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EXECUTIVE SUMMARY 

 
Farmed Southern Bluefin Tuna (SBT) (Thunnus maccoyii) is an important export product 

for South Australia (SA). It is exported to Japan, China, Korea and the United States for 

the sushi and sashimi markets. The primary purpose of SBT farming in SA is to fatten 

wild-caught juvenile fish (2-4 years of age with initial mean weights between 12-20 kg) 

over a period of approximately five months by feeding a selection of baitfish types. 

Farmers, farm managers and consumers of SBT all have an interest in managing chemical 

residues that have the potential to biomagnify in the fatty tissue of the farmed SBT fillets. 

Of particular interest are chemical residues of polychlorinated biphenyls (PCBs) and 

polychlorinated dibenzo-p-dioxins / dibenzofurans (PCDD/Fs). 

 

This research presents the investigations and experimental validation of a predictive 

model that can be used to address the levels of residues in the fillets of farmed SBT at 

harvest from feeding (as the source) when applied to SBT aquaculture. An additional 

industry-focussed aim of this research was to determine if a Longer Term Holding (LTH) 

farming period, with a duration of an extra 12 months after a typical farming period of 

approximately five months, could produce SBT with higher condition index (CI) and lipid 

content, while keeping levels of PCBs and PCDD/Fs low, compared to the typical 

farming period.  

 

The justification for this research is that an adequate quantitative model is essential to 

help industry achieve targeted concentrations in the final fillet product by making 

scientific-based decisions on baitfish selection (baitfish strategies for the feeding of SBT), 

and longer term, to confidently demonstrate to local markets and importing countries that 

Australia is actively managing levels of PCBs and PCDD/Fs in farmed SBT, to ensure a 

high quality and safe product is delivered to the consumer.  

 

The novelty of this research is underpinned by four integrated stages, and the criteria for 

an adequate model established. The important criteria included: accurate predictions 

versus observed data demonstrated through the analysis of residual plots, potential 

physiological interpretation of model coefficients, parsimony – the model should be as 

simple as possible (but no simpler) and that the model should be easy to use.  



 iv

Firstly, a logical starting point was the development of a risk framework for residues in 

SBT. The developed framework was based on conventional principles of microbiological 

risk assessment highlighted in Codex Alimentarius. The risk framework consists of five 

governing principles: hazard identification, hazard characterisation, exposure assessment, 

risk characterisation and model validation. The advantages of the risk framework is that it 

provides a systematic research approach and permits information to be handled 

unambiguously, especially important for the niche SBT industry where chemical residue 

research is carried out for the first time.  

 

Secondly, because of a lack of available scientific data in context of this research, 

commercial-scale experimental field data for levels of PCBs and PCDD/Fs in typical 

farmed SBT as affected by feeding and growth were collected over 17 months at seven 

time intervals from Farm Delta Fishing Pty Ltd in 2005/06 (n = 50). Field data from 

another commercial company, Farm Alpha Fishing Pty Ltd, was collected over the typical 

farming period specific to this company, spanning 15 weeks at three time intervals in 

2006, for validation work (n = 15). The data obtained from Farm Delta Fishing Pty Ltd 

revealed that whole weight of farmed SBT increased from 18.5 kg to 30.3 kg for a typical 

farming period, and subsequently to 41.0 kg by the end of the LTH farming period. A 

maximum mean CI of 24.0 ± 0.5 kg.m-3 and a maximum mean lipid content of 17.6 ± 

0.5% was achieved at the third time interval of the typical farming period, for the baitfish 

types and ratios used as feed. There were no significant differences in the CI and lipid 

between the final harvests of the typical farming and LTH periods, i.e. even after an 

additional 12 months of farming. PCB and PCDD/F concentrations, however, increased 

between the final harvests of the typical farming and LTH periods. The data indicated that 

a typical farming period was sufficient to achieve a maximum CI and lipid content with 

lower concentrations of PCBs and PCDD/Fs in the fillets relative to the LTH farming 

period.  

 

For the third stage of this research, a quantitative model was synthesised and applied to 

the PCB and PCDD/F (2,3,7,8-TeCDF) data detected in farmed SBT fillets. Assimilation 

efficiencies for PCBs and 2,3,7,8-TeCDF in the fillets of SBT were obtained. An 

assimilation efficiency, or percentage retention (efficiency expressed as a percentage), in 

the fillet of SBT is a measure of the uptake of a chemical residue from food (baitfish) to 

the SBT fillet.  For the WHO-PCBs, assimilation efficiencies based on SBT fillets ranged 
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between 19.1 – 35.3 % with the exception of PCB 169. The highest assimilation 

efficiency of 35.3 %, with a range of 30.4 – 40.3 % (at the 95 % confidence level) was 

attributed to the most toxic PCB congener, PCB 126. An assimilation efficiency of 39.2 

% was determined in SBT fillets for the congener 2,3,7,8-TeCDF, which was higher than 

the assimilation efficiencies determined for the WHO-PCB congeners. A residual plot as 

predicted value versus observed value indicated that the predictive model was neither 

under- or over-parameterised. However, when the predictive model was assessed against 

the data set from Farm Alpha Pty Ltd, the model over-predicted the actual PCB and 

PCDD/F concentrations. The over-prediction is attributed to possible overfeeding of SBT 

farmed by Farm Alpha Fishing Pty Ltd. From a food safety point of view, in the absence 

of ideal predictions because of a lack of ideal validation data sets, an over-prediction 

instead of under-prediction is preferred. 

 

In the fourth stage, the practical application of the predictive model was demonstrated. 

Because SBT fillets are retailed as tissue group-specific, i.e. akami (low fat), chu-toro 

(medium fat) and otoro (high fat) fillets, PCB and PCDD/F analyses were carried out on 

the three tissue groups for selected SBT (n = 7). Dietary modelling on SBT consumption 

in humans was carried out using findings from the predictive model and tissue-specific 

data. The baitfish strategy employed for the feeding of farmed SBT consequently affects 

dietary exposure to SBT consumers. Exposure to PCBs and PCDD/Fs is approximately 

seven times lower for the consumption of a skin-free, boneless akami fillet than for a 

comparable otoro fillet of the same size. This dietary exposure assessment accounted only 

for consumption of SBT tissue-specific fillets. 

 

The experimental field study and modelling work on PCB and PCDD/F concentrations in 

farmed SBT (fillets) outlined in this thesis importantly directs the need to re-evaluate a 

specific model to better cater for SBT farming practices where SBT fillets are produced 

for human consumption. Because conditions that normally pertain to commercial farming 

of wild-caught fish were studied, findings should be of interest to industries where other 

species of fish (for food) are farmed in sea-cages in the open ocean.  



 vi

ACKNOWLEDGEMENTS 
 

At the outset, I would like to express gratitude to my academic supervisors from the 

School of Chemical Engineering, University of Adelaide - Dr Peter J Ashman, Dr David 

M Lewis and Dr Ken R Davey for their patience and time in guiding me throughout my 

research; and to my industry supervisor from the South Australian Research and 

Development Institute (SARDI) Food Innovation and Safety Research (FISR) – Mr Ben J 

Daughtry, for his expert advice, useful insights and help with industry coordination.  

 

I would like to thank Dr Andrew Pointon (Program Leader, Food Innovation and Safety 

Research, SARDI) for giving me the opportunity to work alongside and learn from the 

talented minds of his team, and for leading us into winning the 2006 Premier Science 

Excellence Award and the 2006 South Australian Great Award for Science and 

Technology. I would also like to acknowledge the help of other FISR team members 

including Mr Tom Madigan, Ms Jo Slade, Dr Andreas Kiermeier and Ms Sita Balshaw.  

 

I would like to acknowledge the sponsorship of my research by the Aquafin Cooperative 

Research Centre (CRC) Scholarship Award. This research formed part of a larger project 

of Aquafin CRC, and received funds from the Australian Government’s CRCs Program, 

the Fisheries Research and Development Corporation and other CRC Participants. I 

would also like to acknowledge a Postgraduate Research Abroad Scholarship awarded by 

the University of Adelaide and a Training Support Grant awarded by the Aquafin CRC. 

These awards permitted me to undertake chemical contaminant analysis training at the 

Norwegian National Institute of Seafood Research (NIFES) in Bergen, Norway.   

 

I am deeply grateful and indebted to my parents Jonah and May Phua. I love you both and 

appreciate your constant encouragement and support to pursue my academic dream. 

 

To my wife Rebecca, for her unwavering love, continued patience and all-rounded 

support throughout the years of our relationship – I appreciate, love and thank you. 

 

Finally I am eternally grateful to Lord Jesus Christ for His wisdom, knowledge, comfort 

and friendship all through life’s journeys. I could not have done this without You. 



 vii

TABLE OF CONTENTS 
 

EXECUTIVE SUMMARY iii 

 

ACKNOWLEDGEMENTS vi 

 

REFEREED PUBLICATIONS FROM THIS RESEARCH xiii 

 

PUBLICATIONS PRESENTED FROM THIS RESEARCH xv 

 

CHAPTER 1 INTRODUCTION 1 

 

CHAPTER 2 LITERATURE REVIEW 7 

2.1 Introduction  8 

2.2 Polychlorinated Biphenyls (PCBs) and Polychlorinated dibenzo-p-

dioxins / Polychlorinated dibenzofurans (PCDD/Fs) 9 

2.2.1 Polychlorinated Biphenyls (PCBs) 10 

2.2.2 Polychlorinated dibenzo-p-dioxins and Polychlorinated 

dibenzofurans (PCDD/Fs) 11 

2.3 Toxic Equivalency Factor (TEF) and Toxic Equivalent (TEQ) 

Highlighted by the World Health Organisation (WHO) 14 

2.4 Southern Bluefin Tuna (SBT) 17 

2.5 Modelling (Biomagnification) Studies in Fish 19 

 2.5.1 Chronological Development of a Biomagnification Model 19 

 2.5.2 Fugacity versus Differential Approaches for Modelling 

Biomagnification of PCBs and PCDD/Fs in Fish 26 

 2.5.3 Laboratory Data versus Field Data 27 

 2.5.4 Biomagnification Modelling Approach for this Research 28 

 2.5.5 Other Mechanistic Models 36 

2.6 Summary and Concluding Remarks 40 

 



 viii

CHAPTER 3 DEVELOPMENT OF A NEW RISK FRAMEWORK FOR 

PREDICTING CHEMCIAL RESIDUES IN FISH 42 

3.1 Introduction 43 

3.2 Risk Framework Development 43 

3.2.1 Hazard Identification 44 

3.2.2 Hazard Characterisation 44 

3.2.3 Exposure Assessment 45 

3.2.4 Risk Characterisation 46 

3.2.5 Experimental Validation 46 

 3,3 Findings 47 

3.4 Discussion 47 

 3.4.1 The New Risk Framework 47 

 3.4.2 TEF and TEQ Values 52 

3.5 Important Criteria for an Adequate Model 53 

3.6 Concluding Remarks 54 

 

CHAPTER 4 EXPERIMENTAL DESIGN, METHODS AND MATERIALS 55 

4.1 Introduction 56 

4.2 The Experimental Program 56 

 4.2.1 2005 Typical Farming Period – Farm Delta Fishing Pty Ltd 57 

 4.2.2 2005/06 Longer Term Holding Farming Period – Farm Delta 

Fishing Pty Ltd 60 

 4.2.3 2006 Single Farming Period – Farm Alpha Fishing Pty Ltd 62 

4.3 Post-mortem Standard Operating Procedures for Sampling 64 

 4.3.1 Developed Standard Operating Procedures 64 

4.4 Analytical Techniques – AgriQuality Limited, Wellington, 67 

New Zealand 

4.4.1 Sample Preparation / Soxhlet Extraction 67 

4.4.2 Lipid Determination 68 

4.4.3 PCB and PCDD/F Determination 68 

4.4.4 Laboratory Quality Assurance and Quality Control 70 

4.4.5 Verification and Integrity of Data from Laboratory 70 

4.5 Addressing Method Blanks 70 

4.6 Statistical & Data Analyses and Data Modelling 71 



 ix

 4.6.1 P-value 72 

 4.6.2 Condition Index 72 

4.7 Concluding Remarks 73 

 

CHAPTER 5 LEVELS OF PCBs and PCDD/Fs in THE FARMED SOUTHERN 

BLUEFIN TUNA FILLETS IN RELATION TO CONDITION 

INDEX AND LIPID CONTENT: AN EXPERIMENTAL FIELD 

STUDY 74 

5.1  Introduction 75 

5.2 Methods and Materials 75 

 5.2.1 Baitfish as Feed 76 

5.3 Results 76 

 5.3.1 Whole Weight 76 

 5.3.2 Condition Index 77 

 5.3.3 Lipid Content 77 

 5.3.4 Relationship between Condition Index and Lipid Content 79 

 5.3.5 PCB and PCDD/F TEQ Levels in Fillets 80 

 5.3.6 PCB and PCDD/F Congener Concentrations in Fillets 82 

 5.3.7 Biomagnification Study 90 

5.4 Discussion 91 

 5.4.1 Specific Remarks for the Typical Farming Period 97 

 5.4.2 Specific Remarks for the Longer Term Holding Farming   

 Period 98 

 5.4.3 Biomagnification Factors (BMF) 99 

 5.4.4 Limitation of This Experimental Field Study and Data 100 

5.5 Concluding Remarks 101 

 

CHAPTER 6 MODELLING THE LEVELS OF PCB and PCDD/F IN 

AUSTRALIAN FARMED SOUTHERN BLUEFIN TUNA 104 

6.1 Introduction 105 

6.2 Materials and Methods 106 

 6.2.1 The Modified LCBK Predictive Model 106 

 6.2.2 Model Parameters 107 

 6.2.3 Modelling Package 112 



 x

 6.2.4 Data Set for Model Validation 112 

6.3 Results and Discussion 114 

6.3.1 Spline Modelling to Obtain the Biomass of SBT Fillet in a Sea-

cage 114 

6.3.2 Baitfish as Feed, Feeding and Growth Rates 118 

6.3.3 Investigation into Pooling of Data 122 

6.3.4 The Modified LCBK Predictive Model – Congener Basis  

 Model 122 

6.3.5 Sensitivity Analysis 132 

6.3.6 Model Validation Work 133 

6.3.7 The Modified LCBK Predictive Model – TEQ Basis Model 139 

6.3.8 Congener Profile Study 141 

 6.4 Limitations on This Work 146 

 6.5 Concluding Remarks 147 

 

CHAPTER 7 DIETARY MODELLING USING PREDICTED LEVELS FOR 

HUMAN HEALTH RISK ASSESSMENT 149 

 7.1 Introduction 150 

 7.2 Materials and Methods 151 

  7.2.1 Dietary Exposure Model for Humans 151 

  7.2.2 Tissue Group Sampling and PCB Concentrations 153 

 7.3 Results and Discussion 153 

 7.4 Concluding Remarks 162 

 

CHAPTER 8 CONCLUSIONS AND RECOMMENDATIONS 163 

 8.1 Conclusions 164 

 8.2 Recommendations for Future Research 167 

 

NOMENCLATURE 168 

 

REFERENCES  170



 xi

APPENDICES   

 Appendix A Definition of some important terms used in this study 193 

 Appendix B Abbreviations used in this research 196 

 Appendix C Order of Solution to the Modified LCBK Model and Additional 

   Information on Elimination Phase 198 

 Appendix D Photo of a Sea-cage for a Typical Commercial SBT Farm 202 

 Appendix  E Congener Profiles for Australian Sardines and US Sardines 203 

 Appendix F Trend of Biomagnification for Low Chlorinated PCB Congeners  

  and PCB 206 206 

 Appendix G Trend of Biomagnification for other WHO- PCB Congeners 207 

 Appendix H Trend of Whole Weight for SBT of a Single Age Class 209 

 Appendix  I Left versus Right Fillet Weight (of Sample) for 35 SBT Harvested  

   For the 2005 Typical Farming Period 210 

 Appendix J Event Log for Delta Fishing Pty Ltd for the 2005 Typical Farming  

   Period 211 

 Appendix K Port Lincoln Sea Water Telemetry from 29 March 2005 to 

   6 September 2005 215 

 Appendix L Modelling the Age Class of the Initial Population for Farm Alpha 

   Fishing Pty Ltd   216 

 Appendix  M Trend of Biomagnification for WHO-PCDD/F Congeners in Farmed 

SBT for the 2005 Typical Farming Period and 2005/06 LTH 

Farming Period 217 

 Appendix  N Trend of Biomagnification for WHO-PCDD/F Congeners in Farmed 

SBT for the 2006 Typical Farming Period 222 

 Appendix  O Calculations for Sensitivity Analysis 225 

 Appendix  P Sample R Codes for Modelling and Various Studies 226 

 Appendix  Q Fresh Weight Concentrations (Raw Data) for the 45 PCB Congeners 

and 17 PCDD/F Congeners Analysed in the Fillets of Farmed SBT 

for the 2005 Typical Farming Period 240 

 Appendix  R Fresh Weight Concentrations (Raw Data) for the 45 PCB Congeners 

and 17 PCDD/F Congeners Analysed in the Fillets of Farmed SBT 

for the 2005/06 Longer Term Holding Farming Period 249 

  

 



 xii

Appendix  S Fresh Weight Concentrations (Raw Data) for the 45 PCB Congeners 

and 17 PCDD/F Congeners Analysed in the Fillets of Farmed SBT  

for the 2006 Longer Term Holding Farming Period 255 

Appendix  T Fresh Weight Concentrations (Raw Data) for the 45 PCB Congeners 

and 17 PCDD/F Congeners Analysed in Baitfish for 2005, 2005/06  

and 2006 Farming Periods 261 

Appendix  U Comparison of the TEQ levels determined using the 1998 TEF  

System versus the 2005 TEF System 272

   



 xiii

REFEREED PUBLICATIONS FROM THIS RESEARCH 
 

REFEREED SCIENTIFIC JOURNALS 

 

Phua, S.T.G., Daughtry, B.J., Davey, K.R., (2006). Modelling bioaccumulation of PCB 

TEQ levels in farmed Southern Bluefin Tuna (Thunnus maccoyii). Organohalogen 

Compounds, 68, 631-634. 

 

Phua, S.T.G., Davey, K.R., Daughtry, B.J., (2007). A new risk framework for predicting 

chemical residue(s) - Preliminary research for PCBs and PCDD/Fs in farmed Australian 

Southern Bluefin Tuna (Thunnus maccoyii). Chemical Engineering and Processing 

(Special Issue), 46 (5), 491-496. 

 

Phua, S.T.G., Ashman, P.J., Daughtry, B.J., (2008). Levels of polychlorinated biphenyls 

(PCB) and polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/F) in fillets of 

farmed Southern Bluefin Tuna (Thunnus maccoyii). Chemosphere, 73 (6), 915-922. 

 

Phua, S.T.G., Ashman, P.J., Daughtry, B.J., (2008). Modelling chemical residue levels of 

WHO-TEF polychlorinated biphenyls (PCBs) and WHO-TEF polychlorinated dibenzo-p-

dioxins and dibenzofurans (PCDD/Fs) in the Australian farmed Southern Bluefin Tuna 

(Thunnus maccoyii) fish. Journal of Food Engineering, manuscript prepared, to be 

submitted. 

 

Phua, S.T.G., Ashman, P.J., Daughtry, B.J., (2008). Polychlorinated biphenyl (PCB) 

residue concentrations in the three fillet sections – akami, chu-toro and o-toro, of the 

Southern Bluefin Tuna (Thunnus maccoyii) as affected by farming. Journal of Food 

Protection, in preparation. 

 



 xiv

REFEREED BOOK REVIEW 

 

Phua, S.T.G. (2006). Book Review, Micaela B. Reddy, Raymond, S. H. Yang, Harvey, J. 

Clewell III and Melvin E. Andersen, (Eds.), Physiologically Based Pharmacokinetic 

Modeling, Wiley Interscience Publisher, New Jersey, 2005, 420 pp, Hardcover, Price 

USD 99.95, ISBN 0-471-47814-8. Trends in Food Science and Technology, 17 (7), 386. 

 

REFEREED CONFERENCE PROCEEDING(S) 

 

Phua, S.T.G., Davey, K.R. and Daughtry, B.J., (2005). Framework for modeling chemical 

residuals of polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans 

(PCDD/F)s and polychlorinated biphenyls (PCBs) in Australian ranched southern bluefin 

tuna (Thunnus maccoyii). Proceedings of the 33rd Australasian Chemical Engineering 

Conference, CHEMECA 2005. 25-28 September, Hilton Brisbane, Queensland, Australia, 

paper 411, ISBN 1864998326. 

 

REFEREED INDUSTRY REPORT 

 

Padula, D.J., Daughtry, B.J., Phua, S.T.G., Balshaw, S. (2008). Management of food 

safety hazards in farmed Southern Bluefin Tuna to exploit market opportunities. FRDC 

2004/206 Final Report, in review. 

  



 xv

PUBLICATIONS PRESENTED FROM THIS RESEARCH 
 

INTERNATIONAL CONFERENCES (ABSTRACTS) 

 

Phua, S.T.G., Davey, K.R., Daughtry, B.J., (2005). A preliminary global modelling 

methodology for quantifying PCDD/Fs and co-planar PCBs in Australian ranched 

Southern Bluefin Tuna (Thunnus maccoyii). Poster presented at the World Congress of 

Seafood Safety, Quality and Trade. 14-16 September, Star City, Sydney, Australia, 

Abstract Book, Section 2, poster 14.  

 

Phua, S.T.G., Daughtry, B.J., Padula, D.J., (2005). Modelling of chemical residues in 

Australian marine finfish: Fat or fiction? Paper presented at the 20th Conference of 

Residue Chemists. 4-7 October, Wellington Convention Centre, Wellington, New 

Zealand, Conference Handbook, Special Session, paper 4.  

 

Daughtry, B.J., Phua, S.T.G., Padula, D.J., (2005). Evaluation of different approaches to 

calculate lower bound dioxin and PCB TEQs: Blank detection levels. Paper presented at 

the 20th Conference of Residue Chemists. 4-7 October, Wellington Convention Centre, 

Wellington, New Zealand, Conference Handbook, Special Session, paper 3. 

 

Padula, D.J., Kiermeier, A., Madigan, T., Phua, S.T.G., (2005). A market access guide for 

seafood exporters: International residue standards. Paper presented at the 20th Conference 

of Residue Chemists. 4-7 October, Wellington Convention Centre, Wellington, New 

Zealand, Conference Handbook, Special Session, paper 1. 

 

Phua, S.T.G., Daughtry, B.J., Davey, K.R., (2006). Modelling bioaccumulation of PCB 

TEQ levels in farmed Southern Bluefin Tuna (Thunnus maccoyii). Paper presented at the 

26th International Symposium on Halogenated Persistent Organic Pollutants, DIOXIN 

2006 (Communicating the Science of Halogenated POPs in a Friendly Atmosphere). 21-

25 August, Radisson SAS Scandinavia Hotel, Oslo, Norway, Final Program Handbook, 

Levels in Feed and Food Session, paper O-164. 

 

 



 xvi

Padula, D.J., Daughtry, B.J., Madigan, T., Phua, S.T.G., Balshaw, S. (2006). Residues in 

SA farmed Southern Bluefin Tuna: Research underpinning market access needs. Paper 

presented at the Skretting Australasian Aquaculture Conference. 27-30 August, Adelaide 

Convention Centre, Adelaide, South Australia. Conference Handbook, Tuna Session, 

paper 9. 

 

INDUSTRY WORKSHOPS/SCIENTIFIC MEETINGS 

 

Daughtry, B.J., Phua, S.T.G., Balshaw, S., Madigan, T., Padula, D., (2005). Preliminary 

results for metal residue concentrations in farmed SBT during growout. In: Clarke, S. and 

Ham, J. (Eds), SBT Aquaculture Subprogram Industry Workshop Handbook 2005. 

Aquafin CRC/Southern Bluefin Aquaculture Subprogram/FRDC, 147 pp. SARDI 

Publications No. RD04/0076-3, SARDI Research Report Series No. 144. (Commercial-

in-Confidence) 

 

Phua, S.T.G., Daughtry, B.J., Davey, K.R., Lewis, D.M., Ashman. P.J., (2006). A 

quantitative study on the bioaccumulation of PCB TEQ levels in Southern Bluefin Tuna 

(Thunnus maccoyii) farmed in South Australia. In: Clarke, S. and Ham. J. (Eds), Draft 

SBT Aquaculture Subprogram Industry Workshop Handbook 2006. Aquafin 

CRC/Southern Bluefin Aquaculture Subprogram/FRDC, 77 pp. (Commercial-in-

Confidence) 

 

Daughtry, B.J., Padula, D., Phua, S.T.G., Balshaw, S., Madigan, T. (2006). Modelling 

mercury, PCBs and dioxins in farmed SBT. SBT Aquaculture Subprogram Scientific 

Meeting, June, Boston Bay Winery, Port Lincoln, South Australia.  

 

 

 

 

 

 


	TITLE: EXPERIMENTAL FIELD STUDIES AND PREDICTIVE MODELLING OF PCB AND PCDD/F LEVELS IN AUSTRALIAN FARMED SOUTHERN BLUEFIN TUNA (Thunnus maccoyii)
	EXECUTIVE SUMMARY
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	REFEREED PUBLICATIONS FROM THIS RESEARCH
	PUBLICATIONS PRESENTED FROM THIS RESEARCH


