Marine ESA Job #: PR 1667 
 11 Mews Rd Date Sampled: 28 February 2019 
 Fremantle WA 6160 Date Received: 1 March 2019 
Attention: Chris Lane Sampled By: Client 
Client Ref: Not Supplied ESA Quote #: PL1667_q01 

 
Lab ID No.: Sample Name: Sample Description: 

8964 Bitterns 
 

Aqueous sample, pH 7.2, salinity 325 ‰, total ammonia <2.0mg/L. 
Sample received at 13ºC in apparent good condition. 

 
Test Performed: 96-hr fish imbalance toxicity test using barramundi Lates calcarifer  
Test Protocol: ESA SOP 117 (ESA 2017), based on USEPA (2002) 
Test Temperature: The test was performed at 25±2°C. 
Deviations from Protocol: Nil 
Comments on Solution 
Preparation: 

The sample was serially diluted with filtered seawater (FSW) to achieve 
the test concentrations. Owing to the hypersaline nature of the sample, 
the highest concentration tested was 5%, with a corresponding salinity 
of 50.9‰. A FSW control was tested concurrently with the sample.  

Source of Test Organisms: Hatchery reared, SA 
Test Initiated: 23 March 2019 at 1730 

 
Sample 8964: Bitterns Vacant Vacant 

Concentration 
(%) 

% Unaffected 

 (Mean  SD) 
    

FSW Control  100  0.0     
 0.16  100  0.0      
 0.31  100  0.0     
 0.63  100  0.0     
 1.25  100  0.0     
 2.5  10.0  20.0*     
 5.0  0.0  0.0     
   
96-h IC10 = 1.95 (1.49-2.13)% 
96-h IC50 = 2.22 (1.56-2.47)% 

  

96-h EC50 = 1.89 (1.73-2.08)%  
NOEC = 1.25% 
LOEC = 2.5% 

  

*Significantly lower percentage of unaffected larval fish compared with the FSW Control (Steel’s Many-one Rank Test, 1-
tailed, P=0.05) 
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QA/QC Parameter Criterion This Test Criterion met? 

Control mean % unaffected ≥80.0% 100% Yes 
Reference Toxicant within cusum chart limits 6.0-47.1mg NH4+/L mg 14.0NH4+/L Yes 

 

Test Report Authorised by:  Dr Rick Krassoi, Director on 8 May 2019 
 
 
Results are based on the samples in the condition as received by ESA. 
This document shall not be reproduced except in full. 
 
 
Citations: 

 
ESA (2017) SOP 117 –Freshwater and Marine Fish Imbalance Test. Issue No 6. Ecotox Services Australasia, 

Sydney, NSW 
 
USEPA (2002) Methods for measuring the acute toxicity of effluents and receiving waters to freshwater and 

marine organisms. Fifth edition EPA-821-R-02-012. United States Environmental Protection Agency, Office 
of Research and Development, Washington FC, USA 

 
 

 



 
 
 
 
 
 
Toxicity Test Report: TR1667/5     (Page 1 of 2) 

 

  
 
 
Tested in compliance with ISO/IEC 17025 - Testing 
 

Client: O2 Marine ESA Job #: PR 1667 
 11 Mews Rd Date Sampled: 28 February 2019 
 Fremantle WA 6160 Date Received: 1 March 2019 
Attention: Chris Lane Sampled By: Client 
Client Ref: Not Supplied ESA Quote #: PL1667_q01 

 
Lab ID No.: Sample Name: Sample Description: 

8964 Bitterns 
 

Aqueous sample, pH 7.2, salinity 325 ‰, total ammonia <2.0mg/L. 
Sample received at 13ºC in apparent good condition. 

 
Test Performed: 72-hr marine algal growth test using Nitzschia closterium  
Test Protocol: ESA SOP 110 (ESA 2016), based on Stauber et al. (1994) 
Test Temperature: The test was performed at 21±1°C. 
Deviations from Protocol: Nil 
Comments on Solution 
Preparation: 

The sample was serially diluted with filtered seawater (FSW) to achieve 
the test concentrations. Owing to the hypersaline nature of the sample, 
the highest concentration tested was 5%, with a corresponding salinity 
of 50.9‰. A FSW control was tested concurrently with the sample.  

Source of Test Organisms: In-house culture, originally sourced from CSIRO Microalgae Supply 
Service, TAS 

Test Initiated: 23 March 2019 at 1500 
 

Sample 8964: Bitterns Vacant Vacant 

Concentration 
(%) 

Cell Yield 
(Mean number 

of cells/mL 

x104  SD) 

    

FSW Control  27.2  1.4     
 0.16  28.2  1.5      
 0.31  27.3  0.7     
 0.63  26.7  0.8     
 1.25  16.1  0.7*     
 2.5  7.1   0.8*     
 5.0  5.8  0.7*     
   
72-h IC10 = 0.73 (0.64-0.81)% 
72-h IC50 = 1.56 (1.41-1.68)%  
NOEC = 0.63% 
LOEC = 1.25% 

  

*Significantly lower cell yield compared with the FSW Control (Dunnett’s Test, 1-tailed, P=0.05) 
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QA/QC Parameter Criterion This Test Criterion met? 

Control mean cell density ≥16.0x104 cells/mL 27.2x104 cells/mL Yes 
Control coefficient of variation  <20% 5.0% Yes 
Reference Toxicant within cusum chart limits 2.56-8.36µg Cu/L 4.84µg Cu/L Yes 

 

Test Report Authorised by:  Dr Rick Krassoi, Director on 8 May 2019 
 
 
Results are based on the samples in the condition as received by ESA. 
This document shall not be reproduced except in full. 
 
 
Citations: 

 
ESA (2016) SOP 110 – Marine Algal Growth Test. Issue No. 12. Ecotox Services Australasia, Sydney NSW 
 
Stauber, J.L., Tsai, J., Vaughan, G.T., Peterson, S.M. and Brockbank, C.I. (1994) Algae as indicators of toxicity 

of the effluent from bleached eucalypt kraft pulp mills. National Pulp Mills Research Program, Technical 
Report No. 3. CSIRO, Canberra, ACT 
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Accredited for compliance with ISO/IEC 17025 - Testing 
 

Client: O2 Marine ESA Job #: PR 1667 
 11 Mews Rd Date Sampled: 28 February 2019 
 Fremantle WA 6160 Date Received: 1 March 2019 
Attention: Chris Lane Sampled By: Client 
Client Ref: Not Supplied ESA Quote #: PL1667_q01 

 
Lab ID No.: Sample Name: Sample Description: 

8964 Bitterns 
 

Aqueous sample, pH* 7.2, salinity 325 ‰*, total ammonia <2.0mg/L*. 
Sample received at 13ºC* in apparent good condition. 

*NATA accreditation does not cover the performance of this service 
 

Test Performed: 72-hr sea urchin larval development test using Heliocidaris tuberculata 
Test Protocol: ESA SOP 105 (ESA 2016), based on APHA (1998), Simon and 

Laginestra (1996) and Doyle et al. (2003) 
Test Temperature: The test was performed at 20±1°C. 
Deviations from Protocol: Nil 
Comments on Solution 
Preparation: 

The sample was serially diluted with filtered seawater (FSW) to achieve 
the test concentrations. Owing to the hypersaline nature of the sample, 
the highest concentration tested was 5%, with a corresponding salinity 
of 50.9‰. Matched salinity controls at 38, 40, 44 and 50‰ were 
prepared by adding USEPA GP-2 salts to FSW. A FSW control was 
tested concurrently with the sample.  

Source of Test Organisms: Farm-reared, Mackay QLD. 
Test Initiated: 16 April 2019 at 1630h 

 
Sample 8964: Bitterns Salinity Controls Vacant 

Concentration 
(%) 

% Normal 
larvae   

 (Mean  SD) 

Concentration 
(%) 

% Normal 
larvae   

 (Mean  SD) 

  

FSW Control  96.5  1.3 FSW Control  96.5  1.3   
 0.16  95.8  1.7  38‰ Control  96.8  1.5   
 0.31  96.5  1.3 40‰ Control  3.8  3.3 **   
 0.63  81.5  8.6* 44‰ Control  0.0  0.0   
 1.25  0.0  0.0 50‰ Control  0.0  0.0   
 2.5  0.0  0.0     
 5.0  0.0  0.0     
   
72-hr IC10 = 0.55 (0.47-0.69)% 
72-hr EC50 = 0.80 (0.78-0.82)%  
NOEC = 0.31% 
LOEC = 0.63% 

  

*Significantly lower percentage of normally developed larvae when compared with the FSW Control (Dunnet’s Test, 1-
tailed, P=0.05) 
**Significantly lower percentage of normally developed larvae when compared with the FSW Control (Heteroscedastic t-
Test, 1-tailed, P=0.05) 
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QA/QC Parameter Criterion This Test Criterion met? 

Control mean % normal larvae ≥70.0% 96.5 % Yes 
Reference Toxicant within cusum chart limits 9.6-15.2 µg Cu/L 11.3 µg Cu/L Yes 

 

Test Report Authorised by:  Dr Rick Krassoi, Director on 8 May 2019 
 
 
Results are based on the samples in the condition as received by ESA. 

NATA Accredited Laboratory Number:  14709 

This document shall not be reproduced except in full. 
. 
 
 
Citations: 

 
APHA (1998) Method 8810 D. Echinoderm Embryo Development Test. In Standard Methods for the 

Examination of Water and Wastewater, 20th Ed. American Public Health Association, American Water 
Works Association and the Water Environment Federation, USA. 

 
Doyle, C.J., Pablo, F., Lim, R.P. and Hyne, R.V. (2003) Assessment of metal toxicity in sediment pore water 

from Lake Macquarie, Australia. Arch. Environ. Contam. Toxicology, 44(3): 343-350. 
 
ESA (2016) ESA SOP 105 - Sea Urchin Larval Development Test. Issue No. 11. Ecotox Services 

Australasia, Sydney NSW. 
 
Simon, J. and Laginestra, E.(1997) Bioassay for testing sublethal toxicity in effluents, using gametes of sea 

urchin Heliocidaris tuberculata. National Pulp Mills Research Program Technical Report No. 20. CSIRO, 
Canberra, ACT. 
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Accredited for compliance with ISO/IEC 17025 - Testing 
 

Client: O2 Marine ESA Job #: PR 1667 
 11 Mews Rd Date Sampled: 28 February 2019 
 Fremantle WA 6160 Date Received: 1 March 2019 
Attention: Chris Lane Sampled By: Client 
Client Ref: Not Supplied ESA Quote #: PL1667_q01 

 
Lab ID No.: Sample Name: Sample Description: 

8964 Bitterns 
 

Aqueous sample, pH* 7.2, salinity 325 ‰*, total ammonia <2.0mg/L*. 
Sample received at 13ºC* in apparent good condition. 

*NATA accreditation does not cover the performance of this service 
 

Test Performed: 7-day fish imbalance and biomass toxicity test using barramundi Lates 
calcarifer  

Test Protocol: ESA SOP 122 (ESA 2017), based on USEPA (2002) 
Test Temperature: The test was performed at 25±2°C. 
Deviations from Protocol: Nil 
Comments on Solution 
Preparation: 

The sample was serially diluted with filtered seawater (FSW) to achieve 
the test concentrations. Owing to the hypersaline nature of the sample, 
the highest concentration tested was 5%, with a corresponding salinity 
of 50.9‰. Matched salinity controls at 38, 40, 44 and 50‰ were 
prepared by adding USEPA GP-2 salts to FSW. A FSW control was 
tested concurrently with the sample.  

Source of Test Organisms: Hatchery reared, SA 
Test Initiated: 16 April 2019 at 1730h 

 
Sample 8964: Bitterns Sample 8964: Bitterns 

Concentration 
(%) 

% Unaffected  

 (Mean  SD) 
Concentration 

(%) 
Biomass, mg 

 (Mean  SD) 
FSW Control  100  0.0 FSW Control  16.0   1.6 

0.16  100  0.0 0.16  15.6  1.4 
0.31  100  0.0 0.31  15.3  1.1 
0.63  100  0.0 0.63  15.9   0.5 
1.25  100  0.0 1.25  13.0   0.4 * 
2.5  0.0  0.0 2.5  0.0  0.0 
5  0.0  0.0  5  0.0  0.0  

  
7 day IC10 (unaffected) = 1.66 (1.66-1.66)% 
7 day IC50 (unaffected) = 1.81 (1.81-1.81)% 
NOEC = 1.25% 
LOEC = 2.5% 

7 day IC10 (biomass) = 0.9 (0.00-1.18)% 
7 day IC50 (biomass) = 1.7 (1.64-1.80)% 
NOEC = 0.63% 
LOEC = 1.25% 

**Significantly lower biomass (as dry weight) compared with the FSW Control (Dunnett’s Test, 1-tailed, P=0.05) 
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Salinity Controls Salinity Controls 

Sample % Unaffected  

 (Mean  SD) 
Sample Biomass, mg 

 (Mean  SD) 
FSW Control 100   0.0 FSW Control 16.0   1.6 
38‰ Control 100  0.0 38‰ Control 15.7  0.5 
40‰ Control 100  0.0 40‰ Control 13.5  0.9* 
44‰ Control           0.0     0.0  44‰ Control           0.0     0.0  
50‰ Control   0.0     0.0 50‰ Control   0.0     0.0 

  

*Significantly lower biomass (as dry weight) compared with the FSW Control (Heteroscedastic t-Test, 1-tailed, P=0.05) 
 

QA/QC Parameter Criterion This Test Criterion met? 

Control mean % unaffected >80.0% 100 % Yes 
Control mean growth >20% of initial weight 24.1% Yes 
Reference Toxicant within cusum chart limits 4.3-131.6 mg NH4+/L 49.3 mg NH4+/L Yes 

 
 
 

Test Report Authorised by:  Dr Rick Krassoi, Director on 8 May 2019 
 
 
Results are based on the samples in the condition as received by ESA. 
This document shall not be reproduced except in full. 
 
 
Citations: 

 
ESA (2017) SOP 117 –Freshwater and Marine Fish Imbalance Test. Issue No 6. Ecotox Services Australasia, 

Sydney, NSW 
 
USEPA (2002) Methods for measuring the acute toxicity of effluents and receiving waters to freshwater and 

marine organisms. Fifth edition EPA-821-R-02-012. United States Environmental Protection Agency, Office 
of Research and Development, Washington FC, USA 
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Datasheet ID: 601.2

Last Revised:  21 September 2018

Sample Receipt Notification

Attention      : Chris Lane

Client          : O2 Marine

Email : chris.lane@o2marine.com.au
Telephone : 1300 739 447
Facsimile :

Date     : 4/03/2019

Re               : Pages : 2
FALSE

ESA Project  : PR1667

Sample Delivery Details

Completed Chain of Custody accompanied samples: YES

YES

Security seals on sample bottles and esky intact: YES

Date samples received : 1/03/2019
Time samples received : 11:45
No. of samples received : 1

: Aqueous
: 11-15°C

Comments :

Contact Details

Dr Rick Krassoi
Telephone :
Facsimile :
Email :

Please contact customer services officer for all queries or issues regarding samples

Ecotox Services Australia

ABN 95619426201 Phone : 61 2 9420 9481
Unit 27, 2 Chaplin Drive Fax :       61 2 9420 9484
Lane Cove NSW 2066 Australia Email :   info@ecotox.com.au

Suite 5, 5/18 Griffin Drive
Dunsborough  WA  6281

Note that the chain-of-custody provides definitive information on the tests to be performed

Receipt of Samples

Samples received in apparent good condition and correctly bottled: 

Projects Manager :

rkrassoi@ecotox.com.au

  61 2 9420 9481

Sample temperature

Sample matrix

  61 2 9420 9484

2 x 5L of sample received at 13oC in apparent good condition

For Review Additional Documentation Required - Please Respond





   

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Statistical Printouts for the Milky 
Oyster Larval Development Tests 
 
 

 



Bivalve Larval Development Test-Proportion Normal
Start Date: 12/03/2019 15:30 Test ID: PR1667/01 Sample ID: Bitterns
End Date: 14/03/2019 15:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 106 Test Species: SE-Saccostrea echinata
Comments:  

Conc-% 1 2 3 4
FSW-Control 0.7100 0.7300 0.7000 0.6800

0.16 0.7100 0.7400 0.7000 0.7100
0.31 0.7600 0.7300 0.7400 0.7700
0.63 0.3600 0.4900 0.5100 0.5700
1.25 0.0000 0.0000 0.0000 0.0000
2.5 0.0000 0.0000 0.0000 0.0000

5 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number

FSW-Control 0.7050 1.0000 0.9968 0.9695 1.0244 2.291 4 118 400
0.16 0.7150 1.0142 1.0078 0.9912 1.0357 1.918 4 20.50 10.00 114 400
0.31 0.7500 1.0638 1.0474 1.0244 1.0706 2.014 4 25.50 10.00 100 400

*0.63 0.4825 0.6844 0.7675 0.6435 0.8556 11.650 4 10.00 10.00 207 400
1.25 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 400 400
2.5 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 400 400

5 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 400 400

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.853609 0.887 -1.11516 4.857475
Bartlett's Test indicates equal variances (p = 0.02) 9.892465 11.34487
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 0.31 0.63 0.441928 322.5806
Treatments vs FSW-Control

Trimmed Spearman-Karber
Trim Level EC50 95% CL

0.0% 0.7036 0.6808 0.7271
5.0% 0.7121 0.6864 0.7388

10.0% 0.7205 0.6905 0.7518
20.0% 0.7359 0.6914 0.7833

Auto-0.0% 0.7036 0.6808 0.7271
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Bivalve Larval Development Test-Proportion Normal
Start Date: 12/03/2019 15:30 Test ID: PR1667/01 Sample ID: Bitterns
End Date: 14/03/2019 15:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 106 Test Species: SE-Saccostrea echinata
Comments:  

Dose-Response Plot

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
F

S
W

-C
o

nt
ro

l

0.
16

0.
31

*0
.6

3

1.
25 2.
5 5

P
ro

p
o

rt
io

n
 N

o
rm

a
l

Page 2 ToxCalc v5.0.23 Reviewed by:_____



Bivalve Larval Development Test-Proportion Normal
Start Date: 12/03/2019 15:30 Test ID: PR1667/01 Sample ID: Bitterns
End Date: 14/03/2019 15:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 106 Test Species: SE-Saccostrea echinata
Comments:  

Auxiliary Data Summary
Conc-%      Parameter Mean Min Max SD CV% N

FSW-Control      % Normal 70.50 68.00 73.00 2.08 2.05 4
0.16 71.50 70.00 74.00 1.73 1.84 4
0.31 75.00 73.00 77.00 1.83 1.80 4
0.63 48.25 36.00 57.00 8.85 6.16 4
1.25 0.00 0.00 0.00 0.00 4
2.5 0.00 0.00 0.00 0.00 4

5 0.00 0.00 0.00 0.00 4
FSW-Control      pH 8.10 8.10 8.10 0.00 0.00 1

0.16 8.10 8.10 8.10 0.00 0.00 1
0.31 8.10 8.10 8.10 0.00 0.00 1
0.63 8.10 8.10 8.10 0.00 0.00 1
1.25 8.10 8.10 8.10 0.00 0.00 1
2.5 8.10 8.10 8.10 0.00 0.00 1

5 8.00 8.00 8.00 0.00 0.00 1
FSW-Control      Salinity ppt 35.60 35.60 35.60 0.00 0.00 1

0.16 37.40 37.40 37.40 0.00 0.00 1
0.31 37.90 37.90 37.90 0.00 0.00 1
0.63 38.90 38.90 38.90 0.00 0.00 1
1.25 40.60 40.60 40.60 0.00 0.00 1
2.5 43.90 43.90 43.90 0.00 0.00 1

5 50.90 50.90 50.90 0.00 0.00 1
FSW-Control      DO % 99.60 99.60 99.60 0.00 0.00 1

0.16 98.90 98.90 98.90 0.00 0.00 1
0.31 98.70 98.70 98.70 0.00 0.00 1
0.63 99.40 99.40 99.40 0.00 0.00 1
1.25 98.70 98.70 98.70 0.00 0.00 1
2.5 99.60 99.60 99.60 0.00 0.00 1

5 98.50 98.50 98.50 0.00 0.00 1
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Bivalve Larval Development Test-Proportion Normal
Start Date: 12/03/2019 15:30 Test ID: PR1667/01 Sample ID: Bitterns
End Date: 14/03/2019 15:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 106 Test Species: SE-Saccostrea echinata
Comments:  

Conc-% 1 2 3 4
FSW-Control 0.7100 0.7300 0.7000 0.6800

0.16 0.7100 0.7400 0.7000 0.7100
0.31 0.7600 0.7300 0.7400 0.7700
0.63 0.3600 0.4900 0.5100 0.5700
1.25 0.0000 0.0000 0.0000 0.0000
2.5 0.0000 0.0000 0.0000 0.0000

5 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Mean N-Mean

FSW-Control 0.7050 1.0000 0.9968 0.9695 1.0244 2.291 4 0.7233 1.0000
0.16 0.7150 1.0142 1.0078 0.9912 1.0357 1.918 4 0.7233 1.0000
0.31 0.7500 1.0638 1.0474 1.0244 1.0706 2.014 4 0.7233 1.0000
0.63 0.4825 0.6844 0.7675 0.6435 0.8556 11.650 4 0.4825 0.6671
1.25 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 0.0000 0.0000
2.5 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 0.0000 0.0000

5 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 0.0000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.853609 0.887 -1.11516 4.857475
Bartlett's Test indicates equal variances (p = 0.02) 9.892465 11.34487

Log-Logit Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 0.3593 0.0080 0.3383 0.3875 0.4769
IC10 0.4072 0.0161 0.3652 0.4641 0.5009
IC15 0.4544 0.0243 0.3911 0.5407 0.5235
IC20 0.5015 0.0329 0.4165 0.6183 0.5451
IC25 0.5490 0.0389 0.4416 0.6809 0.1421
IC40 0.6413 0.0162 0.5525 0.6649 -2.5885
IC50 0.6589 0.0091 0.6247 0.6820 -0.6553
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Bivalve Larval Development Test-Proportion Normal
Start Date: 12/03/2019 15:30 Test ID: PR1667/01 Sample ID: Bitterns
End Date: 14/03/2019 15:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 106 Test Species: SE-Saccostrea echinata
Comments:  

Dose-Response Plot
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Statistical Printouts for the 
Amphipod Melita plumulosa 
Toxicity Tests 
 
 

 



Amphipod Acute Toxicity Test-96hr % Unaffected
Start Date: 12/03/2019 16:00 Test ID: PR1667/03 Sample ID: Bitterns
End Date: 16/03/2019 16:00 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 108 Test Species: ML-Melita Plumulosa
Comments:  

Conc-% 1 2 3 4
FSW-Control 1.0000 1.0000 1.0000 1.0000

0.16 1.0000 1.0000 1.0000 1.0000
0.31 1.0000 1.0000 1.0000 1.0000
0.63 1.0000 1.0000 0.8000 1.0000
1.25 0.8000 0.8000 0.8000 0.6000
2.5 0.4000 0.2000 0.4000 0.2000

5 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number

FSW-Control 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 0 20
0.16 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
0.31 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
0.63 0.9500 0.9500 1.2857 1.1071 1.3453 9.261 4 16.00 10.00 1 20

*1.25 0.7500 0.7500 1.0519 0.8861 1.1071 10.508 4 10.00 10.00 5 20
*2.5 0.3000 0.3000 0.5742 0.4636 0.6847 22.229 4 10.00 10.00 14 20

5 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 20 20

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.834697 0.916 -1.04071 1.002143
Equality of variance cannot be confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 0.63 1.25 0.887412 158.7302
Treatments vs FSW-Control

Maximum Likelihood-Probit
Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 4.27035 0.743627 2.812842 5.727858 0 1.092511 9.487729 0.9 0.242489 0.234173 3
Intercept 3.964489 0.258738 3.457362 4.471615
TSCR
Point Probits % 95% Fiducial Limits
EC01 2.674 0.498564 0.250211 0.715562
EC05 3.355 0.71996 0.430072 0.95647
EC10 3.718 0.875758 0.571012 1.122414
EC15 3.964 0.999503 0.688852 1.254899
EC20 4.158 1.110207 0.797183 1.375454
EC25 4.326 1.214903 0.900996 1.492371
EC40 4.747 1.52462 1.206072 1.864118
EC50 5.000 1.747788 1.415519 2.163862
EC60 5.253 2.003621 1.640008 2.544474
EC75 5.674 2.514408 2.043521 3.414379
EC80 5.842 2.751525 2.215743 3.861601
EC85 6.036 3.05628 2.427146 4.471574
EC90 6.282 3.488134 2.712147 5.397336
EC95 6.645 4.242957 3.181006 7.169912
EC99 7.326 6.127117 4.249748 12.3303
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Amphipod Acute Toxicity Test-96hr % Unaffected
Start Date: 12/03/2019 16:00 Test ID: PR1667/03 Sample ID: Bitterns
End Date: 16/03/2019 16:00 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 108 Test Species: ML-Melita Plumulosa
Comments:  

Dose-Response Plot
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Amphipod Acute Toxicity Test-96hr % Unaffected
Start Date: 12/03/2019 16:00 Test ID: PR1667/03 Sample ID: Bitterns
End Date: 16/03/2019 16:00 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 108 Test Species: ML-Melita Plumulosa
Comments:  

Auxiliary Data Summary
Conc-%      Parameter Mean Min Max SD CV% N

FSW-Control      % Non-immobilised 100.00 100.00 100.00 0.00 0.00 4
0.16 100.00 100.00 100.00 0.00 0.00 4
0.31 100.00 100.00 100.00 0.00 0.00 4
0.63 95.00 80.00 100.00 10.00 3.33 4
1.25 75.00 60.00 80.00 10.00 4.22 4
2.5 30.00 20.00 40.00 11.55 11.33 4

5 0.00 0.00 0.00 0.00 4
FSW-Control      pH 8.10 8.10 8.10 0.00 0.00 1

0.16 8.10 8.10 8.10 0.00 0.00 1
0.31 8.10 8.10 8.10 0.00 0.00 1
0.63 8.10 8.10 8.10 0.00 0.00 1
1.25 8.10 8.10 8.10 0.00 0.00 1
2.5 8.10 8.10 8.10 0.00 0.00 1

5 8.00 8.00 8.00 0.00 0.00 1
FSW-Control      DO % 99.60 99.60 99.60 0.00 0.00 1

0.16 98.90 98.90 98.90 0.00 0.00 1
0.31 98.70 98.70 98.70 0.00 0.00 1
0.63 99.40 99.40 99.40 0.00 0.00 1
1.25 98.70 98.70 98.70 0.00 0.00 1
2.5 99.60 99.60 99.60 0.00 0.00 1

5 98.50 98.50 98.50 0.00 0.00 1
FSW-Control      Salinity ppt 35.60 35.60 35.60 0.00 0.00 1

0.16 37.40 37.40 37.40 0.00 0.00 1
0.31 37.90 37.90 37.90 0.00 0.00 1
0.63 38.90 38.90 38.90 0.00 0.00 1
1.25 40.60 40.60 40.60 0.00 0.00 1
2.5 43.90 43.90 43.90 0.00 0.00 1

5 50.90 50.90 50.90 0.00 0.00 1
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Statistical Printouts for the Sea 
Anemone Pedal Lacerate 
Development Test 
 
 
 

 



Anemone Larval Toxicity Test-% Normal
Start Date: 12/03/2019 16:30 Test ID: PR1667/05 Sample ID: Bitterns
End Date: 20/03/2019 16:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 128 Test Species: AI-Aiptasia pulchella
Comments:  

Conc-% 1 2 3 4
FSW-Control 0.8000 1.0000 0.8000 1.0000

0.16 1.0000 0.8000 0.8000 1.0000
0.31 1.0000 0.8000 0.8000 0.8000
0.63 0.6000 0.4000 0.4000 0.8000
1.25 0.0000 0.0000 0.2000 0.0000
2.5 0.0000 0.0000 0.0000 0.0000

5 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number

FSW-Control 0.9000 1.0000 1.2262 1.1071 1.3453 11.212 4 2 20
0.16 0.9000 1.0000 1.2262 1.1071 1.3453 11.212 4 18.00 10.00 2 20
0.31 0.8500 0.9444 1.1667 1.1071 1.3453 10.206 4 16.00 10.00 3 20
0.63 0.5500 0.6111 0.8407 0.6847 1.1071 23.960 4 11.00 10.00 9 20

*1.25 0.0500 0.0556 0.2850 0.2255 0.4636 41.771 4 10.00 10.00 19 20
2.5 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 20 20

5 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 20 20

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.880184 0.905 0.576336 -1.00871
Bartlett's Test indicates equal variances (p = 0.89) 1.110296 13.2767
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 0.63 1.25 0.887412 158.7302
Treatments vs FSW-Control

Maximum Likelihood-Probit
Parameter Value SE 95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 6.129927 1.815603 2.571346 9.688508 0.1 0.170051 9.487729 1 -0.15716 0.163134 4
Intercept 5.963403 0.340233 5.296546 6.63026
TSCR 0.110257 0.043367 0.025258 0.195256
Point Probits % 95% Fiducial Limits
EC01 2.674 0.290623 0.069354 0.435986
EC05 3.355 0.375409 0.126276 0.518325
EC10 3.718 0.4303 0.173226 0.570288
EC15 3.964 0.471801 0.213921 0.60965
EC20 4.158 0.50762 0.25248 0.644136
EC25 4.326 0.54051 0.290482 0.676604
EC40 4.747 0.63315 0.408077 0.776181
EC50 5.000 0.696364 0.492713 0.856617
EC60 5.253 0.765889 0.58291 0.964841
EC75 5.674 0.897157 0.727126 1.246519
EC80 5.842 0.955286 0.779388 1.405409
EC85 6.036 1.027812 0.837373 1.631203
EC90 6.282 1.12694 0.907739 1.986517
EC95 6.645 1.291718 1.011013 2.692053
EC99 7.326 1.668564 1.214919 4.849175
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Anemone Larval Toxicity Test-% Normal
Start Date: 12/03/2019 16:30 Test ID: PR1667/05 Sample ID: Bitterns
End Date: 20/03/2019 16:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 128 Test Species: AI-Aiptasia pulchella
Comments:  

Dose-Response Plot
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Anemone Larval Toxicity Test-% Normal
Start Date: 12/03/2019 16:30 Test ID: PR1667/05 Sample ID: Bitterns
End Date: 20/03/2019 16:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 128 Test Species: AI-Aiptasia pulchella
Comments:  

Auxiliary Data Summary
Conc-%      Parameter Mean Min Max SD CV% N

FSW-Control      % unaffacted 90.00 80.00 100.00 11.55 3.78 4
0.16 90.00 80.00 100.00 11.55 3.78 4
0.31 85.00 80.00 100.00 10.00 3.72 4
0.63 55.00 40.00 80.00 19.15 7.96 4
1.25 5.00 0.00 20.00 10.00 63.25 4
2.5 0.00 0.00 0.00 0.00 4

5 0.00 0.00 0.00 0.00 4
FSW-Control      pH 8.10 8.10 8.10 0.00 0.00 1

0.16 8.10 8.10 8.10 0.00 0.00 1
0.31 8.10 8.10 8.10 0.00 0.00 1
0.63 8.10 8.10 8.10 0.00 0.00 1
1.25 8.10 8.10 8.10 0.00 0.00 1
2.5 8.10 8.10 8.10 0.00 0.00 1

5 8.00 8.00 8.00 0.00 0.00 1
FSW-Control      DO, % 99.60 99.60 99.60 0.00 0.00 1

0.16 98.90 98.90 98.90 0.00 0.00 1
0.31 98.70 98.70 98.70 0.00 0.00 1
0.63 99.40 99.40 99.40 0.00 0.00 1
1.25 98.70 98.70 98.70 0.00 0.00 1
2.5 99.60 99.60 99.60 0.00 0.00 1

5 98.50 98.50 98.50 0.00 0.00 1
FSW-Control      Salinity ppt 35.60 35.60 35.60 0.00 0.00 1

0.16 37.40 37.40 37.40 0.00 0.00 1
0.31 37.90 37.90 37.90 0.00 0.00 1
0.63 38.90 38.90 38.90 0.00 0.00 1
1.25 40.60 40.60 40.60 0.00 0.00 1
2.5 43.90 43.90 43.90 0.00 0.00 1

5 50.90 50.90 50.90 0.00 0.00 1
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Statistical Printouts for the Larval 
Fish Imbalance Tests 
 
 

 



Fish Imbalance Test-96 hr Unaffected
Start Date: 12/03/2019 15:30 Test ID: PR1667/12 Sample ID: Bitterns
End Date: 16/03/2019 15:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 117 Test Species: LT-Lates calcarifer
Comments:  

Conc-% 1 2 3 4
FSW-Control 1.0000 1.0000 1.0000 1.0000

0.16 1.0000 1.0000 1.0000 1.0000
0.31 1.0000 1.0000 1.0000 1.0000
0.63 1.0000 1.0000 1.0000 1.0000
1.25 1.0000 1.0000 1.0000 1.0000
2.5 0.4000 0.0000 0.0000 0.0000

5 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number

FSW-Control 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 0 20
0.16 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
0.31 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
0.63 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
1.25 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 0 20
*2.5 0.1000 0.1000 0.3403 0.2255 0.6847 67.468 4 10.00 10.00 18 20

5 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 20 20

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.465078 0.916 3.02059 13.98918
Equality of variance cannot be confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 1.25 2.5 1.767767 80
Treatments vs FSW-Control

Trimmed Spearman-Karber
Trim Level EC50 95% CL

0.0% 1.8946 1.7264 2.0793
5.0% 1.8530 1.6925 2.0286

10.0% 1.8372 1.7347 1.9457
20.0% 1.8372 1.7347 1.9457

Auto-0.0% 1.8946 1.7264 2.0793
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Fish Imbalance Test-96 hr Unaffected
Start Date: 12/03/2019 15:30 Test ID: PR1667/12 Sample ID: Bitterns
End Date: 16/03/2019 15:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 117 Test Species: LT-Lates calcarifer
Comments:  

Dose-Response Plot
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Fish Imbalance Test-96 hr Unaffected
Start Date: 12/03/2019 15:30 Test ID: PR1667/12 Sample ID: Bitterns
End Date: 16/03/2019 15:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 117 Test Species: LT-Lates calcarifer
Comments:  

Auxiliary Data Summary
Conc-%      Parameter Mean Min Max SD CV% N

FSW-Control      % unaffected 100.00 100.00 100.00 0.00 0.00 4
0.16 100.00 100.00 100.00 0.00 0.00 4
0.31 100.00 100.00 100.00 0.00 0.00 4
0.63 100.00 100.00 100.00 0.00 0.00 4
1.25 100.00 100.00 100.00 0.00 0.00 4
2.5 10.00 0.00 40.00 20.00 44.72 4

5 0.00 0.00 0.00 0.00 4
FSW-Control      pH 8.10 8.10 8.10 0.00 0.00 1

0.16 8.10 8.10 8.10 0.00 0.00 1
0.31 8.10 8.10 8.10 0.00 0.00 1
0.63 8.10 8.10 8.10 0.00 0.00 1
1.25 8.10 8.10 8.10 0.00 0.00 1
2.5 8.10 8.10 8.10 0.00 0.00 1

5 8.00 8.00 8.00 0.00 0.00 1
FSW-Control      Salinity ppt 35.60 35.60 35.60 0.00 0.00 1

0.16 37.40 37.40 37.40 0.00 0.00 1
0.31 37.90 37.90 37.90 0.00 0.00 1
0.63 38.90 38.90 38.90 0.00 0.00 1
1.25 40.60 40.60 40.60 0.00 0.00 1
2.5 43.90 43.90 43.90 0.00 0.00 1

5 50.90 50.90 50.90 0.00 0.00 1
FSW-Control      DO % 99.60 99.60 99.60 0.00 0.00 1

0.16 98.90 98.90 98.90 0.00 0.00 1
0.31 98.70 98.70 98.70 0.00 0.00 1
0.63 99.40 99.40 99.40 0.00 0.00 1
1.25 98.70 98.70 98.70 0.00 0.00 1
2.5 99.60 99.60 99.60 0.00 0.00 1

5 98.50 98.50 98.50 0.00 0.00 1
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Fish Imbalance Test-96 hr Unaffected
Start Date: 12/03/2019 15:30 Test ID: PR1667/12 Sample ID: Bitterns
End Date: 16/03/2019 15:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 117 Test Species: LT-Lates calcarifer
Comments:  

Conc-% 1 2 3 4
FSW-Control 1.0000 1.0000 1.0000 1.0000

0.16 1.0000 1.0000 1.0000 1.0000
0.31 1.0000 1.0000 1.0000 1.0000
0.63 1.0000 1.0000 1.0000 1.0000
1.25 1.0000 1.0000 1.0000 1.0000
2.5 0.4000 0.0000 0.0000 0.0000

5 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Mean N-Mean

FSW-Control 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 1.0000 1.0000
0.16 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 1.0000 1.0000
0.31 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 1.0000 1.0000
0.63 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 1.0000 1.0000
1.25 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 1.0000 1.0000
2.5 0.1000 0.1000 0.3403 0.2255 0.6847 67.468 4 0.1000 0.1000

5 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 0.0000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.05) 0.465078 0.916 3.02059 13.98918
Equality of variance cannot be confirmed

Log-Logit Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 1.8680 0.1289 1.4630 2.0199 -0.7597
IC10 1.9522 0.1478 1.4882 2.1276 -0.7579
IC15 2.0056 0.1599 1.5037 2.1962 -0.7568
IC20 2.0464 0.1693 1.5153 2.2488 -0.7559
IC25 2.0806 0.1772 1.5249 2.2928 -0.7552
IC40 2.1644 0.1967 1.5479 2.4015 -0.7534
IC50 2.2145 0.2085 1.5613 2.4667 -0.7524
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Fish Imbalance Test-96 hr Unaffected
Start Date: 12/03/2019 15:30 Test ID: PR1667/12 Sample ID: Bitterns
End Date: 16/03/2019 15:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 117 Test Species: LT-Lates calcarifer
Comments:  

Dose-Response Plot
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Statistical Printouts for the 
Nitzschia Growth Inhibition Tests 
 
 

 



Microalgal Cell Yield-Cell Yield
Start Date: 12/03/2019 15:00 Test ID: PR1667/10 Sample ID: Bitterns
End Date: 15/03/2019 15:00 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 103 Test Species: NC-Nitzschia closterium
Comments:  

Conc-% 1 2 3 4
FSW-Control 26.473 27.573 25.773 28.973

0.16 28.973 29.873 27.273 26.673
0.31 27.973 26.473 27.573 26.973
0.63 26.273 27.473 25.773 27.073
1.25 15.773 16.273 16.873 15.273
2.5 6.473 8.273 6.673 7.073

5 5.473 5.273 6.773 5.473

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

FSW-Control 27.198 1.0000 27.198 25.773 28.973 5.133 4 27.698 1.0000
0.16 28.198 1.0368 28.198 26.673 29.873 5.255 4 -1.439 2.451 1.704 27.698 1.0000
0.31 27.248 1.0018 27.248 26.473 27.973 2.423 4 -0.072 2.451 1.704 27.248 0.9838
0.63 26.648 0.9798 26.648 25.773 27.473 2.880 4 0.791 2.451 1.704 26.648 0.9621

*1.25 16.048 0.5900 16.048 15.273 16.873 4.268 4 16.040 2.451 1.704 16.048 0.5794
*2.5 7.123 0.2619 7.123 6.473 8.273 11.319 4 28.879 2.451 1.704 7.123 0.2572

*5 5.748 0.2113 5.748 5.273 6.773 12.002 4 30.857 2.451 1.704 5.748 0.2075

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.964328 0.924 0.318982 -0.54421
Bartlett's Test indicates equal variances (p = 0.64) 4.250665 16.81189
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 0.63 1.25 0.887412 158.7302 1.704077 0.062655 399.897 0.966429 1.1E-20 6, 21
Treatments vs FSW-Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 0.6496 0.0999 0.1015 0.7360 -1.6709
IC10 0.7306 0.0290 0.6373 0.8062 -0.0694
IC15 0.8116 0.0269 0.7237 0.8863 -0.0545
IC20 0.8926 0.0251 0.8146 0.9638 -0.0264
IC25 0.9736 0.0236 0.9048 1.0408 0.0175
IC40 1.2166 0.0239 1.1461 1.3095 0.6283
IC50 1.5580 0.0444 1.4118 1.6807 0.0461
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Microalgal Cell Yield-Cell Yield
Start Date: 12/03/2019 15:00 Test ID: PR1667/10 Sample ID: Bitterns
End Date: 15/03/2019 15:00 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 103 Test Species: NC-Nitzschia closterium
Comments:  

Dose-Response Plot

1-tail, 0.05 level
of significance
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Microalgal Cell Yield-Cell Yield
Start Date: 12/03/2019 15:00 Test ID: PR1667/10 Sample ID: Bitterns
End Date: 15/03/2019 15:00 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: 28/02/2019 Protocol: ESA 103 Test Species: NC-Nitzschia closterium
Comments:  

Auxiliary Data Summary
Conc-%      Parameter Mean Min Max SD CV% N

FSW-Control      Cell Yield 27.20 25.77 28.97 1.40 4.34 4
0.16 28.20 26.67 29.87 1.48 4.32 4
0.31 27.25 26.47 27.97 0.66 2.98 4
0.63 26.65 25.77 27.47 0.77 3.29 4
1.25 16.05 15.27 16.87 0.68 5.16 4
2.5 7.12 6.47 8.27 0.81 12.61 4

5 5.75 5.27 6.77 0.69 14.45 4
FSW-Control      pH 8.10 8.10 8.10 0.00 0.00 1

0.16 8.10 8.10 8.10 0.00 0.00 1
0.31 8.10 8.10 8.10 0.00 0.00 1
0.63 8.10 8.10 8.10 0.00 0.00 1
1.25 8.10 8.10 8.10 0.00 0.00 1
2.5 8.10 8.10 8.10 0.00 0.00 1

5 8.00 8.00 8.00 0.00 0.00 1
FSW-Control      Salinity ppt 35.60 35.60 35.60 0.00 0.00 1

0.16 37.40 37.40 37.40 0.00 0.00 1
0.31 37.90 37.90 37.90 0.00 0.00 1
0.63 38.90 38.90 38.90 0.00 0.00 1
1.25 40.60 40.60 40.60 0.00 0.00 1
2.5 43.90 43.90 43.90 0.00 0.00 1

5 50.90 50.90 50.90 0.00 0.00 1

Page 3 ToxCalc v5.0.23 Reviewed by:_____



   

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Statistical Printouts for the Sea 
Urchin Larval Development Test 
 
 
 

 



Sea Urchin Larval Development Test-Proportion Normal
Start Date: 16/04/2019 16:30 Test ID: PR1667/11 Sample ID: Bitterns
End Date: 19/04/2019 16:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 105 Test Species: HT-Heliocidaris tuberculata
Comments:  

Conc-% 1 2 3 4
FSW Control 0.9600 0.9500 0.9800 0.9700

0.16 0.9600 0.9500 0.9400 0.9800
0.31 0.9700 0.9600 0.9800 0.9500
0.63 0.7600 0.8900 0.8700 0.7400
1.25 0.0000 0.0000 0.0000 0.0000
2.5 0.0000 0.0000 0.0000 0.0000

5 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root 1-Tailed Number Total
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Resp Number

FSW Control 0.9650 1.0000 1.3851 1.3453 1.4289 2.598 4 14 400
0.16 0.9575 0.9922 1.3667 1.3233 1.4289 3.330 4 0.430 2.290 0.0977 17 400
0.31 0.9650 1.0000 1.3851 1.3453 1.4289 2.598 4 0.000 2.290 0.0977 14 400

*0.63 0.8150 0.8446 1.1323 1.0357 1.2327 8.781 4 5.928 2.290 0.0977 74 400
1.25 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 400 400
2.5 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 400 400

5 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 400 400

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.980995 0.887 0.116075 -0.5004
Bartlett's Test indicates equal variances (p = 0.23) 4.289682 11.34487
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 0.31 0.63 0.441928 322.5806 0.044076 0.045632 0.061143 0.003637 1.4E-04 3, 12
Treatments vs FSW Control

Trimmed Spearman-Karber
Trim Level EC50 95% CL

0.0%
5.0% 0.8135 0.7900 0.8378

10.0% 0.8270 0.7963 0.8589
20.0% 0.8332 0.8188 0.8478

Auto-0.4% 0.7967 0.7766 0.8173
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Sea Urchin Larval Development Test-Proportion Normal
Start Date: 16/04/2019 16:30 Test ID: PR1667/11 Sample ID: Bitterns
End Date: 19/04/2019 16:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 105 Test Species: HT-Heliocidaris tuberculata
Comments:  

Dose-Response Plot

1-tail, 0.05 level
of significance
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Sea Urchin Larval Development Test-Proportion Normal
Start Date: 16/04/2019 16:30 Test ID: PR1667/11 Sample ID: Bitterns
End Date: 19/04/2019 16:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 105 Test Species: HT-Heliocidaris tuberculata
Comments:  

Auxiliary Data Summary
Conc-%      Parameter Mean Min Max SD CV% N

FSW Control      % Normal 96.50 95.00 98.00 1.29 1.18 4
0.16 95.75 94.00 98.00 1.71 1.36 4
0.31 96.50 95.00 98.00 1.29 1.18 4
0.63 81.50 74.00 89.00 7.59 3.38 4
1.25 0.00 0.00 0.00 0.00 4
2.5 0.00 0.00 0.00 0.00 4

5 0.00 0.00 0.00 0.00 4
FSW Control      pH 8.10 8.10 8.10 0.00 0.00 1

0.16 8.10 8.10 8.10 0.00 0.00 1
0.31 8.10 8.10 8.10 0.00 0.00 1
0.63 8.10 8.10 8.10 0.00 0.00 1
1.25 8.10 8.10 8.10 0.00 0.00 1
2.5 8.10 8.10 8.10 0.00 0.00 1

5 8.00 8.00 8.00 0.00 0.00 1
FSW Control      Salinity ppt 35.60 35.60 35.60 0.00 0.00 1

0.16 37.40 37.40 37.40 0.00 0.00 1
0.31 37.90 37.90 37.90 0.00 0.00 1
0.63 38.80 38.80 38.80 0.00 0.00 1
1.25 40.50 40.50 40.50 0.00 0.00 1
2.5 43.90 43.90 43.90 0.00 0.00 1

5 50.80 50.80 50.80 0.00 0.00 1
FSW Control      DO % 99.70 99.70 99.70 0.00 0.00 1

0.16 98.00 98.00 98.00 0.00 0.00 1
0.31 98.90 98.90 98.90 0.00 0.00 1
0.63 99.10 99.10 99.10 0.00 0.00 1
1.25 98.90 98.90 98.90 0.00 0.00 1
2.5 99.40 99.40 99.40 0.00 0.00 1

5 94.80 94.80 94.80 0.00 0.00 1
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Sea Urchin Larval Development Test-Proportion Normal
Start Date: 16/04/2019 16:30 Test ID: PR1667/11 Sample ID: Bitterns
End Date: 19/04/2019 16:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 105 Test Species: HT-Heliocidaris tuberculata
Comments:  

Conc-% 1 2 3 4
FSW Control 0.9600 0.9500 0.9800 0.9700

0.16 0.9600 0.9500 0.9400 0.9800
0.31 0.9700 0.9600 0.9800 0.9500
0.63 0.7600 0.8900 0.8700 0.7400
1.25 0.0000 0.0000 0.0000 0.0000
2.5 0.0000 0.0000 0.0000 0.0000

5 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Mean N-Mean

FSW Control 0.9650 1.0000 1.3851 1.3453 1.4289 2.598 4 0.9650 1.0000
0.16 0.9575 0.9922 1.3667 1.3233 1.4289 3.330 4 0.9613 0.9961
0.31 0.9650 1.0000 1.3851 1.3453 1.4289 2.598 4 0.9613 0.9961
0.63 0.8150 0.8446 1.1323 1.0357 1.2327 8.781 4 0.8150 0.8446
1.25 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 0.0000 0.0000
2.5 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 0.0000 0.0000

5 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4 0.0000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.980995 0.887 0.116075 -0.5004
Bartlett's Test indicates equal variances (p = 0.23) 4.289682 11.34487

Log-Logit Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 0.4517 0.0241 0.3864 0.5536 0.7083
IC10 0.5486 0.0354 0.4653 0.6862 0.6047
IC15 0.6228 0.0278 0.5179 0.6699 -0.5820
IC20 0.6430 0.0143 0.5838 0.6808 -0.8125
IC25 0.6557 0.0110 0.6239 0.6934 0.1591
IC40 0.6882 0.0105 0.6584 0.7242 0.1692
IC50 0.7081 0.0101 0.6790 0.7430 0.1725
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Sea Urchin Larval Development Test-Proportion Normal
Start Date: 16/04/2019 16:30 Test ID: PR1667/11 Sample ID: Bitterns
End Date: 19/04/2019 16:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 105 Test Species: HT-Heliocidaris tuberculata
Comments:  

Dose-Response Plot

1-tail, 0.05 level
of significance
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Sea Urchin Larval Development Test-Proportion Normal
Start Date: 16/04/2019 16:30 Test ID: PR1667/11 Sample ID: Bitterns
End Date: 19/04/2019 16:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 105 Test Species: HT-Heliocidaris tuberculata
Comments:  

Auxiliary Data Summary
Conc-%      Parameter Mean Min Max SD CV% N

FSW Control      % Normal 96.50 95.00 98.00 1.29 1.18 4
0.16 95.75 94.00 98.00 1.71 1.36 4
0.31 96.50 95.00 98.00 1.29 1.18 4
0.63 81.50 74.00 89.00 7.59 3.38 4
1.25 0.00 0.00 0.00 0.00 4
2.5 0.00 0.00 0.00 0.00 4

5 0.00 0.00 0.00 0.00 4
FSW Control      pH 8.10 8.10 8.10 0.00 0.00 1

0.16 8.10 8.10 8.10 0.00 0.00 1
0.31 8.10 8.10 8.10 0.00 0.00 1
0.63 8.10 8.10 8.10 0.00 0.00 1
1.25 8.10 8.10 8.10 0.00 0.00 1
2.5 8.10 8.10 8.10 0.00 0.00 1

5 8.00 8.00 8.00 0.00 0.00 1
FSW Control      Salinity ppt 35.60 35.60 35.60 0.00 0.00 1

0.16 37.40 37.40 37.40 0.00 0.00 1
0.31 37.90 37.90 37.90 0.00 0.00 1
0.63 38.80 38.80 38.80 0.00 0.00 1
1.25 40.50 40.50 40.50 0.00 0.00 1
2.5 43.90 43.90 43.90 0.00 0.00 1

5 50.80 50.80 50.80 0.00 0.00 1
FSW Control      DO % 99.70 99.70 99.70 0.00 0.00 1

0.16 98.00 98.00 98.00 0.00 0.00 1
0.31 98.90 98.90 98.90 0.00 0.00 1
0.63 99.10 99.10 99.10 0.00 0.00 1
1.25 98.90 98.90 98.90 0.00 0.00 1
2.5 99.40 99.40 99.40 0.00 0.00 1

5 94.80 94.80 94.80 0.00 0.00 1
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Sea Urchin Larval Development Test-Proportion Normal
Start Date: 16/04/2019 16:30 Test ID: PR1667/12 Sample ID: Bitterns
End Date: 19/04/2019 16:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 105 Test Species: HT-Heliocidaris tuberculata
Comments:  Salinity Controls

Conc-% 1 2 3 4
FSW Control 0.9600 0.9500 0.9800 0.9700
38ppt Control 0.9800 0.9600 0.9500 0.9800
40ppt Control 0.0400 0.0800 0.0300 0.0000

44 ppt Control 0.0000 0.0000 0.0000 0.0000
50ppt Control 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

FSW Control 0.9650 1.0000 1.3851 1.3453 1.4289 2.598 4
38ppt Control 0.9675 1.0026 1.3931 1.3453 1.4289 3.048 4 -0.289 2.015 0.0561

*40ppt Control 0.0375 0.0389 0.1781 0.0500 0.2868 54.997 4 23.140 2.353 0.1228
44 ppt Control 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4
50ppt Control 0.0000 0.0000 0.0500 0.0500 0.0500 0.000 4

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.961714 0.859 -0.43644 1.543799
Bartlett's Test indicates equal variances (p = 0.20) 3.181155 9.21034
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Heteroscedastic t Test indicates significant differences 0.05808 0.06013 1.955594 0.004229 8.5E-10 2, 9
Treatments vs FSW Control

Dose-Response Plot

1-tail, 0.05 level
of significance
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Sea Urchin Larval Development Test-Proportion Normal
Start Date: 16/04/2019 16:30 Test ID: PR1667/12 Sample ID: Bitterns
End Date: 19/04/2019 16:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 105 Test Species: HT-Heliocidaris tuberculata
Comments:  Salinity Controls

Auxiliary Data Summary
Conc-%      Parameter Mean Min Max SD CV% N

FSW Control      % Normal 96.50 95.00 98.00 1.29 1.18 4
38ppt Control 96.75 95.00 98.00 1.50 1.27 4
40ppt Control 3.75 0.00 8.00 3.30 48.47 4

44 ppt Control 0.00 0.00 0.00 0.00 4
50ppt Control 0.00 0.00 0.00 0.00 4
FSW Control      pH 8.10 8.10 8.10 0.00 0.00 1
38ppt Control 8.10 8.10 8.10 0.00 0.00 1
40ppt Control 8.10 8.10 8.10 0.00 0.00 1

44 ppt Control 8.10 8.10 8.10 0.00 0.00 1
50ppt Control 8.10 8.10 8.10 0.00 0.00 1
FSW Control      Salinity ppt 35.60 35.60 35.60 0.00 0.00 1
38ppt Control 38.50 38.50 38.50 0.00 0.00 1
40ppt Control 40.20 40.20 40.20 0.00 0.00 1

44 ppt Control 43.90 43.90 43.90 0.00 0.00 1
50ppt Control 50.40 50.40 50.40 0.00 0.00 1
FSW Control      DO % 99.70 99.70 99.70 0.00 0.00 1
38ppt Control 98.90 98.90 98.90 0.00 0.00 1
40ppt Control 97.90 97.90 97.90 0.00 0.00 1

44 ppt Control 98.00 98.00 98.00 0.00 0.00 1
50ppt Control 99.60 99.60 99.60 0.00 0.00 1
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Statistical Printouts for the 7-d 
Larval Fish Growth Inhibition 
Tests 
 
 

 



Fish Growth Test-7 Day Unaffected
Start Date: 16/04/2019 17:30 Test ID: PR1667/14 Sample ID: BITTERNS
End Date: 23/04/2019 17:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: EPAM 94 Test Species: MI
Comments:  

Conc-% 1 2 3 4
FSW Control 1.0000 1.0000 1.0000 1.0000

0.16 1.0000 1.0000 1.0000 1.0000
0.31 1.0000 1.0000 1.0000 1.0000
0.63 1.0000 1.0000 1.0000 1.0000
1.25 1.0000 1.0000 1.0000 1.0000
2.5 0.0000 0.0000 0.0000 0.0000

5 0.0000 0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N Sum Critical Mean N-Mean

FSW Control 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 1.0000 1.0000
0.16 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 1.0000 1.0000
0.31 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 1.0000 1.0000
0.63 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 1.0000 1.0000
1.25 1.0000 1.0000 1.3453 1.3453 1.3453 0.000 4 18.00 10.00 1.0000 1.0000
2.5 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 0.0000 0.0000

5 0.0000 0.0000 0.2255 0.2255 0.2255 0.000 4 0.0000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 1 0.905
Equality of variance cannot be confirmed
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test 1.25 2.5 1.767767 80
Treatments vs FSW Control

Log-Logit Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 1.6149 0.0000 1.6149 1.6149 1.0076
IC10 1.6622 0.0000 1.6622 1.6622 -1.0076
IC15 1.6919 0.0000 1.6919 1.6919 1.0076
IC20 1.7145 0.0000 1.7145 1.7145 -1.0076
IC25 1.7333 0.0000 1.7333 1.7333 -1.0076
IC40 1.7791 0.0000 1.7791 1.7791 1.0076
IC50 1.8062 0.0000 1.8062 1.8062 -1.0076
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Fish Growth Test-7 Day Unaffected
Start Date: 16/04/2019 17:30 Test ID: PR1667/14 Sample ID: BITTERNS
End Date: 23/04/2019 17:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: EPAM 94 Test Species: MI
Comments:  

Dose-Response Plot
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Fish Growth Test-7 Day Unaffected
Start Date: 16/04/2019 17:30 Test ID: PR1667/14 Sample ID: BITTERNS
End Date: 23/04/2019 17:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: EPAM 94 Test Species: MI
Comments:  

Auxiliary Data Summary
Conc-%      Parameter Mean Min Max SD CV% N

FSW Control      % Un-affected 100.00 100.00 100.00 0.00 0.00 4
0.16 100.00 100.00 100.00 0.00 0.00 4
0.31 100.00 100.00 100.00 0.00 0.00 4
0.63 100.00 100.00 100.00 0.00 0.00 4
1.25 100.00 100.00 100.00 0.00 0.00 4
2.5 0.00 0.00 0.00 0.00 4

5 0.00 0.00 0.00 0.00 4
FSW Control      Biomass 15.95 13.94 17.90 1.62 7.98 4

0.16 15.55 13.74 17.04 1.43 7.69 4
0.31 15.33 13.96 16.38 1.08 6.79 4
0.63 15.86 15.30 16.24 0.46 4.29 4
1.25 13.00 12.58 13.62 0.44 5.10 4
2.5 0.00 0.00 0.00 0.00 4

5 0.00 0.00 0.00 0.00 4
FSW Control      pH 8.10 8.10 8.10 0.00 0.00 1

0.16 8.10 8.10 8.10 0.00 0.00 1
0.31 8.10 8.10 8.10 0.00 0.00 1
0.63 8.10 8.10 8.10 0.00 0.00 1
1.25 8.10 8.10 8.10 0.00 0.00 1
2.5 8.10 8.10 8.10 0.00 0.00 1

5 8.00 8.00 8.00 0.00 0.00 1
FSW Control      Salinity 35.60 35.60 35.60 0.00 0.00 1

0.16 37.40 37.40 37.40 0.00 0.00 1
0.31 37.90 37.90 37.90 0.00 0.00 1
0.63 38.80 38.80 38.80 0.00 0.00 1
1.25 40.50 40.50 40.50 0.00 0.00 1
2.5 43.90 43.90 43.90 0.00 0.00 1

5 50.80 50.80 50.80 0.00 0.00 1
FSW Control      % DO 99.70 99.70 99.70 0.00 0.00 1

0.16 98.00 98.00 98.00 0.00 0.00 1
0.31 98.90 98.90 98.90 0.00 0.00 1
0.63 99.10 99.10 99.10 0.00 0.00 1
1.25 98.90 98.90 98.90 0.00 0.00 1
2.5 99.40 99.40 99.40 0.00 0.00 1

5 94.80 94.80 94.80 0.00 0.00 1
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Fish Growth Test-7 day Biomass
Start Date: 16/04/2019 17:30 Test ID: PR1667/15 Sample ID: Bitterns
End Date: 23/04/2019 17:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 122 Test Species: LT-Lates calcarifer
Comments:  Salinity controls

Conc-% 1 2 3 4
FSW Control 17.900 16.060 15.900 13.940
38ppt Control 16.180 15.660 15.900 14.980
40ppt Control 13.900 13.840 12.240 14.100
44ppt Control 0.000 0.000 0.000 0.000
50ppt Control 0.000 0.000 0.000 0.000

Transform: Untransformed 1-Tailed
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD

FSW Control 15.950 1.0000 15.950 13.940 17.900 10.146 4
38ppt Control 15.680 0.9831 15.680 14.980 16.180 3.270 4 0.318 2.353 1.998

*40ppt Control 13.520 0.8476 13.520 12.240 14.100 6.365 4 2.652 2.132 1.954
44ppt Control 0.000 0.0000 0.000 0.000 0.000 0.000 4
50ppt Control 0.000 0.0000 0.000 0.000 0.000 0.000 4

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.92529 0.859 -0.30286 1.441917
Bartlett's Test indicates equal variances (p = 0.20) 3.237662 9.21034
Hypothesis Test (1-tail, 0.05) MSDu MSDp MSB MSE F-Prob df
Heteroscedastic t Test indicates significant differences 1.953753 0.122492 7.0956 1.207511 0.023296 2, 9
Treatments vs FSW Control

Dose-Response Plot

1-tail, 0.05 level
of significance
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Fish Growth Test-7 day Biomass
Start Date: 16/04/2019 17:30 Test ID: PR1667/15 Sample ID: Bitterns
End Date: 23/04/2019 17:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 122 Test Species: LT-Lates calcarifer
Comments:  Salinity controls

Auxiliary Data Summary
Conc-%      Parameter Mean Min Max SD CV% N

FSW Control      % Un-affected 100.00 100.00 100.00 0.00 0.00 4
38ppt Control 100.00 100.00 100.00 0.00 0.00 4
40ppt Control 100.00 100.00 100.00 0.00 0.00 4
44ppt Control 0.00 0.00 0.00 0.00 4
50ppt Control 0.00 0.00 0.00 0.00 4
FSW Control      Biomass 15.95 13.94 17.90 1.62 7.98 4
38ppt Control 15.68 14.98 16.18 0.51 4.57 4
40ppt Control 13.52 12.24 14.10 0.86 6.86 4
44ppt Control 0.00 0.00 0.00 0.00 4
50ppt Control 0.00 0.00 0.00 0.00 4
FSW Control      pH 8.10 8.10 8.10 0.00 0.00 1
38ppt Control 8.10 8.10 8.10 0.00 0.00 1
40ppt Control 8.10 8.10 8.10 0.00 0.00 1
44ppt Control 8.10 8.10 8.10 0.00 0.00 1
50ppt Control 8.10 8.10 8.10 0.00 0.00 1
FSW Control      Salinity 35.60 35.60 35.60 0.00 0.00 1
38ppt Control 38.50 38.50 38.50 0.00 0.00 1
40ppt Control 40.20 40.20 40.20 0.00 0.00 1
44ppt Control 43.90 43.90 43.90 0.00 0.00 1
50ppt Control 50.40 50.40 50.40 0.00 0.00 1
FSW Control      % DO 99.70 99.70 99.70 0.00 0.00 1
38ppt Control 98.90 98.90 98.90 0.00 0.00 1
40ppt Control 97.90 97.90 97.90 0.00 0.00 1
44ppt Control 98.00 98.00 98.00 0.00 0.00 1
50ppt Control 99.60 99.60 99.60 0.00 0.00 1
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Fish Growth Test-7 day Biomass
Start Date: 16/04/2019 17:30 Test ID: PR1667/14 Sample ID: Bitterns
End Date: 23/04/2019 17:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 122 Test Species: LT-Lates calcarifer
Comments:  

Conc-% 1 2 3 4
FSW Control 17.900 16.060 15.900 13.940

0.16 16.240 13.740 15.160 17.040
0.31 13.960 16.380 14.980 15.980
0.63 16.240 15.660 15.300 16.240
1.25 12.900 12.900 13.620 12.580
2.5 0.000 0.000 0.000 0.000

5 0.000 0.000 0.000 0.000

Transform: Untransformed 1-Tailed Isotonic
Conc-% Mean N-Mean Mean Min Max CV% N t-Stat Critical MSD Mean N-Mean

FSW Control 15.950 1.0000 15.950 13.940 17.900 10.146 4 15.950 1.0000
0.16 15.545 0.9746 15.545 13.740 17.040 9.191 4 0.513 2.360 1.865 15.577 0.9766
0.31 15.325 0.9608 15.325 13.960 16.380 7.073 4 0.791 2.360 1.865 15.577 0.9766
0.63 15.860 0.9944 15.860 15.300 16.240 2.918 4 0.114 2.360 1.865 15.577 0.9766

*1.25 13.000 0.8150 13.000 12.580 13.620 3.385 4 3.734 2.360 1.865 13.000 0.8150
2.5 0.000 0.0000 0.000 0.000 0.000 0.000 4 0.000 0.0000

5 0.000 0.0000 0.000 0.000 0.000 0.000 4 0.000 0.0000

Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates normal distribution (p > 0.05) 0.96725 0.905 -0.23937 0.317533
Bartlett's Test indicates equal variances (p = 0.16) 6.500362 13.2767
Hypothesis Test (1-tail, 0.05) NOEC LOEC ChV TU MSDu MSDp MSB MSE F-Prob df
Dunnett's Test 0.63 1.25 0.887412 158.7302 1.864699 0.116909 5.95227 1.2486 0.011062 4, 15
Treatments vs FSW Control

Linear Interpolation (200 Resamples)
Point % SD 95% CL(Exp) Skew
IC05 0.7321 0.2909 0.0000 0.9305 -0.7177
IC10 0.9240 0.2119 0.0000 1.1784 -2.1884
IC15 1.1159 0.1224 0.5962 1.3613 -0.6440
IC20 1.2731 0.0768 0.9023 1.3828 -1.4162
IC25 1.3498 0.0423 1.2076 1.4526 -0.3772
IC40 1.5798 0.0329 1.4661 1.6621 -0.1937
IC50 1.7332 0.0275 1.6384 1.8017 -0.1937
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Fish Growth Test-7 day Biomass
Start Date: 16/04/2019 17:30 Test ID: PR1667/14 Sample ID: Bitterns
End Date: 23/04/2019 17:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 122 Test Species: LT-Lates calcarifer
Comments:  

Dose-Response Plot

1-tail, 0.05 level
of significance
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Fish Growth Test-7 day Biomass
Start Date: 16/04/2019 17:30 Test ID: PR1667/14 Sample ID: Bitterns
End Date: 23/04/2019 17:30 Lab ID: 8964 Sample Type: AQ-Aqueous
Sample Date: Protocol: ESA 122 Test Species: LT-Lates calcarifer
Comments:  

Auxiliary Data Summary
Conc-%      Parameter Mean Min Max SD CV% N

FSW Control      % Un-affected 100.00 100.00 100.00 0.00 0.00 4
0.16 100.00 100.00 100.00 0.00 0.00 4
0.31 100.00 100.00 100.00 0.00 0.00 4
0.63 100.00 100.00 100.00 0.00 0.00 4
1.25 100.00 100.00 100.00 0.00 0.00 4
2.5 0.00 0.00 0.00 0.00 4

5 0.00 0.00 0.00 0.00 4
FSW Control      Biomass 15.95 13.94 17.90 1.62 7.98 4

0.16 15.55 13.74 17.04 1.43 7.69 4
0.31 15.33 13.96 16.38 1.08 6.79 4
0.63 15.86 15.30 16.24 0.46 4.29 4
1.25 13.00 12.58 13.62 0.44 5.10 4
2.5 0.00 0.00 0.00 0.00 4

5 0.00 0.00 0.00 0.00 4
FSW Control      pH 8.10 8.10 8.10 0.00 0.00 1

0.16 8.10 8.10 8.10 0.00 0.00 1
0.31 8.10 8.10 8.10 0.00 0.00 1
0.63 8.10 8.10 8.10 0.00 0.00 1
1.25 8.10 8.10 8.10 0.00 0.00 1
2.5 8.10 8.10 8.10 0.00 0.00 1

5 8.00 8.00 8.00 0.00 0.00 1
FSW Control      Salinity 35.60 35.60 35.60 0.00 0.00 1

0.16 37.40 37.40 37.40 0.00 0.00 1
0.31 37.90 37.90 37.90 0.00 0.00 1
0.63 38.80 38.80 38.80 0.00 0.00 1
1.25 40.50 40.50 40.50 0.00 0.00 1
2.5 43.90 43.90 43.90 0.00 0.00 1

5 50.80 50.80 50.80 0.00 0.00 1
FSW Control      % DO 99.70 99.70 99.70 0.00 0.00 1

0.16 98.00 98.00 98.00 0.00 0.00 1
0.31 98.90 98.90 98.90 0.00 0.00 1
0.63 99.10 99.10 99.10 0.00 0.00 1
1.25 98.90 98.90 98.90 0.00 0.00 1
2.5 99.40 99.40 99.40 0.00 0.00 1

5 94.80 94.80 94.80 0.00 0.00 1
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Appendix C Burrlioz 2.0 Statistical Report 

 

 

 



Burrlioz 2.0 report

Toxicant: 
Input file: C:\Users\Travis\Documents\Mardie\Toxicity Assessment\Ecotox%BitternsConc.csv
Time read: Tue May 07 16:04:54 2019
Units: percent (%)
Model: log logistic

Protection level information
Protect. level Guideline Value lower 95% CI upper 95% CI
99% 0.24 0.2 0.46
95% 0.33 0.28 0.55
90% 0.38 0.33 0.6
80% 0.44 0.38 0.65

notes: 
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 Saccostrea echinata 

 Aiptasia pulchella 

 Heliocidaris tuberculata 

 Nitzschia closterium 

 Lates calcarifer 

● Chronic



Data:

ï»¿EC10 speciesdata_type

0.41 Saccostrea echinata Chronic
0.43 Aiptasia pulchella Chronic

0.9 Lates calcarifer Chronic
0.73 Nitzschia closterium Chronic
0.55 Heliocidaris tuberculata Chronic


