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When the Australian Government established the four year National Dioxins Program in 
2001, our knowledge about the incidence of dioxins in Australia was very limited.

The aim of the program was to improve this knowledge base so that governments were 
in a better position to consider appropriate management actions.  Starting in mid 2001, a 
range of studies were undertaken which involved measuring emissions from sources 
such as bushfires, as well as dioxin levels in the environment, food and population.  The 
findings of these studies were used to shed light on the risk dioxins pose to our health 
and the environment.

This work has been completed and the findings are now presented in a series of twelve 
technical reports.

obligation under the 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

±



±

nd









ACKNOWLEDGEMENTS.....................................................................................................................IV

EXECUTIVE SUMMARY....................................................................................................................... V

GLOSSARY/ABBREVIATIONS ........................................................................................................VIII

1. INTRODUCTION............................................................................................................................. 1

1.1. BACKGROUND............................................................................................................................ 1
1.1.1. Dioxin and dioxin-like compounds ................................................................................. 1 
1.1.2. Polychlorinated biphenyls ............................................................................................... 3
1.1.3. Sources of dioxin-like compounds .................................................................................. 4 

1.2. DIOXIN-LIKE COMPOUNDS IN BREAST MILK ............................................................................... 5
1.3. OBJECTIVES ............................................................................................................................... 6

2. PROJECT DESIGN.......................................................................................................................... 7

2.1. SAMPLE COLLECTION................................................................................................................. 7
2.1.1. Ethics approval ................................................................................................................ 7 
2.1.2. Participant selection and recruitment............................................................................... 7 
2.1.3. Sample numbers .............................................................................................................. 8 
2.1.4. WHO 2001 Breast Milk study ......................................................................................... 9 

2.2. SAMPLE ANALYSIS ..................................................................................................................... 9
2.2.1. PCDDs, PCDFs and dioxin-like PCBs ............................................................................ 9 
2.2.2. PCDD, PCDF and dioxin-like PCB analyses ................................................................ 10 
2.2.3. Sample preparation........................................................................................................ 10 
2.2.4. High-Resolution Gas Chromatography and Mass Spectrometric Analysis ................... 11 
2.2.5. Analyte identification and quantification criteria .......................................................... 11 
2.2.6. Quantification using the Isotope Dilution Technique.................................................... 12 
2.2.7. Quality Assurance ......................................................................................................... 12 
2.2.8. Lipid Determination ...................................................................................................... 12 
2.2.9. Data reporting................................................................................................................ 13 
2.2.10. Reporting basis for contaminant concentrations............................................................ 14 

3. LEVELS OF DIOXIN-LIKE COMPOUNDS IN THE BREAST MILK OF AUSTRALIAN 
WOMEN .......................................................................................................................................... 15

3.1. SAMPLE COLLECTION .............................................................................................................. 15
3.2. QUALITY CONTROL AND QUALITY ASSURANCE ...................................................................... 17
3.3. INTER-LABORATORY CALIBRATION.......................................................................................... 17
3.4. LEVELS OF PCDDS/PCDFS AND PCBS IN THE BREAST MILK OF AUSTRALIAN WOMEN ........... 20

3.4.1. Overall evaluation of PCDD/PCDFs and PCBs in samples collected in 2002/03. ........ 20 
3.4.2. Overall evaluation of PCDD/PCDFs and PCBs in samples collected in 1993. ............. 28 
3.4.3. Levels of dioxin-like chemicals in archived human milk samples from Melbourne ..... 28

3.5. FACTORS AFFECTING THE LEVELS OF DIOXIN-LIKE COMPOUNDS IN HUMAN BREAST MILK. ...... 34
3.5.1. Factors related to the maternal characteristics............................................................... 34 
3.5.2. Dietary factors ............................................................................................................... 34 
3.5.3. Living conditions including regional variation.............................................................. 34 
3.5.4. Intra-region variability................................................................................................... 36 

3.6. COMPARISON OF THE LEVELS OF DIOXIN-LIKE CHEMICALS IN BREAST MILK AND BLOOD......... 36
3.7. LIMITATIONS OF THE STUDY .................................................................................................... 38
3.8. A COMPARISON OF LEVELS OF DIOXIN-LIKE COMPOUNDS WITH OTHER COUNTRIES ................. 39

4. SUMMARY OF FINDINGS .......................................................................................................... 40

5. REFERENCES................................................................................................................................ 42

6. APPENDICES ................................................................................................................................. 44

APPENDIX A ETHICS APPROVAL LETTER ........................................................................................ 44
APPENDIX B LIST OF SITES............................................................................................................. 46
APPENDIX C PARTICIPANT INFORMATION AND CONSENT FORM .................................................... 48



APPENDIX D QUESTIONNAIRE FOR PARTICIPANTS ..........................................................................51
APPENDIX E ADVERTISEMENT AND WEBSITE .................................................................................55
APPENDIX F ANALYTICAL METHODOLOGY ...................................................................................57
APPENDIX G RESULTS OF WHO STUDY..........................................................................................59
APPENDIX H AGAL RESULTS ........................................................................................................63

Figure 1.1 The structures of polychlorinated (A) dibenzo-p-dioxins and (B) dibenzofurans. .................2
Figure 1.2 The structures of polychlorinated biphenyls (PCBs)..............................................................4
Figure 3.1 Concentration of dioxin-like chemicals in breast milk samples for each sampling region. .21
Figure 3.2 Total TEQ of all samples collected in 2002/03 versus the lipid content. .............................22
Figure 3.3 Comparison of concentrations of PCDD congeners for Melbourne 2002/03, all pools data 

2002/03 and Melbourne pools 1993.....................................................................................29
Figure 3.4 Comparison of concentrations of PCDF congeners for Melbourne 2002/03, all pools data 

2002/03 and Melbourne pools 1993.....................................................................................30
Figure 3.5 Comparison of concentrations of non-ortho PCB congeners for Melbourne 2002/03, all 

pools data 2002/03 and Melbourne pools 1993....................................................................31
Figure 3.6 Comparison of concentrations of mono-ortho PCB congeners for Melbourne 2002/03, all 

pools data 2002/03 and Melbourne pools 1993....................................................................32
Figure 3.7 Concentrations of breast milk compared with predicted results using regression model from 

blood study...........................................................................................................................37
Figure 3.8 Comparison of congener profile from breast milk and blood...............................................38
Figure 3.9 International levels of PCDD/PCDFs and PCBs in pooled human milk..............................39

Table 1.1 Homologues and congeners of PCDDs and PCDFs...............................................................3
Table 1.2 Distribution of PCB congeners ..............................................................................................3
Table 1.3 TEF values for PCDDs, PCDFs and PCBs ............................................................................5
Table 2.1 List of analytes of PCDD/PCDFs and WHO98-TEF .............................................................13
Table 2.2 List of analytes PCBs and WHO98-TEF ...............................................................................14
Table 2.3 Reporting basis for contaminant concentrations ..................................................................14
Table 3.1 Demographics of study participants. ....................................................................................16
Table 3.2 Demographics of participants in the 2001 and 2002/3 WHO studies. .................................17
Table 3.3 Inter-laboratory comparisons. ..............................................................................................19
Table 3.4 Minimum, maximum, weighted mean and median of the 2002/03 pooled breast milk 

samples in pg g-1. ..................................................................................................................23
Table 3.5 PCDD/PCDF and PCB results (pg g-1) from pooled breast milk samples all regions of 

Australia in 2002/03.............................................................................................................25
Table 3.6 PCDD/PCDF and PCB results (pg g-1) from pooled breast milk samples from Melbourne in 

1993, Melbourne 2002/03 and overall mean from all regions 2002/03................................27
Table 3.7 Summary of minimum, maximum, weighted mean and median of pooled breast milk in 

1993 samples (pg g-1)............................................................................................................33
Table 3.8 Mean PCDD/PCDF and PCB results (pg g-1) from pooled breast milk samples by urban, 

industrial and rural regions...................................................................................................35



• 

• 

• 











• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 





• 

• 

• 

• 

• 





≥

• 

• 

• 

• 

• 

• 









• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 







±
±

±
±

±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±

±
±









±





























• 
• 
• 












	Foreword
	Acknowledgement
	Executive Summary
	Glossary/ Abbreviations
	Contents
	1. Introduction
	2. Project Design
	3. Levels of dioxin-like compounds in the breast milk of Australian women 

