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Introduction 
Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) are ubiquitous contaminants in 
the environment that tend to accumulate in sink areas such as marine sediments. Contaminated 
sediments can be an important pathway for redistribution of PCDD/Fs into biota. Due to their 
toxicity and persistent nature, PCDD/Fs are considered a serious threat to ecosystem health in 
contaminated habitats, particularly with respect to their ability to bioaccumulate and biomagnify in 
the food chain'. While anthropogenic activities undoubtedly present the major sources of 
PCDD/Fs to the contemporary environment, evidence for their natural formation necessitates a 
need to evaluate the significance of such "baseline" inputs. Recently, a widespread natural source 
of PCDDs, in particular OCDD has been postulated for the coastal zone of Queensland, 
Australia^'\ However, little is known about the extent ofthis coastal contamination within the 
marine system and its possible efTects on marine biota. Queensland's marine system is known for 
its unique fauna and flora associated with the Great Bartier Reef Marine Park. These include for 
example extensive seagrass habitats that represent a major food source for green turtles (Chelonia 
mydas) and dugongs (Dugong dugon). Due to increased anthropogenic pressures on coastal 
habitats in Queensland, green turtles have been declining in numbers'* whereas dugongs are 
classified as vulnerable to extinction". This study investigated distribution processes of PCDDs in 
the marine system of Queensland. Here we focus on dugongs and green turtles since their food 
specialisation, high fat repositories, and long life span render them potential bioindicators for 
Queensland's coastal PCDD distribution. This, in combination with their low trophic position as 
well as the widespread dominance of a specific single source profile, are ideal features to develop 
a further understanding ofthe uptake and distribution pathways of persistent organic pollutants in 
the marine system. Initial results from tills study, that also included analysis of marine mammals 
from higher trophic levels such as the bottlenose dolphin (Tursiops spp.), are discussed with 
respect to bioaccumulation and pathways of PCDDs. 

Materials and Methods 
Tissue samples from dugongs, green turtles and bottlenose dolphins were obtained from animals 
stranded or drowned in nets at various regions along the coastline of Queensland (Figure 1). 
Veterinary post-mortem examinations were carried out on most animals and provided information 
on possible cause of death, gender, health conditions, estimated age and/or body size. Dugong and 
bottlenose dolphin samples included tissue from the outer layer of blubber from adult females 
(n=10 dugongs, n=3 dolphins) and males (n=6 dugongs, n=2 dolphins). Green turtle samples 
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included carapace fat from adult females (n=4) and males (n=2). Sediment and seagrass (roots, 
rhizomes and leaves of Halophila avails, Zostera capricorni, Syringodiutn isoetifolium, 
Cymodocea serrulata) samples were obtained from subtidal sites within known dugong and green 
turtle feeding areas from different regions. Samples were handled using stainless steel or glass 
materials (except the hand-collection of seagrass) and were stored frozen until processing. 

Samples were analysed for 2,3,7,8-substitutec. PCDD/F profiles at Ergo 
Forschungsgesellschaft mbH or - in the case of some sediments - for OCDD 
at QHSS laboratories. Blank samples were included in the analysis with each 
batch of 6 samples. Sediment analyses were carried out using standardarised 
methods described in reference". Seagrass was washed afler collection and 
carefully cleaned from attached sediment particles using 4 molar HCI 
followed by fresh water. Samples were then fieeze-dried, spiked with 'Re
labeled PCDD/F standard and soxhlet extracted jsing toluene. Blubber from 
dugongs and carapace fat from turtles was digested using 4 molar HCI at 60°C. 
Lipid-water partitioning was carried out using hexane and DCM. After 
gravimetrical lipid determination approximately 3 g of lipid was spiked with 
'̂ C-labeled PCDD/F standard. In brief, sample clean up for both seagrass and 
lipid samples included acidic pre-treatment (H2S04/Si02), acid/base activated 
silica gel, deactivated florisil and carbon/celite Iractioning. Thc final eluent 
was transferred to vials, and "C-labelled 1,2,3,4-TCDD recovery standard 
was added. Analysis of tetra- to octa-CDD/Fs was performed on a GC (DB-5 
fused silica column, 60 m, 0.25 mm i.d., 0.1 nm film thickness) intertaced to a 
VG Autospec mass spectrometer operating on a resolution of approximately 
10,000. Identification of 2,3,7,8-substituted PCDD/Fs was performed using 
retention times of the labeled standards and isotope ratios at IVf* and M+2"̂ . 
For quality control the retention times of the analyte in a sample had to be 
within 2 s of the retention times of thc internal standcirds. The limit of 
quantification was defined by a signal to noise ratio greater than three times 
the average baseline variation and a substance quantity in the sample greater 
than 3 times the quantity in the respective blank. 

Concentration ratios (CR) (often referted to as "bioaccumulation factors" in the literature) were 
calculated as the ratio of PCDD concenfrations in biota to its predominant source of uptake (note 
that no water concenfration data are available and thus a direct water/biota concenfration ratio is 
not discussed here). Hence, CR discussed here include the seagrass to sediment concentration 
ratio (SgSCR (in pg g"' dw)/(pg g'' dw)). Similar the CR ofthe PCDD concentrations in dugongs 
and turtles (in pg g"' lipid) to those in seagrass (in pg g"'dw, BSgCR) or sediment (in pg g"'dw, 
BSCR) collected from the region were the animals were found were used to discuss processes. 

Results and Discussion 
PCDD/Fs, including non-lateral substituted isomers were detected in all samples analysed. The 
2,3,7,8-congener profiles were consistently dominated by OCDD and, tci a lesser extent, HpCDD 
(Figure 2A-B). In general, PCDD concentrations were found to decrease with decreasing degree 
of chlorination whereas PCDFs were present in relatively low concentrations and often below the 
limit of detecfion/quanfification. The 2,3,7,8-congener profiles observed in biota differ from those 
observed in marine mammals from elsewhere^' ' and reflect the profiles observed in marine 
sediments from the entire Queensland coastline^ (Figure 2A). These results suggest that PCDD 
source(s) to sediment and biota are identical along Queensland's coast. 

jo 200 w 600 kilomelres 

Figure!. Sampling regions in 
Queensland, Australia. 
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Concentrations of EPCDD/F ranged from 49 to 2400 pg g"' lipid in dugong blubber (average 660 
pg"' lipid), from 19 to 770 pg g'' lipid in turtle fat (average 200 pg"' lipid) and from 96 to 162 
pg g"' lipid (average 132 pg g"' lipid) in dolphin blubber. WHO-TEQ values ranged from 1.5 to 
135 pg g"' TEQ among all dugong sampes (average 34 pg"' lipid), 0.8 to 20 pg g"' TEQ among 
turtle fat tissue (average 6.9 pg g"' lipid) and 1.1 to 4.3 pg g"' TEQ in dolphins (average 2 pg g"' 
lipid). Compared to marine mammals from New Zealand or even relatively polluted areas in the 
Mediterranean, the PCDD/F concentrations and their respective TEQ values observed in dugongs 
and turtles in Queensland are relatively high^''. This is remarkable considering that Queensland is 
predominantly rural and not a heavily industrialized state, and both dugongs and turtles are 
representatives ofthe lower trophic level within the marine food chain. 

Regional differences in PCDD concentrations of both dugongs and turtles were observed with 
lowest levels in dugongs from the Torres Strait region and offshore turtles compared to highest 
concentrations from inshore animals. Preliminary evaluation of our existing data show that 
average sediment OCDD concentrations within a region correlate well with PCDD/F 
concentrations in adult male dugongs found stranded in the respective regions (Figure 2C). No 
significant cortelation was found between the SPCDD/F concentrations in adult female dugongs 
and OCDD sediment concentrations from the respective regions. This is most likely due to 
fluctuations in ZPCDD/F concentrations often observed in female mammals as a result of 
contaminant transfer during lactation and gestation^ Since both dugongs and turtles ingest 
sediment particles that are attached to seagrass roots and leaves, sediment PCDD/F uptake is likely 
to present a direct PCDD/F uptake pathway for these animals'. However, cleaned seagrass 
analysed during this study showed similar EPCDD/F concentrations compared to sediment 
SPCDD/F concentrations while differences in 2.3,7,8-congener profiles between sediments and 
seagrass (Figure 2A) were observed. Seagrass sediment concentration ratios (SgSCR) demonstrate 
these differences (Figure 2D) and suggest that seagrass may have the capacity to accumulate 
specific PCDD/Fs congeners, which, in addition to contaminated adsorbed sediment particles, add 
to their PCDD/F burden but result in a shift of congener distribution towards lower chlorinated 
PCDDs in the plants. Accumulation of PCDD/Fs in aquatic plants has been reported previously 
and leaves were found to have considerably lower PCDD/F concentrations compared to the fibrous 
roots'". Although no data on leave/root comparisons is yet available for seagrass, it is interesting 
that concentration ratios calculated for ZPCDD/F from adult turtles are lower (average BSgCR 
2.1) compared to those from adult dugongs (average BSgCR 5.8). This may be related to 
differences in feeding behaviour between turtles (i.e. feed predominantly on seagrass leaves) and 
dugongs (i.e. uproot their food and consume both the root/rhizome system and leaves). 

Similar to SgSCR, decreasing CR (BSgCR and BSCR) values with increasing degree of 
chlorination were observed in dugongs (3.2 to 217 for BSgCR) and turtles (1.5 to 41 for BSgCR). 
Similar frends have been observed in other biota and are thought to be the resuft of decreased 
uptake efficiencies of the higher chlorinated congeners due to physico-chemical 
characteristics"''". However, BSgCR and BSCR values for lower chlorinated PCDDs in dugongs 
and turtles are considerably higher compared to CR calculated for other, even high trophic 
organisms'^' ' \ Typically, biomagnification of persistent organochlorines through the food chain 
results in higher concentrations in high trophic marine mammals compared to lower trophic 
animals'''. Results on bottlenose dolphins from Queensland however, indicate lower PCDD/F 
concentrafions in these higher trophic animals compared to dugongs/turtles from the same region. 
This may be related to the OCDD dominance of Queensland's PCDD source, for which a 
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biodepuration, rather than biomagnification has been observed'^ howi;ver, even lower chlorinated 
PCDD concentrations were relatively low in dolphin compared to dugong/turtle tissue. 
These results indicate that along the east coast of Queensland, the habitat location (i.e. proximity 
to the coastline) may have a strong influence on biota PCDD/F C()ncentra;:ions that may also 
supersede the influence of trophic position. More work is presently underway to evaluate 
interspecies and trophic transfer processes on an isomer specific level. 

<!' < ? ^ ^ ^ v ' ' '̂  *̂ "='• '^<Z<Z'<Z '̂^ ^̂  "̂  ^<Z<Z<Z '̂  '̂ '̂  V # V '̂ *̂ 
Figure 2. Typical 2,3,7,8-PCDD congener profiles in A. sediment and seagrass, B. adult male 
turtles and dugongs. C Cortelation between sediment OCDD concentration and EPCDD/F 
concentrations in adult male dugongs (includes data from reference'). D-E. CR for individual 
2,3,7,8-congeners from D. seagrass vs sediment, E. adult male dugongs vs sediment, F. adult male 
dugongs vs seagrass, G. adult male green turtles vs seagrass, H. adult male green turtles vs 
sediment. (Note that due to low concentrations in all samples PCDFs are not shown in A and B). 
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