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Executive Summary 
 

This report presents a study initiated by the Water Corporation to meet 
Ministerial condition 655:P10, Whole Effluent Toxicity (WET) Testing, 
requiring the toxicity testing of the high salinity seawater discharged from 
the Perth Seawater Desalination Plant (PSDP) 12 months after commissioning.  
The program to meet the Ministerial condition comprised preliminary testing 
(using simulated brine) and testing at 12 months after plant commissioning.  
After discussions with the Marine Science Division at the Department of 
Environment and Conservation (DEC) in December 2004 the Water 
Corporation included an additional test to assess brine toxicity at plant start 
up.  Testing has been designed and implemented as stated in the PSDP 
Environmental Management Plan for WET testing. 
 
The toxicity of the brine samples was assessed using the following tests which 
are all NATA accredited: 
 
 
− 72 hour algal growth test using the unicellular algae Isochrysis 

galbana.  
 
− 72 hour macroalgal germination assay using the brown kelp Ecklonia 

radiata. 
 
− 48 hour mussel larval development using Mytilis edulis. 
 
− 28 day copepod reproduction test using the copepod Gladioferens 

imparipes.  
 
− 7 day larval fish growth test using the marine fish pink snapper, 

Pagrus auratus.  
 
The EC50, EC10, EC5, NOEC and LOEC values for each test were calculated 
using the Toxcalc (Tidepool Scientific) statistics program and the results from 
the RO brine samples from November 2006 (at commissioning) and November 
2007 ( 12 months post-commissioning) are summarised in Tables 1 and 2.  
 
All toxicity tests were undertaken at Geotechnical Services (Geotech) 
Ecotoxicology Laboratory at Fremantle using filtered seawater obtained from 
Cockburn Sound as the dilution water.  
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Table 1 Summary of 2006 / 2007 EC/IC50, EC/IC10 Values  
 
Test 2006 

EC/IC50  
% Brine 

2006 
EC/IC10 
% Brine 

2007 
EC/IC50  
% Brine 

2007 
EC/IC10 
% Brine 

72 Hour Algal   
>83.2 

 
>83.2 

 
81.3 

 
13.7 

72 Hour 
Macroalgal   

 
28.0 

 
20.9 

 
>100 

 
92.9 

48 Hour 
Mussel  

 
15.1 

 
11.7 

 
17.9 

 
12.5* 

Copepod 
Reproduction  

Continuous
2.24** 

Continuous
0.12** 

24 hr pulse
29.8*** 

24 hr pulse 
16.8*** 

7 Day Larval 
Fish Growth  

 
14.7 

 
11.0 

 
19.9 

 
9.6 

* Toxcalc does not include the EC10 values when using the Trimmed 
Spearman-Karber non-parametric analysis.  The NOEC value is used to 
replace the EC10 value. EC10 ≡ NOEC (Moore and Caux 1997, USEPA 
1991, Hoekstra and Van Ewijk 1993) 
** The 2006 copepod reproduction test exposed the copepods to the RO 
brine for the duration of the test. 
***The 2007 copepod reproduction test exposed the neonate copepod to 
the RO brine for 24 hours at which time the brine was replaced with 
dilution water for the duration of the test.  

 
 
 The RO brine showed similar toxicity to most species when compared to the 
previous tests performed on pilot plant RO brine and simulated brine in 2005 
(Geotechnical Services 2006). However, the RO Brine tested in 2006 showed 
higher toxicity in the copepod reproduction test than in the 2005 tests. The 
2005 test using a pilot plant RO plant discharge produced an EC50 of 13.3% 
brine for copepods, whereas, the test on the RO brine from the Cockburn 
Sound Desalination Plant in 2006 showed an EC50 of 2.24% brine. This is 
the only toxicity test that has shown a significant increase in toxicity from the 
preliminary testing performed in 2005.  
 
During 2007 a project was undertaken to determine the appropriate exposure 
period for the copepods, taking into account the biology and the tide and 
current movements in Cockburn Sound. Exposure times ranges from 1 hour 
to 24 hours to simulate the movement of drifting organisms through the plume 
(Yeates et al. 2006). To simulate potential tidal movement through the plume, 
two ten minute exposures were performed twice a day for two days (Warne 
2007). After the pulse exposure of RO brine, all copepods were maintained in 
Cockburn Sound diluent for the remainder of the test (28 days). The results 
from this study are shown in Table 2. 
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Previous copepod reproduction bioassays in 2005 and 2006 exposed the 
copepods to the RO brine for the entire duration of the test (30 days). That 
represented a worst case scenario, where the copepods are living in the 
discharge plume. This is a scenario which is extremely unlikely to occur in 
Cockburn Sound as neonate copepods are zooplankton and are effectively 
drifting organisms. The duration of exposure for planktonic copepods exposed 
to the RO brine discharge in Cockburn Sound would be in the order of 
minutes as discussed in Yeates et al. (2006 ).  From the results in Table 2 the 
16 hour and 24 hour pulse exposures show similar responses. The 24 hour 
exposure was selected for use in the species protection trigger level 
calculations as it represents a realistic exposure in Cockburn Sound on days 
with low wind and tidal movement. However, in most cases this will 
overestimate the exposure by more than 4 fold. Therefore, from an 
environmental realism point of view, a pulse exposure test would be more 
appropriate than a continuous exposure test (Warne 2008). 
 
 
Table 2 Copepod Pulse Exposure Results (November 2007) 
 
Test Exposure EC50 

% Brine 
EC10 

% Brine
10 minute 2x 
/day 

Pulse >100 48.8 

1 hour   Pulse 
 

>100 4.8* 

2 hour  Pulse 
 

>100 4.2* 

4 hour  Pulse >100 
 

13.3 

8 hour  
 

Pulse 65.1 50** 

16 hour  
 

Pulse 29.2 25** 

24 hour   Pulse 29.8 16.8 
 

*Results are inconsistent (Warne 2008) and may be confounded 
due to handling and timing of moulting.  
** Toxcalc does not include the EC10 values when using the Trimmed 
Spearman-Karber non-parametric analysis.  The NOEC value is used to 
replace the EC10 value. EC10 ≡ NOEC (Moore and Caux 1997, USEPA 
1991, Hoekstra and Van Ewijk 1993) 
 

Species Protection Trigger  Values  
 
The EC/IC10, EC/IC5 and NOEC values for all tests in 2006 (Table 3) and  
2007 (Table 7) were used in the BurrliOZ statistics program (Campbell et al. 
2000) to calculate the protection trigger values at 99%, 95%, 90% and 80% 
species protection with 50% confidence levels (Tables 4, 5 and 6 for 2006 
results and Tables 8, 9, and 10 for 2007 results). It must be noted that the 
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number of data points used (5) is regarded as small for statistical analysis 
and, therefore, the results generated using the BurrliOZ program should be 
interpreted with caution.  
 
 
 
 
Table  3. 2006 EC/IC10, EC/IC5 and NOEC Results used in 
BurrliOZ for Species Protection Trigger Values 
 
Test EC/IC 10/NOEC 

% Brine  
EC/IC 5 
% Brine  

NOEC 
% Brine  

72 Hour Algal  83.2 
 

83.2 
 

83.2 
 

72 Hour 
Macroalgal   

20.9 
 

19.2 
 

6.3 
 

48 Hour 
Mussel 

11.7 
 

10.9 
 

6.1 
 

Copepod 
Reproduction  
Continuous 

 
0.45* 

 
0.23** 

 

 
0.45*** 

7 Day Larval 
Fish Growth  

11.0 
 

10.2 
 

11.0*** 
 

*EC50 divided by 5 ≡  EC10  (ANZECC and ARMCANZ 2000, Warne 
2001) 
**EC50 divided by 10 ≡ EC5 (ANZECC and ARMCANZ 2000, Warne 
2001) 
*** EC10 ≡ NOEC (Moore and Caux 1997, USEPA 1991, Hoekstra 
and Van Ewijk 1993)  
 
 
Table 4   2006 BurrliOZ  EC/IC 10 Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

0.03 3,333 

95 0.37 
 

270 

90 1.07 
 

93 

80 3.12 
 

32 
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Table 5   2006 BurrliOZ  EC/IC 5 Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

0.01 10,000 

95 0.2 
 

500 

90 0.67 
 

149 

80 2.3 
 

43 

 
Table 6   2006 BurrliOZ  NOEC Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

0.06 1,666 

95 0.37 
 

270 

90 0.84 
 

119 

80 1.95 
 

51 

 
 
Table  7. 2007 EC/IC10, EC/IC5 and NOEC Results used in 
BurrliOZ for Species Protection Trigger Values 
 
Test EC/IC10/NOEC 

% Brine  
EC5 

% Brine  
NOEC 

% Brine  
72 Hour Algal   

13.7 
 

12.1 
 

10.4 

72 Hour 
Macroalgal   

 
92.9 

 
77.4 

 
50 

48 Hour 
Mussel 

 
12.5 

 
12.5 

 
12.5 

Copepod 
Reproduction  
24 Hour Pulse 

 
5.9* 

 
3.0** 

 
12.5 

7 Day Larval 
Fish Growth  

9.6 7.8 12.5 
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*EC50 divided by 5 ≡  EC10  (ANZECC and ARMCANZ 2000, Warne 
2001) 
**EC50 divided by 10 ≡ EC5 (ANZECC and ARMCANZ 2000, Warne 
2001) 
 
 
Table 8   2007 BurrliOZ  EC10 Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

6.64 15.1 

95 8.15 
 

12.3 

90 9.23 
 

10.8 

80 10.93 
 

9.2 

 
Table 9   2007 BurrliOZ  EC5 Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

1.98 50.5 

95 2.87 
 

34.8 

90 3.60 
 

27.8 

80 4.92 
 

20.3 

 
Table 10   2007 BurrliOZ  NOEC Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

7.91 12.6 

95 9.02 
 

11.1 

90 9.78 
 

10.2 

80 10.92 
 

9.2 
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Species Protection Values at Commissioning 
 
The 2006 results listed in Tables 4, 5 and 6 show  the concentrations of RO 
brine in the water column that will meet the species protection trigger level for 
a 99%, 95%, 90% and 80% species protection level and the dilutions required 
to meet these levels. However, the continuous exposure of the copepods to 
the RO brine during the 28 days of the test overestimated the amount of 
exposure that copepods would encounter passing through the plume in 
Cockburn Sound. Therefore, the species protection trigger values from 2006 
overestimate the toxicity of the RO brine in Cockburn Sound. As discussed 
above, subsequent testing has shown that a 24 hour exposure was 
representative of a realistic exposure in Cockburn Sound on days with low 
wind and tidal movement.  
 
Species Protection Values 12 Months After Commissioning 
 
The 2007 results listed in Tables 8, 9 and 10 show the concentrations of RO 
brine in the water column that will meet the species protection trigger level for 
a 99%, 95%, 90% and 80% species protection level and the dilutions required 
to meet these levels. The diffuser at the desalination plant has always 
delivered at least a 45 fold dilution factor at 50 metres from the diffuser for all 
flow rates: 54 fold for 1/3 flow, 59.5 fold for 2/3 flow and 61.4 fold for full flow 
(Okely et al. 2007). Therefore, the 80% (LEPA) and 90% (MEPA) species 
protection trigger values will be met with a safety margin in all the scenarios 
listed above. 
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Glossary 
 
 
EC50 Concentration that causes an effect on 50% of the 

population 
Eg.  
Growth: Concentration that results in 50% less growth 
when compared to controls 
Reproduction: Concentration that results in 50% less 
fecundity when compared to controls 
Germination: Concentration that results in 50% 
germination of zoospores 
Larval development: Concentration that results in 50% of 
larva deformed  
 
Calculated statistically 
 

IC50 Concentration that causes an inhibition of growth of 50% 
when compared with controls (Unicellular alga bioassay) 
 
Calculated statistically 
 

EC10 / IC10 As above except the result is a 10% impact on the test 
species 
 

EC5 / IC5 As above except the result is a 5% impact on the test 
species 
 

LOEC 
 

Lowest Observed Effect Concentration 
 
Function of concentration tested 
 

NOEC 
 

No Observed Effect Concentration 
 
Function of concentration tested 
 

‰ / ppt Parts per thousand 
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1. Introduction 
 
1.1 Ministerial Conditions 
This report presents the results from a study initiated for the Water 
Corporation to determine the toxicity of a seawater concentrate that is 
discharged into Cockburn Sound from the Perth Desalination Plant 12 
months after commissioning. This testing was performed to satisfy the 
Ministerial conditions shown below. 
 
655: P10 Whole Effluent Toxicity (WET) testing. 
“To ensure that the discharge complies with the requirements of the 
Cockburn Sound Environmental Protection Policy and the Revised 
Environmental Quality Criteria Reference Document (Cockburn 
Sound). Conduct WET testing of the high salinity seawater discharge 
including added chemicals (anti-scalants and biocides) as soon as the 
chemicals to be used and their likely dosing rates are known to a 
reasonable level of certainty. Conduct the testing following the 
principles contained in the USEPA, APHA and ASTM protocols at a 
NATA accredited laboratory in accordance with the protocols set out in 
ANZECC/ARMCANZ (2000) whole effluent toxicity protocols, at 
various concentration levels as stated in the Water Quality 
Management Plan. Report the results of WET testing as described in 
commitment 10.1 to the DoE. Conduct WET testing of the high salinity 
seawater discharge as described in commitment 10.1 above 12 
months after commissioning. “ 
 
1.2 Selected WET Tests and Laboratory 
 
All WET tests were performed at Geotechnical Services’ (Geotech) 
Fremantle Ecotoxicology Laboratory. All bioassays performed by 
Geotech in 2007 are NATA accredited. As Geotech works to a Quality 
Management System and is a private company all protocols are 
commercial-in-confidence and are controlled documents, which 
precludes publication in a public document. Summaries of the 
protocols have been included in this document. 
 
The toxicity of both the 2006 and 2007 RO brine samples were 
assessed using the following tests: 
 
− 72 hour algal growth test using the unicellular algae Isochrysis 

galbana.  
 
− 72 hour macroalgal germination assay using the brown kelp 

Ecklonia radiata. 
 
− 48 hour mussel larval development using the blue mussel Mytilis 

edulis 
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− 28 day copepod reproduction test using the copepod Gladioferens 
imparipes. 

 
− 7 day larval fish growth test using the marine fish pink snapper, 

Pagrus auratus. 
 
 
1.3 Rationale of Selected WET tests 
 
The use of living test organisms is the only reliable way to measure the 
potential biological impacts of a sample. For maximum sensitivity of 
the WET tests, the organisms selected for testing must be relevant to 
or indigenous to the receiving ecosystem or appropriate surrogates. 
Summaries of the following tests are located in Appendix 1.  

 
1.3.1 Microalgae 
Unicellular alga form the base of the food chain in the marine system. 
These alga are primary producers in the marine system and provide 
food for larval, juvenile and adult crustaceans and molluscs. The 
microalgal specie Isochrysis galbana was selected as the microalgal 
species to assess the toxicity of the brine. Isochrysis sp. have been 
commonly used in toxicity tests throughout Australia for the past 15 
years and, therefore, a large amount of information on these species is 
available (Evans etal. 2000).  

 
1.3.2 Macroalgae 
The marine macroalga Ecklonia radiata provides both food and habitat 
for a range of other organisms in near-shore coastal areas. E. radiata 
is common along the temperate Western Australian coast. Toxicity 
tests using E. radiata have been performed on marine discharges 
throughout temperate Australia (Bidwell et al. 1998, Burridge et al. 
1999).   
 
1.3.3 Mussel 
The blue mussel, Mytilis edulis, is a first order consumer, filtering 
bacteria, microalgae and other small particles from the water column. 
M. edulis is found in temperate waters throughout the world and in 
Western Australia is found south of Geraldton. A large population of 
mussels developed in Cockburn sound during the 1970s due to an 
increase in nutrients in the Sound. In addition to the wild population of 
mussels in the Sound there is now aquaculture of mussels in the 
Sound. Cockburn Sound is the major mussel farming area in Western 
Australia. M. edulis has been used in toxicity tests throughout the 
world since 1980 and methodology follows the ASTM E724-98 (ASTM 
1998). 
 
1.3.4  Copepod 
Copepods are a major part of the marine food chain as they represent 
a first order consumer and they, in turn, provide food for larval fish and 
crustaceans. The Swan River copepod Gladioferens imparipes was 
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selected to represent copepod species in the marine environment. The 
copepod culture used has been maintained in full strength seawater 
for 5 years. Toxicity testing has been performed on this species for the 
last 15 years, therefore, a large amount of information is available 
(Evans et al 2000).  
 
As marine copepods are normally in the surface water and moved by 
the currents and tide the amount of exposure that they will get to the 
RO brine discharge plume will be minimal. The reproduction test is a 
worst case scenario where the copepods are exposed for the duration 
of their life. A pulse exposure test provides a more accurate 
representation of exposure risk to planktonic copepod species.  The 
copepods were exposed to the RO brine as neonates to several time 
durations. The most appropriate duration representing the exposure to 
the brine plume in Cockburn Sound was selected for use in the 
BurrliOZ species protection calculation. 
 
1.3.4 Larval Fish 
The pink snapper, Pagrus auratus, is a temperate marine fish 
commonly found associated with reefs. P. auratus is commonly found 
in Cockburn Sound where it spawns in spring and the larvae and 
juveniles find appropriate habitat and food within the seagrass beds to 
grow. As such, Cockburn Sound is an important habitat for P. auratus 
and the fish is recreationally and ecologically important in the area. 
Methodology for the larval fish growth test follows that of USEPA 
Method 1004.0 Sheepshead Minnow Larval Survival and Growth Test 
(USEPA 2003b).  
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2. Reverse Osmosis Brine and Diluent 
 
2.1 RO Brine 
 
The RO brine samples were collected transported to the Geotech’s 
Welshpool Laboratory on 27th November 2006 and to Geotech’s 
Fremantle Laboratory on the 8th November 2007. Sample details are 
given in Table 2.1 for the 2006 sample and Table 2.2 for the 2007 
sample. Testing commenced immediately upon receipt of the samples. 
Samples were stored in at 4°C for the duration of the tests. 
Approximately 25 L of brine was collected in a clean polythene 
container for each testing. Each sample was tested as received.   
 
2.2 Diluent  
Seawater from Cockburn Sound was collected on the 26th November 
2006 and the 8th November 2007 for use as the diluent in all tests. The 
2006 Cockburn Sound Water was collected from coordinates S32” 
12.043’, E115” 45.845. The 2007 diluent water was collected from 
coordinates S32’ 08.328’ E 115’ 45.130’.  
 
Table 2.1  Sample Information Sheet of RO Brine ENV 06-289 
Contact Company Water Corporation 
Contact Person Michelle Rhodes 
Contact Phone Number Ph: 08 9420 3681 

Fax: 08 9420 2775 
Contact Address 
 

Level 1 
629 Newcastle St 
Leederville WA 6007 

Number of Samples 1 
Sample Type RO Brine 
Date Sampled 26/11/06               

RO Brine 3:30 pm   Diluent  9:30 am 
Location Collected Cockburn Sound Desalination Plant Brine 

Sampling Point,  Diluent:  Cockburn Sound 
Sampled by  Steve Christie 
Sample pH RO Brine 7.37   Diluent 7.9 
Sample Salinity RO Brine 63 ‰    Diluent 34.3 
Temperature at Sampling RO Brine 23.7ºC     Diluent 21.2ºC      
Transport Conditions In esky on ice direct to Welshpool Lab 
Date of Arrival at Geotech 27th November 2006 
Time of Arrival at Geotech 11:30 am 
Temp on Arrival 4ºC 
Sample Received by Jill Woodworth 
Tests Required Algal Growth 

Macroalgal Germination  
Mollusc Larval Development 
Copepod Reproduction Bioassay 
Larval Fish Growth 
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Table 2.2  Sample Information Sheet of RO Brine ECX07-0811 

Contact Company Water Corporation 
 

Contact Person Gordon Groth 
 

Contact Phone Number Ph: 08 9420 2796 
Fax: 08 9420 3158 

Contact Address 
 

Level 1 
629 Newcastle St 
Leederville WA 6007 

Number of Samples RO Brine+ Cockburn Sound Diluent 
Sample Type RO Brine + Diluent 
Date Sampled 08/11/07 

3:30 pm 
Location Collected Cockburn Sound Desalination Plant Brine 

Sampling Point 
Sampled by  Marc Ferguson 
Sample pH RO Brine 6.98       Diluent   8.11   
Sample Salinity RO Brine 62 ‰   Diluent 35.3 ‰ 
Sample Temperature at 
Sampling 

RO Brine 19.2ºC  Diluent 20.1°C 
 

Transport Conditions In esky on ice direct to Fremantle Lab 
Date of Arrival at Geotech 8th November 2007 
Time of Arrival at Geotech 3 pm 
Sample Received by Jill Woodworth 
Tests Required Algal Growth 

Macroalgal Germination  
Mollusc Larval Development 
Larval Fish Growth 

Comments 
 

Testing as per EMP, Copepod pulse exposure

 
 
 
2.3 Concentrations of RO Brine Tested 
 
Table 2.3 shows all the concentrations of RO brine tested in the WET tests. 
Concentrations vary due to different methodologies for different organisms 
and small test volumes.  Additional variability can occur due to variations in 
the quantity of food added to several of the tests.  
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Table 2.3 2006 and  2007 Actual Concentrations of RO Brine Tested 
 
Test Conc 1 

% 
Brine 

Conc 2 
% 

Brine 

Conc 3 
% 

Brine 

Conc 4 
% 

Brine 

Conc 5 
% 

Brine 

Conc 6 
% 

Brine 

Conc 7 
% 

Brine 

Conc 8 
% 

Brine 
Micro-
algae 

0.65 1.3 2.6 5.2 10.4 20.8 41.6 83.3 

Macro-
algae 

0.8 1.6 3.125 6.25 12.5 25 50 100 

Mussel 
 

0.8 1.6 3.125 6.25 12.5 25 50 100 

Copepod 
2006 

0.65 1.3 2.6 5.2 10.4 20.8 41.6 83.2 

Copepod 
2007 
 

1.5 3.125 6.25 12.5 25 50   

Fish 
 

0.8 1.6 3.125 6.25 12.5 25 50 100 



WATER CORPORATION  REPORT          8th February 2008                                        Page 17 of 72  

WET Testing                                                                                                    Final Report  ECX07-0811 

 
 
 
3. Results 
 
The results for all the toxicity tests on the Perth Desalination Plant RO brine 
for 2006 and 2007 follow in this section and all raw data are shown in 
Appendix 2.  
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 20th February 2007 

Sample Details 

Lab ID No.  ENV06-289 Sample:   RO Brine 
Client:  Water Corporation Date Sampled:  26 / 11 / 2006 
Attn:  Gordon Groth Date Received:  27 / 11 / 2006 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH:  7.37 
 Salinity: 63 ppt 
Phone No. 9420 2796 Test Started:   28 / 11 / 2006  
Mobile: 0409 941 758 Test Finished:  01 / 12 / 2006 
Order No.: 4500308764 Test Temperature:  22 ± 1.0°C 

 

Test Performed Microalgal 
Test Protocol WIENV-45 
Reference  Stauber et al. 1994 
Test Species Isochrysis galbana 
Deviations from Protocol  
 
Algal Test Results 

Concentration  
% Brine 

% Growth of Control 
n = 4 

CS Control 100.0 ± 8.2 
0.65  103.0 ± 5.6  
1.3 105.9 ± 8.8  
2.6 105.0 ± 5.1  
5.2 106.9 ± 6.5  
10.4 112.9 ± 3.9  
20.8 113.9 ± 3.8  
41.6 108.9 ± 7.6  
83.2 110.9 ± 14.8  

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

RO Brine >83.2 >83.2 >83.2 83.2 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Algal Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Copper 47.7 ppb NA NA 

 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 20th February 2006 

Sample Details 

Lab ID No.  ENV06-289 Sample:  RO Brine 
Client:  Water Corporation Date Sampled:  26 / 11 / 2006 
Attn:  Gordon Groth Date Received:  27 / 11 / 2006 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH:  7.37 
 Salinity: 63 ppt 
Phone No. 9420 2796 Test Started:   28 / 11 / 2006  
Mobile: 0409 941 758 Test Finished:  31 / 12 / 2006 
Order No.: 4500308764 Test Temperature:  22 ± 1.0°C 

 

Test Performed Copepod Reproduction  
Test Protocol WIENV-62 
Reference  USEPA 1002.0 Cladoceran 7 Day Reproduction Test  
Test Species Gladioferens imparipes 
Deviations from Protocol Continuous exposure 
 
Copepod Reproduction Test Results 

Concentration Tested  
% Brine 

Av. Neonates / 
Female/Spawn 

n = 4 

Av. Production 
%  

Control 35.6 ± 3.5 100.0 ± 9.8 
0.65 17.1 ±  3.8 48.1 ± 10.7 
1.3 15.6 ± 7.8 46.2 ± 28.7 
2.6 18.5 ± 0.8  52.0 ± 2.1 
5.2 12.8 ± 1.8  35.9 ± 5.1 

10.4 8.7 ± 6.1    24.4 ± 17.2 
20.8 6.9 ± 5.1  19.4 ± 14.2 
41.6 1.6 ± 3.2  4.45 ±  8.90 
83.2 0.0 ± 0.0  0.0 ± 0.0 

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

RO Brine 2.26 0.12 0.65 <0.65 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Copepod Reproduction Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 0.39 ppm NA NA 

 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date:  20th February 2007 

Sample Details 

Lab ID No. ENV06-289 Sample:  RO Brine 
Client:  Water Corporation Date Sampled:  26 / 11 / 2006 
Attn:  Gordon Groth Date Received:  27 / 11 / 2006 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH:  7.37 
 Salinity: 63 ppt 
Phone No. 9420 2796 Test Started:   28 / 11 / 2006  
Mobile: 0409 941 758 Test Finished:  01 / 12 / 2006 
Order No.: 4500308764 Test Temperature:  22 ± 1.0°C 

 

Test Performed Macroalgal Germination 
Test Protocol WIENV-67 
Reference  Burridge et al. 1999 
Test Species Ecklonia Radiata 
Deviations from Protocol Nil 
 
Macroalgal Test Results 

Concentration Tested  
% Brine 

% Germination 
n = 4 

Control 93.3 ± 2.8 
0.78 94.0 ± 1.8 
1.56 92.8  ± 1.7 

3.125 95.3  ± 2.5 
6.25 94.0 ± 2.2 
12.5 87.5  ± 2.9 
25 64 ± 5.5 
50 0.5  ± 0.6 
100 0.0 ± 0.0 

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

RO Brine 28.0 20.9 12.5 6.25 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Macroalgal Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Copper 91.3 ppb NA NA 

 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 20th February 2007 

Sample Details 

Lab ID No. ENV06-289 Sample: RO Brine 
Client:  Water Corporation Date Sampled:  26 / 11 / 2006 
Attn:  Gordon Groth Date Received:  27 / 11 / 2006 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH:  7.37 
 Salinity: 63 ppt 
Phone No. 9420 2796 Test Started:   28 / 11 / 2006  
Mobile: 0409 941 758 Test Finished:  30 / 11 / 2006 
Order No.: 4500308764 Test Temperature:  22 ± 1.0°C 

 

Test Performed Mussel Larval Development 
Test Protocol WIENV-66 
Reference  ASTM E724-98 
Test Species Mytilis edulis 
Deviations from Protocol Nil 
 
Mussel Test Results 

Concentration Tested  
% Brine 

% Normal 
n = 4 

Control 85.0 ± 2.6 
0.75 86.3 ± 4.6 
1.51 84.8  ± 1.9 
3.02 88.3  ± 2.4 
6.05 88.0 ± 2.6 
12.1 74.6  ± 8.9 
24.2 0.75 ± 0.96 
48.4 0.0 ± 0.0 
96.8 0.0 ± 0.0 

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

RO brine 15.1 11.7 12.1 6.05 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Mussel Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Copper 27.4 ppb NA NA 

 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 20/02/07 

Sample Details 

Lab ID No.  ECX07-0811 Sample: RO Brine 
Client:  Water Corporation Date Sampled:  26 / 11 / 2006 
Attn:  Gordon Groth Date Received:  27 / 11 / 2006 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH:  7.37 
 Salinity: 63 ppt 
Phone No. 9420 2796 Test Started:   28 / 11 / 2006  
Mobile: 0409 941 758 Test Finished:  05 / 12 / 2006 
Order No.: 4500308764 Test Temperature:  22 ± 1.0°C 

 

Test Performed Fish  Larval Growth 
Test Protocol WIENV-64 
Reference  USEPA 1004.0 Larval Fish Growth Test 
Test Species Pagrus auratus 
Deviations from Protocol Nil 
 
Larval Fish Test Results 
Concentration Tested  

% Brine 
Av. Length (mm)  

n=30 
% Growth 

n = 30 
Control 6.02 ± 0.16 100.0 ± 10.8 

0.78 5.86 ± 0.15 88.9 ± 10.4 
1.56 5.81 ± 0.17 84.9 ± 11.7 
3.125 5.75 ± 0.17 80.9 ± 11.5 
6.25 5.73 ± 0.16 79.6 ± 10.5 
12.5 5.53 ± 0.16 65.7 ± 11.0 
25 0.0 ± 0.0 0.0 ± 0.0 
50 0.0 ± 0.0 0.0 ± 0.0 

100 0.0 ± 0.0 0.0 ± 0.0 
 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine 14.6 11.0 0.78 <0.78 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Larval Fish Toxicity Test. 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 2.7 ppm NA NA 

 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 30/11/07 

Sample Details 

Lab ID No. ECX07-0811 Sample:  Brine 
Client:  Water Corporation Date Sampled:  08/11/07  
Attn:  Gordon Groth Date Received: 08/11/07 
629 Newcastle St Sampled By:  Marc Ferguson 
Leederville WA 6007 pH:  6.98 
 Salinity: 62 ppt 
Phone No. 9420 2796 Test Started:   16/11/07  
Mobile: 0409 941 758 Test Finished: 19/11/07 
Order No.: 4500308764 Test Temperature: 20°C 

 

Test Performed Microalgal 
Test Protocol WIENV-45 
Reference  Stauber et al. 1994 
Test Species Isochrysis galbana 
Deviations from Protocol Nil 
 
Algal Test Results 

Concentration  
% Brine 

% Growth of Control 
n = 4 

Control 100.1 ± 2.7 
0.65 104.6 ± 6.1  
1.3 104.8 ± 4.2  
2.6 111.5 ± 11.2  
5.2 115.8 ± 8.5  
10.4 128.0 ± 5.1  
20.8 76.3 ± 11.9 
41.6 76.5 ± 8.6 
83.3 54.3 ± 3.9 

 
Sample IC50 

% Brine 
IC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine 81.3 13.7 20.8 10.4 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Algal Toxicity Test. 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Copper 77.9 ppb 31.3 – 113.7 28.4%  

 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 6th December 2007 

Sample Details 

Lab ID No. ECX07-0409 Sample:  Brine 
Client: Water Corporation Date Sampled:  06/09/07 
Attn:  Gordon Groth Date Received: 06/09/07 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH: 7.4 
 Salinity: 60 ppt  
Phone No. 9420 2796 Test Started:   21/09/07  
Mobile: 0409 941 758 Test Finished: 19/10/07 
Order No.: 4500308764 Test Temperature: 22.0°C 
 

Test Performed Copepod Reproduction  
Test Protocol WIENV-62 
Reference  USEPA 1002.0 Cladoceran 7 Day Reproduction Test  
Test Species Gladioferens imparipes 
Deviations from Protocol 24 Hour Pulse in Cockburn Sound Diluent 
 
Copepod Reproduction Test Results 

Concentration Tested  
% Brine 

Av. Neonates / 
female/Spawn 

n = 4 

Av. Production 
% of Controls 

Control 37.3 ± 5.1 100.0 ± 13.7 
1.5 35.0 ± 2.7  93.8 ± 7.3  

3.125 30.9 ± 6.4  82.9 ± 17.1  
6.25 35.1 ± 0.6  94.2 ± 1.7 
12.5 30.8 ± 1.1  82.4 ± 2.8  
25 22.7 ± 2.3 60.8 ± 6.2 
50 0.0 ± 0.0  0.0 ± 0.0  

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine 29.8 16.9 25 12.5 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Copepod Reproduction Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 285 ppb 113 – 325 ppb 24 %  

 
Authorised Signatory: Dr Jill Woodworth 
 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 30/11/07 

Sample Details 

Lab ID No. ECX07-0811 Sample:  Brine 
Client:  Water Corporation Date Sampled:  08/11/07  
Attn:  Gordon Groth Date Received: 08/11/07 
629 Newcastle St Sampled By:  Marc Ferguson 
Leederville WA 6007 pH:  6.98 
 Salinity: 62 ppt 
Phone No. 9420 2796 Test Started:   16/11/07  
Mobile: 0409 941 758 Test Finished: 19/11/07 
Order No.: 4500308764 Test Temperature: 20°C 

 

Test Performed Macroalgal Germination 
Test Protocol WIENV-67 
Reference  Burridge et al. 1999 
Test Species Ecklonia Radiata 
Deviations from Protocol Nil 
 
Macroalgal Test Results 

Concentration Tested  
% Brine 

% Germination 
n = 4 

Control 94.0 ± 2.2 
0.8 94.3 ± 3.1  
1.6 94.5 ± 3.1  

3.125 94.5 ± 2.4  
6.25 95.8 ± 3.0  
12.5 92.5 ± 2.1  
25 94.8 ± 2.2 
50 93.8 ± 3.3 
100 82.3 ± 6.1 

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine >100 92.9 100 50 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Macroalgal Toxicity Test. 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Copper 170 ppb 45 – 210 ppb 32.4%  

 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 30/11/07 

Sample Details 

Lab ID No.  ECX07-0811 Sample:  Brine 
Client:  Water Corporation Date Sampled:  08/11/07  
Attn:  Gordon Groth Date Received: 08/11/07 
629 Newcastle St Sampled By:  Marc Ferguson 
Leederville WA 6007 pH:  6.98 
 Salinity: 62 ppt 
Phone No. 9420 2796 Test Started:   16/11/07  
Mobile: 0409 941 758 Test Finished: 19/11/07 
Order No.: 4500308764 Test Temperature: 20°C 

 

Test Performed Mussel Larval Development 
Test Protocol WIENV-66 
Reference  ASTM E724-98 
Test Species Mytilis edulis 
Deviations from Protocol Nil 
 
Mussel Test Results 

Concentration Tested  
% Brine 

% Normal 
n = 4 

Control 91.0 ± 1.6 
0.8 92.0 ± 3.4  
1.6 93.0 ± 2.6  

3.125 91.5 ± 1.3  
6.25 95.0 ± 2.2  
12.5 91.8 ± 2.2  
25 2.8 ± 1.7 
50 0.0 ± 0.0 
100 0.0 ± 0.0 

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine 17.9 Not Calculated 25 12.5 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Mussel Toxicity Test. 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 5.93 ppm 5.80 – 6.65 ppm 3.39%  

 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 30/11/07 

Sample Details 

Lab ID No.  ECX07-0811 Sample: Brine 
Client:  Water Corporation Date Sampled:  08/11/07  
Attn:  Gordon Groth Date Received: 08/11/07 
629 Newcastle St Sampled By:  Marc Ferguson 
Leederville WA 6007 pH:  6.98 
 Salinity: 62 ppt 
Phone No. 9420 2796 Test Started:   16/11/07  
Mobile: 0409 941 758 Test Finished: 19/11/07 
Order No.: 4500308764 Test Temperature: 20°C 

 

Test Performed Fish  Larval Growth 
Test Protocol WIENV-64 
Reference  USEPA 1004.0 Larval Fish Growth Test 
Test Species Pagrus auratus 
Deviations from Protocol Nil 
 
Larval Fish Test Results 
Concentration Tested  

% Brine 
Av. Length (mm)  

n=30 
% Growth 

n = 30 
Control 4.29 ± 0.04 100.0 ± 12.2 

0.75 4.27 ± 0.06  81.7 ± 7.1  
1.56 4.22 ± 0.04  79.3 ± 10.5  
3.125 4.07 ± 0.07  38.0 ± 18.8  
6.25 4.25 ± 0.06  87.9 ± 15.4  
12.5 4.13 ± 0.14  56.4 ± 38.8  
25 4.06 ± 0.19 35.4 ± 51.9 
50 0.0 ± 0.0 0.0 ± 0.0 

100 0.0 ± 0.0 0.0 ± 0.0 
 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine 19.9 9.6 25 12.5 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Larval Fish Toxicity Test. 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 3.90 ppm 2.30 - 3.91 ppm 13.0 %  

 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date:13th December 2007 

Sample Details 

Lab ID No. ECX07-0409 Sample:  Brine 
Client: Water Corporation Date Sampled:  06/09/07 
Attn:  Gordon Groth Date Received: 06/09/07 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH: 7.4 
 Salinity: 60 ppt  
Phone No. 9420 2796 Test Started:   11/09/07  
Mobile: 0409 941 758 Test Finished: 09/10/07 
Order No.: 4500308764 Test Temperature: 22.0°C 
 

Test Performed Copepod Reproduction  
Test Protocol WIENV-62 
Reference  USEPA 1002.0 Cladoceran 7 Day Reproduction Test  
Test Species Gladioferens imparipes 
Deviations from Protocol 1 Hour Pulse in Cockburn Sound Diluent 
 
Copepod Reproduction Test Results 

Concentration Tested  
% Brine 

Av. Neonates / 
female/Spawn 

n = 4 

Av. Production 
% of Controls 

Control 37.3 ± 5.1 100.0 ± 13.7 
1.5 37.0 ± 3.8 99.2 ± 10.1  

3.125 31.7 ± 5.7 84.9 ± 15.3  
6.25 29.9 ± 4.1 80.1 ± 10.9 
12.5 29.3 ± 2.7  78.6 ± 7.4  
25 29.8 ± 0.7 79.9 ± 2.0 
50 26.2 ± 2.3  70.1 ± 6.0  

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine >100 4.8 50 25 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Copepod Reproduction Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 285 ppb 113 – 325 ppb 24 %  
 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
 

                      
 
 



WATER CORPORATION  REPORT          8th February 2008                                        Page 29 of 72  

WET Testing                                                                                                    Final Report  ECX07-0811 

 
 

                                                 
GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 13th December 2007 

Sample Details 

Lab ID No. ECX07-0409 Sample:  Brine 
Client: Water Corporation Date Sampled:  06/09/07 
Attn:  Gordon Groth Date Received: 06/09/07 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH: 7.4 
 Salinity: 60 ppt  
Phone No. 9420 2796 Test Started:   10/09/07  
Mobile: 0409 941 758 Test Finished: 08/10/07 
Order No.: 4500308764 Test Temperature: 22.0°C 
 

Test Performed Copepod Reproduction  
Test Protocol WIENV-62 
Reference  USEPA 1002.0 Cladoceran 7 Day Reproduction Test  
Test Species Gladioferens imparipes 
Deviations from Protocol 2 Hour Pulse in Cockburn Sound Diluent 
 
Copepod Reproduction Test Results 

Concentration Tested  
% Brine 

Av. Neonates / 
female/Spawn 

n = 4 

Av. Production 
% of Controls 

Control 37.3 ± 5.1 100.0 ± 13.7 
1.5 36.6 ± 7.6 98.2 ± 20.4  

3.125 34.6 ± 4.7 95.4 ± 7.6  
6.25 27.8 ± 7.6  70.2 ± 13.0 
12.5 30.5 ± 7.8  81.7 ± 21.0  
25 26.3 ± 4.7 70.6 ± 12.7 
50 29.0 ± 0.0  77.7 ± 0.0  

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine >100 4.2 >50 50 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Copepod Reproduction Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 285 ppb 113 – 325 ppb 24 %  
 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 13th December 2007 

Sample Details 

Lab ID No. ECX07-0409 Sample:  Brine 
Client: Water Corporation Date Sampled:  06/09/07 
Attn:  Gordon Groth Date Received: 06/09/07 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH: 7.4 
 Salinity: 60 ppt  
Phone No. 9420 2796 Test Started:   10/09/07  
Mobile: 0409 941 758 Test Finished: 08/10/07 
Order No.: 4500308764 Test Temperature: 22.0°C 
 

Test Performed Copepod Reproduction  
Test Protocol WIENV-62 
Reference  USEPA 1002.0 Cladoceran 7 Day Reproduction Test  
Test Species Gladioferens imparipes 
Deviations from Protocol 4 Hour Pulse in Cockburn Sound Diluent 
 
Copepod Reproduction Test Results 

Concentration Tested  
% Brine 

Av. Neonates / 
female/Spawn 

n = 4 

Av. Production 
% of Controls 

Control 37.3 ± 5.1 100.0 ± 13.7 
1.5 34.4 ± 3.9  85.8 ± 23.3  

3.125 36.3 ± 1.0  97.4 ± 2.7  
6.25 32.5 ± 5.7  87.1 ± 15.5 
12.5 36.8 ± 3.5  98.6 ± 9.8  
25 24.8 ± 3.3 66.6 ± 8.9 
50 27.8 ± 6.4  74.6 ± 17.1  

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine >100 13.3 25 12.5 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Copepod Reproduction Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 285 ppb 113 – 325 ppb 24 %  
 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
 

                      
 



WATER CORPORATION  REPORT          8th February 2008                                        Page 31 of 72  

WET Testing                                                                                                    Final Report  ECX07-0811 

                                                 
GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 13th December 2007 

Sample Details 

Lab ID No. ECX07-0409 Sample:  Brine 
Client: Water Corporation Date Sampled:  06/09/07 
Attn:  Gordon Groth Date Received: 06/09/07 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH: 7.4 
 Salinity: 60 ppt  
Phone No. 9420 2796 Test Started:   14/09/07  
Mobile: 0409 941 758 Test Finished: 13/10/07 
Order No.: 4500308764 Test Temperature: 22.0°C 
 

Test Performed Copepod Reproduction  
Test Protocol WIENV-62 
Reference  USEPA 1002.0 Cladoceran 7 Day Reproduction Test  
Test Species Gladioferens imparipes 
Deviations from Protocol 8 Hour Pulse in Cockburn Sound Diluent 
 
Copepod Reproduction Test Results 

Concentration Tested  
% Brine 

Av. Neonates / 
female/Spawn 

n = 4 

Av. Production 
% of Controls 

Control 37.3 ± 5.1 100.0 ± 13.7 
1.5 38.4 ± 1.1  103.0 ± 2.9  

3.125 39.2 ± 5.1  105.0 ± 13.7  
6.25 34.2 ± 6.3  91.6 ± 16.9 
12.5 45.3 ± 10.1  121.4 ± 27.0  
25 37.5 ± 3.5 100.5 ± 9.5 
50 34.5 ± 0.7  92.5 ± 1.9  

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine 65.1 Not Calculated >50 50 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Copepod Reproduction Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 285 ppb 113 – 325 ppb 24 %  
 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 13th December 2007 

Sample Details 

Lab ID No. ECX07-0409 Sample:  Brine 
Client: Water Corporation Date Sampled:  06/09/07 
Attn:  Gordon Groth Date Received: 06/09/07 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH: 7.4 
 Salinity: 60 ppt  
Phone No. 9420 2796 Test Started:   19/09/07  
Mobile: 0409 941 758 Test Finished: 17/10/07 
Order No.: 4500308764 Test Temperature: 22.0°C 
 

Test Performed Copepod Reproduction  
Test Protocol WIENV-62 
Reference  USEPA 1002.0 Cladoceran 7 Day Reproduction Test  
Test Species Gladioferens imparipes 
Deviations from Protocol 16 Hour Pulse in Cockburn Sound Diluent 
 
Copepod Reproduction Test Results 

Concentration Tested  
% Brine 

Av. Neonates / 
female/Spawn 

n = 4 

Av. Production 
% of Controls 

Control 37.3 ± 5.1 100.0 ± 13.7 
1.5 42.1 ± 7.9  103.4 ± 28.1  

3.125 31.5 ± 0.0  84.5 ± 0.0  
6.25 30.0 ± 5.0  80.4 ± 13.4 
12.5 33.0 ± 7.0  88.5 ± 18.8  
25 33.9 ± 6.1 90.8 ± 16.4 
50 0.0 ± 0.0  0.0 ± 0.0  

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine 29.2 Not Calculated 50 25 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Copepod Reproduction Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 285 ppb 113 – 325 ppb 24 %  
 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 6th December 2007 

Sample Details 

Lab ID No. ECX07-0409 Sample:  Brine 
Client: Water Corporation Date Sampled:  06/09/07 
Attn:  Gordon Groth Date Received: 06/09/07 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH: 7.4 
 Salinity: 60 ppt  
Phone No. 9420 2796 Test Started:   21/09/07  
Mobile: 0409 941 758 Test Finished: 19/10/07 
Order No.: 4500308764 Test Temperature: 22.0°C 
 

Test Performed Copepod Reproduction  
Test Protocol WIENV-62 
Reference  USEPA 1002.0 Cladoceran 7 Day Reproduction Test  
Test Species Gladioferens imparipes 
Deviations from Protocol 24 Hour Pulse in Cockburn Sound Diluent 
 
Copepod Reproduction Test Results 

Concentration Tested  
% Brine 

Av. Neonates / 
female/Spawn 

n = 4 

Av. Production 
% of Controls 

Control 37.3 ± 5.1 100.0 ± 13.7 
1.5 35.0 ± 2.7  93.8 ± 7.3  

3.125 30.9 ± 6.4  82.9 ± 17.1  
6.25 35.1 ± 0.6  94.2 ± 1.7 
12.5 30.8 ± 1.1  82.4 ± 2.8  
25 22.7 ± 2.3 60.8 ± 6.2 
50 0.0 ± 0.0  0.0 ± 0.0  

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine 29.8 16.9 25 12.5 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Copepod Reproduction Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 285 ppb 113 – 325 ppb 24 %  
 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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GEOTECHNICAL SERVICES 

Ecotoxicology Laboratory Test Report 
Report Date: 6th December 2007 

Sample Details 

Lab ID No. ECX07-0409 Sample:  Brine 
Client: Water Corporation Date Sampled:  08/11/07 
Attn:  Gordon Groth Date Received: 08/11/07 
629 Newcastle St Sampled By:  Steve Christie 
Leederville WA 6007 pH: 6.98 
 Salinity: 62 ppt  
Phone No. 9420 2796 Test Started:   11/10/07  
Mobile: 0409 941 758 Test Finished: 11/11/07 
Order No.: 4500308764 Test Temperature: 22.0°C 
 

Test Performed Copepod Reproduction  
Test Protocol WIENV-62 
Reference  USEPA 1002.0 Cladoceran 7 Day Reproduction Test  
Test Species Gladioferens imparipes 
Deviations from Protocol 2 x 10 minute exposures for 2 days 
 
Copepod Reproduction Test Results 

Concentration Tested  
% Brine 

Av. Neonates / 
female/Spawn 

n = 4 

Av. Production 
% of Controls 

Control 42.9 ± 3.9 100.0 ± 9.2 
0.75 42.4 ± 3.0  98.8 ± 7.0  
1.5 46.2 ± 6.4  107.6 ± 14.9  

3.125 38.7 ± 3.2  90.3 ± 7.4  
6.25 43.0 ± 8.5  100.3 ± 19.7  
12.5 41.5 ± 5.8  96.9 ± 13.4  

 
Sample EC50 

% Brine 
EC10 

% Brine 
LOEC 

% Brine 
NOEC 

% Brine 

Brine >100 48.8 >12.5 12.5 
Results apply to the sample in the condition as received by Geotech 
 
Quality Assurance Limits for the Copepod Reproduction Toxicity Test. 
 
 EC50  Cusum Chart Limits Coefficient of 

Variation 

Chromium 285 ppb 113 – 325 ppb 24 %  
 
Authorised Signatory: Dr Jill Woodworth 

 
Laboratory Manager 
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4.  Species Protection Trigger Values 
 
4.1. Introduction 
 
Following the protocol outlined in ANZECC and ARMCANZ (2000) 99%, 95%, 
90% and 80% species protection trigger values were calculated using the 
EC10, EC5 and NOEC data from five chronic bioassays for the RO brine from 
the Perth Seawater Desalination Plant discharging into Cockburn Sound at 
plant commissioning in November 2006 and 12 months after commissioning in 
November 2007. The RO brine bioassays were performed on species 
indigenous to, or surrogate to, the receiving ecosystem. These values are 
shown in Table 4.1 (2006 data) and Table 4.5 (2007 data). 
 
It is important to note that the use of NOEC values is not recommended for 
the calculation of species protection trigger values, as has been done in the 
past when only NOEC values were available. This was pointed out in 
ANZECC and ARMCANZ (2000) which stated that methods used to derive the 
trigger values are not data specific as long as only one type of data is used. 
Therefore, trigger values can be derived using EC10 values if there were 
sufficient data (Warne 1998). ANZECC and ARMCANZ (2000) also suggest 
that the use of NOEC data be phased out as EC10 data becomes available.   
 
The use of toxicity values that correspond to a fixed biological effect (eg an 
LC5 or EC10) that would be calculated using regression analysis is 
recommended. The NOEC is an inappropriate number to use for regulatory 
purposes for the reasons discussed in Chapman (2005). Problems with the 
use of NOEC and LOEC data revolve around the fact that these values are 
determined using hypothesis based statistical techniques. Specifically the 
problems are that: 
 

• Only tested concentrations can be NOEC or LOEC values (therefore 
the NOEC and LOEC are, to a large degree, affected by the 
concentrations used in the toxicity test), 

 
• The NOEC title is misleading. A NOEC is the highest concentration 

used in a toxicity test that causes an effect not significantly different to 
the control(s). It therefore does not correspond to ‘no effect’. Typically, 
the NOEC corresponds to a 10 to 30% effect (Hoekstra and Van 
Ewijk, 1993, Moore and Caux, 1997, USEPA, 1991). 

 
Further, usually there is a high level of statistical uncertainty associated with 
the EC/IC5 values making these values inappropriate for use in the BurrliOZ 
statistics package for calculation of protection/dilution values (Chapman 
2005).  
 
Values in Tables 4.1 and 4.5  were placed in the BurrliOZ software to 
calculate trigger values designed to protect 99%, 95%, 90% and 80% of the 
species from adverse effects during exposure to the RO brine plume from the 
desalination plant entering Cockburn Sound. It is important to note that, the 
number of data points used (5) is regarded as small for statistical analysis 
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and, therefore, these results generated using the BurrliOZ program should be 
interpreted with caution. The trigger values calculated for 2006 at plant 
commissioning are shown in Tables 4.2, 4.3 and 4.4. The trigger values 
calculated for 2007 at 12 months after commissioning are shown in Tables 
4.6, 4.7 and 4.8. The graphs for the species protection trigger values for 2006 
and 2007 are shown in Appendix 3. 
 
The dilution factors calculated for the 99% species protection value using the 
EC10 values will theoretically result in only 1% of the exposed species 
showing a 10% reduction in growth or reproduction if those levels are 
exceeded outside the mixing zone.  
 
4.2. Methodology 
 
The BurrliOZ software was developed by the CSIRO Environmetrics Group for 
Environment Australia to implement ANZECC and ARMCANZ (2000) 
requirements to generate species protection trigger values (ie the maximum 
concentration of a chemical that should permit the integrity and function of 
aquatic environments to be maintained) for local conditions within Australia. 
BurrliOZ uses a flexible family of distributions, the Burr Type III, to estimate 
the protecting concentrations of chemicals such that a given percentage of 
species will not be adversely affected (Campbell et al. 2000) 
 
4.3. Results 
 
Table 4.1. 2006 EC/IC10, EC/IC5 and NOEC Results used in 
BurrliOZ 
 
Test EC/IC 10/NOEC 

% Brine  
EC/IC 5 
% Brine  

NOEC 
% Brine  

72 Hour Algal  83.2 
 

83.2 
 

83.2 
 

72 Hour 
Macroalgal   

20.9 
 

19.2 
 

6.3 
 

48 Hour 
Mussel 

11.7 
 

10.9 
 

6.1 
 

Copepod 
Reproduction  
Continuous 

 
0.45* 

 
0.23** 

 

 
0.45*** 

7 Day Larval 
Fish Growth  

11.0 
 

10.2 
 

11.0*** 
 

*EC50 divided by 5 ≡  EC10  (ANZECC and ARMCANZ 2000, Warne 
2001) 
**EC50 divided by 10 ≡ EC5 (ANZECC and ARMCANZ 2000, Warne 
2001) 
*** EC10 ≡ NOEC (Hoekstra and Van Ewijk 1993, Moore and Caux 
1997, USEPA 1991)  
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Table 4.2   2006 BurrliOZ  EC/IC10 Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

0.03 3,333 

95 0.37 
 

270 

90 1.07 
 

93 

80 3.12 
 

32 

 
 
Table 4.3   2006 BurrliOZ  EC/IC5 Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

0.01 10,000 

95 0.2 
 

500 

90 0.67 
 

149 

80 2.3 
 

43 

 
Table 4.4   2006 BurrliOZ  NOEC Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

0.06 1,666 

95 0.37 
 

270 

90 0.84 
 

119 

80 1.95 
 

51 
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 Table  4.5 2007 EC/IC10, EC/IC5 and NOEC Results used in 
BurrliOZ for Species Protection Trigger Values 
 
Test EC/IC10/NOEC 

% Brine  
EC5 

% Brine  
NOEC 

% Brine  
72 Hour Algal   

13.7 
 

12.1 
 

10.4 

72 Hour 
Macroalgal   

 
92.9 

 
77.4 

 
50 

48 Hour 
Mussel 

 
12.5 

 
12.5 

 
12.5 

Copepod 
Reproduction  
24 Hour Pulse 

 
5.9* 

 
3.0** 

 
12.5 

7 Day Larval 
Fish Growth  

9.6 7.8 12.5 

 
*EC50 divided by 5 ≡  EC10  (ANZECC and ARMCANZ 2000, Warne 
2001) 
**EC50 divided by 10 ≡ EC5 (ANZECC and ARMCANZ 2000, Warne 
2001) 
 
Table 4.6    2007 BurrliOZ  EC/IC10 Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

6.64 15.1 

95 8.15 
 

12.3 

90 9.23 
 

10.8 

80 10.93 
 

9.2 
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Table 4.7  2007 BurrliOZ  EC/IC5 Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

1.98 50.5 

95 2.87 
 

34.8 

90 3.60 
 

27.8 

80 4.92 
 

20.3 

 
Table 4.8  2007 BurrliOZ  NOEC Species  Protection Trigger Values 
 
Protection 
Level with 

50% 
confidence 

Protection Value
% Brine 

Dilution Factor 

99 
 

7.91 12.6 

95 9.02 
 

11.1 

90 9.78 
 

10.2 

80 10.92 
 

9.2 

 
 
4.4  Discussion 
 
4.4.1 RO Brine Toxicity 
The RO brine showed similar toxicity to most species when compared to the 
previous tests performed on pilot plant RO brine and simulated brine in 2005. 
However, the RO Brine tested in 2006 showed higher toxicity in the copepod 
reproduction test than was observed in the 2005 tests. The 2005 test using a 
pilot plant RO plant discharge produced an EC50 of 13.3% Brine, whereas, 
the test on the RO brine from the Cockburn Sound Desalination Plant in 2006 
showed an EC50 of 2.24% Brine. This is the only toxicity test that has shown 
a significant increase in toxicity from the preliminary testing performed in 
2005.  During 2007 a project was undertaken to determine the appropriate 
exposure period for the copepods, taking into account the biology and the tide 
and current movements in Cockburn Sound. The results from this study are 
shown in Table 2 in the Executive Summary and Section 3: Results. 
 
The RO brine showed a decrease in toxicity from 2006 to 2007 with no toxicity 
being detected in the macroalga Ecklonia radiata test in 2007. The larval fish 
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growth test and the mussel larval development test showed similar toxicities in 
both 2006 and 2007. As chemical analysis of the RO brine and Cockburn 
seawater was not undertaken in 2007, it is difficult to attribute any changes in 
toxicity to a particular constituent of the RO brine. However, based on these 
results from 2006 and 2007, the species tested are appropriate for calculating 
the species protection values using the BurrliOZ statistics package as a wide 
range of sensitivities were tested.  
 
4.4.2 Copepod Tests 
Previous copepod reproduction bioassays in 2005 and 2006 exposed the 
copepods to the RO brine for the entire duration of the test (28 – 30 days). 
That represented a worst case scenario, where the copepods are living in the 
discharge plume. This is a scenario which is extremely unlikely to occur in 
Cockburn Sound as neonate copepods are zooplankton.  Copepods at risk of 
being exposed to the RO brine discharge in Cockburn Sound would be 
planktonic species and the duration of exposure would be in the order of 
minutes as discussed in Yeates et al. (2006).  From the results in Table 2 the 
16 hour and 24 hour  pulse exposures show similar toxicities. The 24 hour 
exposure was selected for use in the species protection trigger level 
calculations as it represents an environmentally realistic exposure in 
Cockburn Sound on days with low wind and tidal movement.  
 
Even though the 24 hour pulse exposure was selected to represent an 
appropriate (though at times overestimating) exposure, the EC10 generated 
by the results (shown on page 19) is not reliable (Warne 2008). To overcome 
this, ANZECC and ARMCANZ (2000) recommend that a conversion factor of 
five is used to convert EC50 data to NOEC data (Warne 2001). As the EC10 
is considered to be equivalent to the NOEC (Warne 2008), this conversion 
factor can be used to calculate an EC10 value from a reliable EC50 value 
(Moore and Caux 1997, USEPA 1991, Hoekstra and Van Ewijk 1993). Warne 
(2008) has shown that the use of the conversion factor will result in more 
conservative dilution factors when compared to using the EC50 value in the 
calculations and has stated that this is the most appropriate approach to use. 
This approach has also been used for the 2006 copepod data which showed 
a similar unreliable EC10 value. Therefore, copepod results shown in Tables 
4.1 and 4.5 consist of; 

• the EC10 value equivalent to the EC50 value divided by five and  
• the  EC5 value equivalent  to the EC50 divided by 10. 

 
The results from the 2006 microalgal tests show that the alga is probably 
using the constituents in the RO brine as nutrients as there was increased 
growth in the low and mid concentrations of brine tested. This may have 
implications for the copepod test as algae is added as a food source for the 
copepods and increased algal growth may slightly increase the availability of 
food within the test in low to mid concentrations. However, as water changes 
occur daily in the copepod test, algal concentrations within the replicates may 
not increase to a level where they impact on the test. If algal growth does 
increase in the copepod tests, then the nutrients may also be masking toxic 
effects in the 2006 copepod test.  This will not impact on the pulse exposure 
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copepod tests performed in 2007 as no RO brine was added after the initial 
pulse. 
 
4.4.3 Species Protection Values at Commissioning 
The 2006 results listed in Tables 4.2, 4.3 and 4.4 show  the concentrations of 
RO brine in the water column that will meet the species protection trigger level 
for a 99%, 95%, 90% and 80% species protection level and the dilutions 
required to meet these levels. However, the continuous exposure of the 
copepods to the RO brine during the 28 days of the test overestimated the 
amount of exposure that copepods would encounter passing through the 
plume in Cockburn Sound. As discussed above, subsequent testing has 
shown that a 24 hour exposure was representative of a realistic exposure in 
Cockburn Sound on days with low wind and tidal movement. Therefore, the 
species protection trigger values from 2006 overestimate the toxicity of the 
RO brine in Cockburn Sound.  
 
4.4.4 Species Protection Values 12 Months After Commissioning 
The 2007 results listed in Tables 4.6, 4.7 and 4.8 show the concentrations of 
RO brine in the water column that will meet the species protection trigger level 
for a 99%, 95%, 90% and 80% species protection level and the dilutions 
required to meet these levels. The diffuser at the desalination plant has 
always delivered at least a 45 fold dilution factor at 50 metres from the diffuser 
for all flow rates: 54 fold for 1/3 flow, 59.5 fold for 2/3 flow and 61.4 fold for full 
flow (Okely et al. 2007). Therefore, the 80% (LEPA) and 90% (MEPA) species 
protection trigger values will be met with a safety margin in all the scenarios 
listed above. 
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Summary 1.1  Test Conditions for the Unicellular Algal Growth Test 
 
Test type Static  

Test organism 
Isochrysis galbana (Tahitian isolate) 

Source of test organism Laboratory Culture 

Age of test organisms 5 day old culture 

Salinity 34.2 - 63  ppt 

Temperature 21 ± 1.0 °C 

Light Ambient laboratory illumination 

Photoperiod 12 hour light / 12 hour dark 

Test chamber size 3.2 mL 

Test solution volume 3 mL 

Renewal of test solutions nil 

Volume of algae per test chamber 500 µL 

No of replicates per concentration 4 

Dilution water Cockburn Sound filtered  seawater 

Test concentrations  0, 0.65, 1.3, 2.6, 5.2, 10.4, 20.8, 41.6 

and 83.3 % Brine 

Test duration 72 Hours 

Endpoints Inhibition of growth when compared 
with controls 

Test acceptability criteria Reference Toxicant EC50 between 

Cusum Chart limits 
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Summary 1.2  Test Conditions for the Macroalgae Germination Test 
 
Test type Static  

Test organism Ecklonia radiata 

Age of test organisms Newly released gametes 

Source of test organisms Point Peron 

Date collected 28/11/06 & 16/11/07 

Salinity 34.2 - 63 ppt 

Temperature 21 ± 1.0 °C 

Light Ambient laboratory illumination 

Photoperiod 12 hour light / 12 hour dark 

Test chamber size 25 mL 

Test solution volume 20 mL 

Renewal of test solutions nil 

No zygotes per test chamber Minimum of 100 

No of replicates per concentration 4 

Dilution water Cockburn Sound filtered  seawater 

Test concentrations  0, 0.8, 1.6, 3.2, 6.3, 12.5, 25, 50, 

100% Brine 

Test duration 72 hours 

Endpoints Number of zygotes with germination 
tubes 

Test acceptability criteria 80% or greater germination in the 

controls and Reference Toxicant 

EC50 between Cusum Chart limits 
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Summary 1.3  Test Conditions for the Mollusc Larval Development Test 
 
Test type Static  

Species tested Blue Mussel: Mytilis edulis 

Age of test organisms Fertilized zygotes 

Source of test organisms Blue Lagoon Mussels, Cockburn 

Sound 

Salinity 34.2 - 63 ppt 

Temperature 21± 1.0 °C 

Light Ambient laboratory illumination 

Photoperiod 12 hour light / 12 hour dark 

Test chamber size 3.5 mL 

Test solution volume 3 mL 

Renewal of test solutions nil 

No zygotes/larvae per test chamber Minimum of 100 

No of replicates per concentration 4 

Dilution water Cockburn Sound filtered  seawater 

Test concentrations  0, 0.8, 1.6, 3.2, 6.3, 12.5, 25, 50, 

100% Brine 

Test duration 48 hours 

Endpoints 
 

Percentage of normal larvae 

Test acceptability criteria 80% or greater normal larvae in the 

controls and Reference Toxicant 

EC50 between Cusum Chart limits 
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Summary 1.4  Test Conditions for the Copepod Reproduction 28 Day 
Test 
 
Test type Static Renewal 

Test organism Gladioferens imparipes 

Age of test organisms Newly hatched neonates (<24 hrs 

old) 

Source of test organisms Laboratory culture 

Salinity 34.2 - 63 ppt 

Temperature 21.0 ± 1.0 °C 

Light Ambient laboratory illumination 

Photoperiod 12 hour light / 12 hour dark 

Test chamber size 3.2 mL 

Test solution volume 3 mL 

Renewal of test solutions 100 % Brine / day 

No Adults per test chamber 2 

No of replicates per concentration 4-6 

Source of food Isochrysis galbana 

Feeding regime Fed 0.5 mL algae once/day 

Cleaning Siphon daily prior to test solution 
renewal and feeding 

Aeration None 
Dilution water Cockburn Sound  filtered  seawater 

Test concentrations  0, 1.5, 3.125, 6.25, 12.5, 25 and 50 % 

Brine 

Test duration 28 Days 

Pulses Copepods exposed for pulse at <24 
hrs old then clean diluent replaces 
RO Brine for duration of the test 

Endpoints Number of neonates produced by 
female copepod per spawn 

Test acceptability criteria 80% or greater survival in the controls 
and Reference Toxicant EC50 
between Cusum Chart limits 
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Summary 1.6   Test Conditions for the  7 Day Larval Fish Growth Test 
 
Test type Static  

Test organism  Pink snapper: Pagrus auratus  

Source of species Challenger TAFE, Fremantle, WA 

Salinity 34.2 – 63 ppt 

Temperature 21 ± 1.0 °C 

Light Ambient laboratory illumination 

Photoperiod 12 hour light / 12 hour dark 

Test chamber size 500 mL 

Test solution volume 400 mL 

Renewal of test solutions Nil 

Age of test organisms Newly hatched larvae (<24 hrs old) 

No larvae per test chamber 20 

No of replicates per concentration 3 

No larvae per concentration 60 

Source of food Rotifers 

Feeding regime Fed once/day @ 40 / mL from day 3 

Aeration None 

Dilution water Cockburn Sound filtered  seawater 

Test concentrations  0,0.75, 1.6, 3.2, 6.25, 12.5, 25, 50, 
and 100% Brine 

Test duration 7 Days 

Endpoints Growth – measured as total length 

Test acceptability criteria 80% or greater survival in the controls 
and Reference Toxicant EC50 
between Cusum Chart limits 
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APPENDIX 2 
 
 

Summary of Toxicity Test Data 
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Copepod Reproduction Toxcalc Summary Sheet 2006 
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Ecklonia Germination Toxcalc Summary Sheet 2006 
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Mussel Larval Development Toxcalc Summary Sheet 2006 
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Fish Larval Development Toxcalc Summary Sheet 2006 
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Microalgal Growth Toxcalc Summary Sheet 2007 
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Ecklonia Germination Toxcalc Summary Sheet 2007 
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Mussel Larval Development Toxcalc Summary Sheet 2007 
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Copepod Reproduction 24 Hour Pulse Toxcalc Summary Sheet 2007 
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Larval Fish Growth Toxcalc Summary Sheet 2007 
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Copepod Reproduction 2 x 10 minute/day Pulse Exposure 
 



WATER CORPORATION  REPORT          8th February 2008                                        Page 61 of 72  

WET Testing                                                                                                    Final Report  ECX07-0811 

Copepod 1 Hour Pulse Exposure 
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Copepod 2 Hour Pulse Exposure 
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Copepod 4 Hour Pulse Exposure 
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Copepod 8 Hour Pulse Exposure 
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Copepod 16 Hour Pulse Exposure 
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Appendix 3 
 

BURRLIOZ Data 
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2006 BurrliOZ EC/IC10 Results 
ENV06-289 
Perth Desalination Plant Brine 
Protection Values  
 

 
 
PC 99  50% = 0.03   (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
 
 
PC 95  50% = 0.37   (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
 
 
PC 90  50% = 1.07   (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
 
 
PC 80  50% = 3.12   (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
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2006 BurrliOZ EC/IC5 Results 
ENV06-289 
Perth Desalination Plant Brine 
Protection Values  
 
 

 
 
 
PC 99  50% = 0.01   (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
 
PC 95  50% = 0.2  (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
 
PC 90  50% = 0.67  (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
 
PC 80  50% = 2.3  (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
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2006 BurrliOZ NOEC Results 
ENV06-289 
Perth Desalination Plant Brine 
Protection Values  
 
 

 
 
PC 99  50% = 0.06 (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
 
 
PC 95  50% = 0.37 (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
 
 
PC 90  50% = 0.84 (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
 
 
PC 80  50% = 1.95 (501 Bootstrap Samples) 
Burr Type III distribution fitted to 5 observations 
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2007 BurrliOZ EC/IC10 Results 
ECX07-0811 
Perth Desalination Plant Brine 
Protection Values  
 
 
 
 

 
 
 
 
 
PC99 50% = 6.64 (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
 
PC95 50% = 8.15 (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
 
PC90 50% =  9.23 (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
 
PC80 50% =  10.93  (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
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2007 BurrliOZ EC/IC5 Results 
ECX07-0811 
Perth Desalination Plant Brine 
Protection Values  
 
 
 
 

 
 
 
 
 
PC99 50% = 1.98 (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
 
PC95 50% = 2.87 (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
 
PC90 50% =  3.60 (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
 
PC80 50% =  4.92  (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
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2007 BurrliOZ NOEC Results 
ECX07-0811 
Perth Desalination Plant Brine 
Protection Values  
 
 
 
 

 
 
 
 
 
PC99 50% = 7.91 (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
 
PC95 50% = 9.02 (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
 
PC90 50% =  9.78 (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
 
PC80 50% =  10.92  (501 Bootstrap Samples) 
Burr Type III Distribution fitted to 5 observations 
 


