
T A B L E  OF C O N T E N T S  �9 

A C K N O W L E D G M E N T S  .................................................................................................. vii 

S U M M A R Y  A N D  R E C O M M E N D A T I O N S  ....................................................................... 1 

B A C K G R O U N D  T O  THIS  R E P O R T  ................................................................................. 5 

. T R A C E  M E T A L S  IN T O R R E S  S T R A I T  S E D I M E N T S  ......................................... 6 

Background .................................................................................................................. 6 
Methods and Materials ................................................................................................. 6 

Sample Collection and Storage ........................................................................... 6 
Trace Metal Analysis .......................................................................................... 7 
Statistical Analysis ............................................................................................. 7 

Results ......................................................................................................................... 8 
Seasonal and Spatial Patterns in Surface Salinity ................................................ 8 

Physico-Chemical Properties of Sediments .................................................... . ..... 8 
Trace Metals and Other Elements in Sediments .................................................. 9 

Spatial Patterns ........................................................................................ 9 

Seasonal Patterns ................................................................................... 11 

Discussion .................................................................................................................. 12 
The Extent of Influence of  the Fly River into Tortes Strait ................................ 12 
Distributions, Concentrat ionsand Sources of  Trace Metals and Other 

Elements in Torres Strait Sediments ................................................................. 14 
Comparisons with Other Studies of Tortes Strait Sediments ....................................... 15 
Comparisons with Studies from Other Regions ........................................................... 16 

. T R A C E  M E T A L S  IN I N D I C A T O R  O R G A N I S M S  (Tridacna crocea and 

Polymesoda erosa) ..................................................................................................... 22 

Background ................................................................................................................ 22 
Methods and Materials ............................................................................................... 22 

Pre-Collecting Preparations .............................................................................. 22 
Sample Collection ............................................................................................ 22 

Burrowing clams (Tridacna crocea) ........................................................ 22 

Mangrove cockles (Polymesoda erosa) .................................................... 23 

Trace Metal Analysis ........................................................................................ 24 
hzter-l_zlboratoly Comparison ................................................................. 24 

Statistical Analysis ........................................................................................... 24 

Results ....................................................................................................................... 25 
Burrowing Clams (Tridacna crocea) ................................................................. 25 

Comparison o f  Methods .......................................................................... 25 

hlter-laborator 3, Comparisons ................................................................ 25 

Levels o f  Trace Metals and Other Elements ............................................ 25 

Spatial Patterns ...................................................................................... 25 

Seasonal Patterns ................................................................................... 27 

Mangrove Cockles (Polymesoda erosa) ............................................................ 28 

Size Differences Among Stations ............................................................. 28 

Spatial Patterns ...................................................................................... 28 

Discussion .................................................................................................................. 30 
Burrowing Clams (Tridacna crocea) ................................................................. 30 

Variations in the Levels o f  Trace Metals and Other Elements 

Throughout the Torres Strait and Requirements fo r  Future 

Monitoring .............................................................................................. 30 

iii 



Variations in Trace Metals Over  Time .................................................... 31 

Comparisons with Earlier Torres Strait Studies ...................................... 33 
Inter-Regional Comparisons ....................... ............................................ 34 

Mangrove Cockles ( Polymesoda erosa) ............................................................ 35 
Comparisons  with Other  Studies ...................................... �9 ....................... 35 

. TRACE METALS IN THE TRADITIONAL SEAFOODS OF THE TORRES 
STRAIT .................................................................................................................... 46 

Background ................................................................................................................ 46 
Methods and Materials ............................................................................................... 46 

Sample Collection and Preparation ................................................................... 46 
Fishes ..................................................................................................... 46 
Mangrove  Cockle (Polymesoda erosa) .................................................... 47 
M u d  Crab (Scylla serrata) ...................................................................... 47 
Crayfish ( Panulirus ornatus) .................................................................. 47 
Dugong (Dugong dugon) ........................................................................ 47 
Green Turtle ( Chelonia mydas) ............................................................... 47 

Trace Metal Analysis ........................................................................................ 47 
Comparisons with Standards ............................................................................. 48 

Results ....................................................................................................................... 48 
Fishes ............................................................................................................... 48 
Mangrove Cockle ( Polymesoda erosa) .............................................................. 49 
Crustaceans ...................................................................................................... 49 

M u d  Crab (Scylla serrata) ...................................................................... 49 
Crayfish ( Panulirus ornatus) .................................................................. 49 

Dugong (Dugong dugon) .................................................................................. 49 
Green Turtle (Chelonia mydas) ......................................................................... 50 

Discussion .................................................... .............................................................. 50 
Comparisons with the Pilot Study ..................................................................... 50 
Health Implications ........................................................................................... 52 
Sources of  Elevated Trace Metals ..................................................................... 53 

4. F U T U R E  M O N I T O R I N G  ........................................................................................ 58 

L I T E R A T U R E  C I T E D  ...................................................................................................... 60 

APPENDICES 

Preparation procedures and analytical methods associated with sediment samples 
from the Torres Strait Baseline Study ......................................................................... 66 

A comparison of  sediment arsenic concentrations in the monsoon season determined 
by different methods ................................................................................................... 68 

Physical and chemical properties of  sediment samples collected in the Torres Strait 
in pre-monsoon and monsoon seasons ........................................................................ 70  

Summary  of  the levels of  trace metal and other elements in sediments collected in the 
the Torres Strait in the pre-monsoon and monsoon seasons ......................................... 74 

Trace metal and clement ~zoncentrations in Tortes  Strait sediments in pre-rnonsoon 
and monsoon seasons ................................................................................................. 80 

iv  



6 Formulae used for tile calculation of  F ratios and variance components for analysis 

of  variance of  sediment trace metal data ...................................................................... 98 

7 Procedures used by Queensland Department of Primary Industry (Animal Research 
Institute) for trace metal analysis of biological samples ............................................ 106 

8 Summary ot' trace metal levels in burrowing clams in both seasons, throughout the 

Torres Strait ............................................................................................................. 108 

9 Trace metal concentrations in kidneys of the burrowing clam (T. crocea) in 
pre-monsoon and monsoon seasons in the Torres Strait ............................................ 114 

10 Formulae used for the calculation of F ratios and variance components for analysis 
of variance of burrowing cahn trace metal data ......................................................... 130 

1 I Results of  a comparison, among stations in each season, of  the mean levels of each 
metal by Tukey's HSD test ....................................................................................... 136 

12 Shell length of  mangrove cockles (Polymesoda erosa) collected for this study .......... 142 

13 Summary of trace metal levels in whole mangrove cockle (P. erosa) ........................ 144 

14 Concentrations of  trace metals in whole mangrove cockle collected during the 
pre-monsoon season in Torres Strait ......................................................................... 146 

15 Analysis of variance (ANOVA) tables comparing the effects of station and site on 
trace metal levels in mangrove cockles ..................................................................... 162 

16 Trace metal levels in the kidney of T. crocea collected between 1978 and 1985 and 
in 1992 during the present study ............................................................................... 166 

17 Comparison between Torres Strait and comparable Great Barrier Reef locations of  
the levels of cadmium and copper in kidneys of T. crocea ........................................ 168 

18 Concentrations of  metals for which an MPC exists for fishes .................................... 170 

19 Concentrations of  metals lbr which an MPC exists for the mangrove cockle 
(Polvmesotkl erosa) .................................................................................................. 172 

20 Concentrations of metals t\~r which an MPC exists, in crustaceans ............................ 174 

21 Concentrations of metals for which an MPC exists in tissues of dugong 
(Dugong dugong) ..................................................................................................... 176 

22 Concentrations of metals for which an MPC exists in tissues of green turtle 
(Chehmia my~kts) ..................................................................................................... 178 

23 Mean quantities of certain traditional seafoods which if consumed would place the 
consumer at the levels recommended in the PTWI estimates ..................................... 180 

V 



TABLES 

2.1 Comparison on the effects of two types of handling on the levels of trace metals 
in the kidneys of burrowing clams .............................................................................. 38 

2.2 Inter-laboratory comparison of the levels of trace metals in burrowing clams 
collected during the pre-monsoon and monsoon seasons ............................................. 39 

3. I Specimens of community seafoods analysed for the Main Study ................................. 55 

3.2 The potential consumption rates of turtle tissues in the Torres Strait ........................... 57 

FIGURES 

1. i Locations of sediment collecting stations in the Torres Strait ...................................... 17 

1.2 Surface salinities in the Torres Strait during the pre-monsoon and monsoon 
seasons ....................................................................................................................... 18 

1.3 Canonical discriminant analysis reduced plot, based on trace metal concentrations in 
Torres Strait sediments in pre-monsoon and monsoon seasons .................................... 19 

1.4 Plots of structural coefficients and canonical coefficients as a basis for explaining 
the patterns shown in the reduced plot ........................................................................ 20 

2.1 Collecting stations for indicator organisms in the Torres Strait ................................... 37 

2.2 Canonical discriminant analysis reduced plot of trace metal concentrations in 
burrowing clams in Torres Strait in pre-monsoon and monsoon seasons ..................... 40 

2.3 Plots of structural coefficients and canonical coefficients as a basis for explaining 
the patterns shown in the reduced plot in figure 2.2 .................................................... 41 

2.4 Canonical discriminant analysis reduced plot, based on concentrations of trace 
metals in mangrove cockle collected during the pre-monsoon in the Torres Strait ....... 43 

2.5 Plots of structural coefficients and canonical coefficients as a basis for explaining 
the patterns shown in the reduced plot in figure 2.4 .................................................... 44 

3. I Map of the Torres Strait showing locations from which samples were collected .......... 56 

vi  




