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ABSTRACT

This is the fourth paper in a series that presents data in the Australasian ecotoxicology database. The paper presents all the
published and unpublished ecotoxicology data for metals that had been generated in Australasia since the initial publication
of metal ecotoxicology data in 2002. The literature search identified 58 articles that contained relevant ecotoxicology data. In
total, 1939 new metal ecotoxicology data were added to the database thus increasing the amount of such data by approximately
80%. A total of 521, 484, 185 and 749 data were added for freshwater, marine/estuarine, sediment and terrestrial environmental
compartments, respectively. The additional toxicity data will substantially increase the relevance of future environmental

quality guidelines or hazard and risk assessments to Australasian ecosystems.
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INTRODUCTION

Metals naturally occur in and are ubiquitous in the
environment. From an ecotoxicological perspective metals
can be divided into essential and non-essential metals.
Essential metals are those that are required by at least some
organisms for various life processes including enzymatic
and metabolic reactions (Lehninger 1982). Essential metals
include antimony (Sb), arsenic (As), chromium (Cr), cobalt
(Co), copper (Cu), iron (Fe), manganese (Mn), molybdenum
(Mo), nickel (Ni), tin (Sn), titanium (Ti), vanadium (V) and
zinc (Zn) (Luoma and Rainbow 2008). Non-essential metals
have no known biological function and these generally
include cadmium (Cd), gold (Au), lead (Pb), mercury (Hg),
palladium (Pd), platinum (Pt), silver (Ag) and uranium (U).
The concentration response relationships of essential and
non-essential metals are quite different, having ‘U-shaped’
and sigmoidal relationships, respectively. Toxic effects
can be caused by essential metals concentrations being too
low and causing deficiency-type effects and then being too
high and causing toxicity. All metals, whether essential or
non-essential to an organism, become toxic beyond certain
threshold concentrations (Depledge et al. 1994). The issue of
essentiality has not been properly addressed in ecotoxicology
and in the derivation of environmental quality guidelines.

As metals occur naturally, they have natural biogeochemical
cycles which involve the mobilisation of metals from rocks
into soil and thence transport into waterways, biota and the
atmosphere. This transport can be local, regional or global in
nature. The dawn of the Industrial Revolution brought about
an unprecedented increase in the use of metals in human
health and welfare, the industrial economy and maintenance
of national security (Nriagu 1994). Each year, large quantities
of metal wastes are discharged into the environment so that
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for Pb, Cd, V and Zn, the human inputs are now far greater
than the global natural sources by 28-, 6-, 3- and 8-fold,
respectively (Nriagu 1990; Amiard and Amiard-Triquet
1993).

Major sources of anthropogenic metallic inputs into
aquatic environments are domestic and industrial waste
waters, sewage discharges, urban run-off and atmospheric
fallout (Nriagu 1990). Furthermore, metal pollution in
agroecosystems, primarily from the application of fertilisers
and/or biosolids (i.e., treated sewage sludge) and increasingly
from the application of industrial residues or by-products
is of increasing environmental concern (Tiller et al. 2000).
New guidelines for metal contaminants in biosolids,
mineral fertilisers and industrial residues have recently been
developed in Australia (Warne et al. 2007; Sorvari et al. 2009)
with the aim of managing the potential environmental risks
associated with metals in these materials.

Nearly a quarter of a century ago Hart (1986) reviewed the
research priorities for water quality management and called
for the establishment of a national ecotoxicology database.
In 1996, work on the Australasian Ecotoxicology Database
(AED) commenced. Its development was facilitated by the
derivation of the 2000 ANZECC and ARMCANZ water
quality guidelines for toxicants (ANZECC and ARMCANZ
2000). The aim of establishing the database was to have all
toxicity data for native and introduced species that had been
tested under Australasian conditions in one easily accessible
location (see Warne et al. 1998). It was felt that this would
facilitate the use of Australasian data in decision-making
processes such as ecological hazard and risk assessments and
could be used to guide research by indicating those chemicals
or species for which more toxicity data are needed.
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The intent was that the AED would be available in two formats
— publications in the Australasian Journal of Ecotoxicology
and an electronic form (i.e., an ACCESS database). Toxicity
data for pesticides, organic chemicals (excluding pesticides)
and metals have been collated into the AED and published
(Warne et al. 1998; Warne and Westbury 1999; and Markich et
al. 2002, respectively). The current paper presents additional
toxicity data for metals, including metalloids (As, Se) that
have been generated and/or published since the previous
metal AED publication (Markich et al. 2002). Having the
database available electronically has never been achieved
due to a lack of funds. However, this has been overcome by
the current project. The whole AED will shortly be available
on the CSIRO web-site (to locate it go to the CSIRO web-
site http://www.csiro.au/ and then conduct a search for the
Australasian Ecotoxicology Database).

The aims on this project were to: capture and synthesise
the breadth of research undertaken in the field since the
previous version of the AED; provide metal toxicity data for
the forthcoming revision of the Australian and New Zealand
Guidelines for Fresh and Marine Water Quality (ANZECC
and ARMCANZ 2000); support life cycle assessment for
metal and metal products in Australia; and ensure that
the best-available science is publicly available to support
transparent and scientifically rigorous policy development.

METHODS

An extensive literature review was conducted using
Science Direct (http://www.sciencedirect.com/) and the
IST Web of Knowledge (http://apps.isiknowledge.com/
UA_GeneralSearch_input.do?product=UA&search_
mode=GeneralSearch&SID=4Alp8m@3 @
HaleolllLo&preferencesSaved=). In addition, scientists
known to be conducting metal ecotoxicology research
were directly contacted and asked to supply any published
or unpublished data. The literature search identified
approximately 300 articles which met the search key words
(metal, toxicity, Australasia, Australia, New Zealand). This
number was reduced to 58 articles which actually contained
relevant ecotoxicology data. All journal articles as well as
several project reports that contained metal toxicity data
(including the metalloids As and Se) for native and introduced
species tested under Australasian conditions that had been
published since the previous publication of the AED for
metals (Markich et al. 2002) or that were not included in the
previous paper were collected.

Individual datum points were extracted from each of the
papers/reports and entered into the database with a unique
identifier number. Additional information that was entered
along with each datum point included, the chemical being
tested, the exposure regime (e.g., static, semi-static or flow-
through), the test duration, the experimental conditions, the
test species, the test species’ characteristics (e.g., age, sex or
length), the biological endpoint (e.g., lethality, reproductive
impairment), the measure of toxicity (e.g., LC50, EC10,
NOEC) and information on the statistics used. Toxicity data
that were derived for mixtures of metals were not included
in the database however they will be discussed in this report.
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Complex mixtures, for example, mine wastes, have not been
included in the update of the database. Bioaccumulation data
were also not included.

In the majority of studies, the toxicity data from each of the
papers/reports were extracted and entered into the database
in the form reported by the authors. In some studies not
all possible measures of toxicity were calculated from the
available data and therefore such data were analysed and the
resulting toxicity values (e.g., NOEC, LOEC, EC50 or LC50
data) included in the AED. In some cases, the toxicity values
were estimated from graphs provided in the publications/
reports. Where this has been done it has been clearly recorded
in the database in the section on how the toxicity data were
calculated.

All the toxicity data were entered into the AED in the exact
chemical form used (e.g., CuSO,.5H,0) but have been
presented in this paper as the individual metal (e.g., Cu). The
valency state of the metals is presented when this information
was presented in the articles/reports.

The quality of every toxicity datum point was determined
and was entered into the database to indicate the robustness
of the methods used to generate the data and therefore the
reliability of the datum. The quality of each datum was
determined using a marking scheme that varied slightly for
aquatic (freshwater - having a salinity < 2.5%0 and marine/
estuarine — salinity > 2.5%o), sediment and terrestrial data
(see Tables 1, 2 and 3, respectively). The total possible score
that could be obtained for a datum point depended on the
test medium used and organism type (e.g., the total possible
score for aquatic organisms ranged from 88 to 100, Table 1),
therefore, the quality was expressed as a percentage of the
total possible score for that particular combination of test
medium and organism type. Data points with quality scores
of < 50% were classed as unacceptable (U), 51 to 79% as
acceptable (A) and = 80% as of high (H) quality. Only data
classed as H or A are deemed suitable for deriving trigger
values (TVs) for toxicants in aquatic ecosystems in Australia
and New Zealand (ANZECC and ARMCANZ 2000) and
to derive proposed Australian contaminant guidelines for
biosolids (Warne et al. 2007; Heemsbergen et al. 2009a)
and ecological investigation levels for contaminated sites
(Warne et al. 2009). When conducting hazard or ecological
risk assessments similar scrutiny of the quality of the toxicity
data is also required, but which quality classifications are
suitable for a particular purpose will vary with each study.

RESULTS AND DISCUSSION

Summary statistics

All the toxicity data points that were entered into the AED
as part of the current project are presented in Appendices
A, B, C and D for freshwater, marine/estuarine, sediment
and terrestrial data, respectively. A summary of all the data
points entered in the AED for each of the environmental
compartments (i.e., freshwater, marine/estuarine, sediment
and terrestrial) as well as the total numbers are provided
in Table 4. Overall, there were 1939 individual data points
added to the AED that were obtained from 58 studies. In total,



AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Australasian metal toxicity data — IV

Vol. 15, pp. 51-184, 2009

Langdon et al

Table 1. Marking scheme used to derive quality scores for aquatic toxicity data (freshwater and marine/estuarine) (from Hobbs et al. 2005).

Question Mark
1. Was the duration of the exposure stated (e.g., 48 or 96 hours)? 100r 0
2, Was the biological endpoint (e.g., immobilisation or population growth) stated and defined (10 marks)? Award 10,5 or 0
5 marks if the biological endpoint is only stated
3. Was the biological effect stated (e.g., LC or NOEC)? Sor0
4, Was the biological effect quantified (e.g., 50% effect, 25% effect)? Sor0
The effect for NOEC and LOEC data must be quantified.
5. Were appropriate controls (e.g., a no-toxicant control and/or solvent control) used? Sor0
6. Was each control and chemical concentration at least duplicated? Sor0Q
7. Were test acceptability criteria stated (e.g., mortality in controls must not exceed a certain percentage) 5,20r0
OR
were test acceptability criteria implied (e.g., test method used (USEPA, OECD, ASTM etc) uses validation
criteria) (award 2 marks). Note: Invalid data must not be included in the database.
8. Were the characteristics of the test organism (e.g., length, mass, age) stated? S50r0
9. Was the type of test medium used stated? Sor0
10. Was the type of exposure (e.g., static, flow through) stated? 4or0
11. Were the chemical concentrations measured? 4o0r0
12. Were parallel reference toxicant toxicity tests conducted? 4or0
13. Was there a concentration-response relationship either observable or stated? 4or0
14. Was an appropriate statistical method or model used to determine the toxicity? 4or0
15. For NOEC/LOEC/MDEC/MATC data was the significance level 0.05 or less? 4or0
OR
For LC/EC/BEC data was an estimate of variability provided?
16.  For metals tested in freshwater (FW), were the following parameters measured?
(i) pH, 3,1o0r0
(i) hardness, 3,1o0r0
(i1i) alkalinity and 3,1or0
(iv) organic carbon concentration 3,1o0r0
Award 3 marks for each variable that was measured during the test and values stated.
Award 1 mark for each parameter if it is measured but not stated or if they are measured and values are stated
for the dilution water only.
OR
For all other chemicals, was the pH measured and values stated? 3,1lo0r0
Award 1 mark if it is measured but not stated or if the pH of the dilution water only is measured and stated.
17.  For marine and estuarine water (MEW), was the salinity/conductivity measured and stated? 3or0
18. For tests not using aquatic macrophytes and alga, was the dissolved oxygen content of the test water measured 3 or 0
during the test?
19. Was the temperature measured and stated (3 marks)? Award 1 mark if only the temperature settings of the 3,10r0
room or chamber are stated.
20. Were analytical reagent grade chemicals or the highest possible purity chemicals used for the experiment? Jor0

Total score

Total possible score for the various types of data and chemicals:
FW/metal/non-plant = 100. FW/non-metal/non-plant = 91. FW/metal/plant = 97.
FW/non-metal/plant = 88. MEW/non-plant = 91. MEW/plant = 88)

Quality score ([Total score / Total possible score] * 100)

Quality class (H = 80%, 51-79% A, U < 50%)

there were new data for 13 metals and for 87 test species
that belonged to 14 divisions/phyla. The greatest number of
data points added was for terrestrial toxicity where 749 data
points were added to the database representing 31 different
test species. The number of data points entered for freshwater
and marine/estuarine was similar with 521 and 484 data points
added, respectively. However, in terms of the total number of
species tested within these two environmental compartments,

there was over double the number of species tested in marine/
estuarine systems than in freshwater and data for nearly 50%
more divisions/phyla. There was a total of 185 sediment
toxicity data points added into the AED. The AED previously
did not contain any sediment toxicity data.

Overall, the quality of the data, as indicated by the quality
score, was highly variable with values ranging from 37% for
a terrestrial data point to 96% for a freshwater data point.
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Table 2. Marking scheme used to derive quality scores for sediment toxicity data.

Question Mark
1. Was the duration of the exposure stated (e.g., 48 or 96 h)? 100or0
2. Was the biological endpoint (e.g., immobilization or population growth) stated and defined (10 marks)? Award 10,5 or 0
5 marks if the biological endpoint is only stated
3. Was the biological effect stated (e.g., LC or NOEC)? Sor0
4. Was the biological effect quantified (e.g., 50% effect, 25% effect)? The effect for NOEC and LOEC datamust 5 or 0
be quantified.
5. Were appropriate controls (e.g., a no-toxicant control and/or solvent control) used? Sor0
6. Was each control and contaminant concentration at least duplicated? Sor0
7. Were test acceptability criteria stated (e.g., mortality in controls must not exceed a certain percentage) (5 5,20r0
marks)?
OR
Were test acceptability criteria implied (e.g., test method used [USEPA, OECD, ASTM etc]) (award 2 marks).
Note: Invalid data must not be included in the database
8. Were the characteristics of the test organism (e.g., length, mass, age) stated? Sor0
9. Was the type of test medium used stated? Sor0
10. Was the type of exposure (e.g., static, flow through) stated? 4or0
11. Were the contaminant concentrations measured? 4or0
12. Were parallel reference toxicant toxicity tests conducted? 4or0
13. Was there a concentration—response relationship either observable or stated 4or0
14. Was an appropriate statistical method or model used to determine the toxicity? 4or0
15. For LC/EC/BEC data values derived was an estimate of variability provided? (10/20 effects data desirable) 4or0
OR
If NOEC/LOEC data, was the significance level 0.05 or less?
16. Were the following parameters measured and stated? (3 marks if measured and stated, 1 if just measured)
(i) pH 3,1o0r0
(ii) Particulate organic carbon (POC) 3,10r0
(ii1) Particle size (e.g., <63 pm or silt/clay) 3,1o0r0
(iv) Acid-volatile sulfide (AVS) and 1-M HCI extractable metals 3,1o0r0
(v) Dissolved contaminants (e.g., metals) in porewater or overlying water 3,10r0
(vi) Dissolved ammonia and sulfide in porewater or overlying water 3,10r0
17. Was the temperature measured and stated? 3or0
18. Was the grade or purity of the test contaminant stated? 3or0
19. For marine and estuarine water (MEW), was the salinity/conductivity measured and stated? 3or0
20. For freshwater sediment tests, was the alkalinity, hardness, or concentrations of Ca and Mg measured in the 3or0
overlying water?
Were known interacting elements on bioavailability measured (e.g., Cl for Cd)?
21. For sediments spiked with metal salts: were the equilibration conditions adequate? 3or0

Total score

Total possible score for the various types of data and contaminants = 112

Quality score (|Total score / 112] * 100)
Quality class (H > 80%, 51-79% A, U < 50%)

Although the range of quality score values was quite broad,
the median quality scores did not vary markedly across
the four environmental compartments. Data points which
have quality scores < 50% are deemed unacceptable for
deriving TVs in Australia and New Zealand (ANZECC and
ARMCANZ 2000), therefore these data points would need
to be removed from data sets prior to deriving TVs.

A summary of the composition of all the data points in the
AED is presented in Table 5. It provides the total number
of metals, species, divisions/phyla for which unique data
are available, the number of studies from which data were
sourced and the number of data points collated. In addition,
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it provides in parentheses the values for each parameter that
were added in the current project. Thus, while the data in
Table 4 indicate that freshwater toxicity data were entered
for nine metals, only one of these was new to the AED (i.e.,
indicated by (1), Table 5). As sediment data had not previously
been entered into the database, all the data were classed as
new data, i.e., 13 new test species from four new divisions/
phyla. As there is some overlap between the test species used
in sediment tests with those used in marine/estuarine tests,
each new species was only counted once to determine the
total number of new species added to the database which
was 41. Overall, the database currently has a total of 4346



AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Australasian metal toxicity data — IV

Vol. 15, pp. 51-184, 2009

Langdon et al

Table 3. Marking scheme used to derive quality scores for terrestrial toxicity data (from Heemsbergen et al. 2009a).

Question Mark
1. Was the duration of the exposure stated (e.g., 48 or 96 h)? 100or0
2. Was the biological endpoint (e.g., immobilization or population growth) stated and defined (10 marks)? Award 10,5 or 0
5 marks if the biological endpoint is only stated
3. Was the biological effect stated (e.g., LC or NOEC)? Sor0
4. Was the biological effect quantified (e.g., 50% effect, 25% effect)? The effect for NOEC and LOEC data must 5 or 0
be quantified.
5. Were appropriate controls (e.g., a no-toxicant control and/or solvent control) used? Sor0
6. Was each control and contaminant concentration at least duplicated? Sor0
7. Were test acceptability criteria stated (e.g., mortality in controls must not exceed a certain percentage) (5 5,2o0r0
marks)?
OR
Were test acceptability criteria implied (e.g., test method used [USEPA, OECD, ASTM etc]) (award 2 marks).
Note: Invalid data must not be included in the database
8. Were the characteristics of the test organism (e.g., length, mass, age) stated? Sor0
9. Was the type of test medium used stated? Sor0
10. Were the contaminant concentrations measured? 4or0
11. Were parallel reference toxicant toxicity tests conducted? 4or0
12. Was there a concentration—response relationship either observable or stated 4or0
13. Was an appropriate statistical method or model used to determine the toxicity? 4or0
14. For NOEC/LOEC data was the significance level 0.05 or less? 4or0
OR
For LC/EC/BEC data was an estimate of variability provided?
15. Were the following parameters measured and stated? (3 marks if measured and stated, 1 if just measured)
(i) pH, 3,1o0r0
(i1)) OM or OC content 3,1or0
(iii) Clay content 3,1or0
(iv) CEC 3,1lor0
16. Was the temperature measured and stated? 3or(
17. Was the grade or purity of the test contaminant stated? 3or0
18. Were other cations and or major soil elements measured? 3or(
OR
Were known interacting elements on bioavailability measured (e.g., Mo for Cu and Cl for Cd)?
19. For spiked soils with metal salts: Were the soils leached after spiking? 3or(
20. Were the incubation conditions and duration stated? 3,1o0r0

Total score

Total possible score for the various types of data and contaminants; 102
Quality score (| Total score / 102] * 100)

Quality class (H > 80%, 51-79% A, U < 50%)

Table 4. Summary of new metal toxicity data entered into the Australasian Ecotoxicology Database (AED) as presented in Appendices

A, B, CandD.
Traits of the Environmental compartment for which toxicity data are in the AED
ecotoxicity data Freshwater® Marine/estuarine” Sediment® Terrestrial® Total
Metals® 9 7 5 9 13
Species 17 38 13 31 87
Divisions/phyla 8 11 4 5 14
Studies 22 22 8 13 58
Data points 521 484 185 749 1939
Quality Score (%) 79 72 77 74
[median (range)] (64 —96) (39-85) (44 -82) (37-91)

raw toxicity data presented in Appendix A; ° raw toxicity data presented in Appendix B; © raw toxicity data presented in Appendix C; ¢ raw
toxicity data presented in Appendix D; ¢ metals that have multiple oxidation states (As, Se and Cr) were treated as one metal.
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Table 5. Summary of all metal toxicity data in the Australasian Ecotoxicology Database (AED), as presented in Appendices A, B, C and D
and Markich et al. (2002). Values in parentheses are the number of new (in addition to that already in the AED) metals, species, divisions/
phyla, and studies for which data were added to the AED in the current project and the totals.

Freshwater Marine/estuarine Sediment Soil Total
Metals? 15 (1) 15(0) 5(5) 16 (1) 22(1)
Species 89 (4) 107 (19) 13 (13) 148 (17) 343 (41)
Divisions/phyla 12 (1) 13 (1) 4 (4) 5(2) 19 (2)
Studies 94 (22) 96 (22) 8(8) 77(13) 263 (58)
Data points 1496 (521) 1120 (484) 185 (185) 1545 (749) 4346 (1939)

* metals that have multiple oxidation states (As, Se and Cr) were treated as one metal.

data points for 22 metals that has been extracted from 263
studies. Data are currently available for 343 test species from
19 divisions/phyla.

Metals studied and test species diversity

It is important to assess how comprehensive the data are in
the AED. Tables 6, 7, 8 and 9 summarise this information
for freshwater, marine/estuarine, sediment and terrestrial
compartments, respectively. These tables present for each
metal, the number of test species that belong to various
divisions and/or phyla for which toxicity data are present
in the AED. The numbers shown in parentheses indicate the
number of species that belong to various divisions and/or
phyla and were added during the present study.

Freshwater data

Table 6 shows the 15 individual metals for which there are
freshwater toxicity data available in the AED (metals with
multiple oxidation states have been shown separately, but
were considered to be one metal). The current update included
data on 9 of the 15 metals and also added data for one new
metal (iron). There were only five metals, Cd, Cu, Fe, Pb and
U for which there were toxicity data for new test species.
There was the inclusion of data for one new freshwater
division/phylum - cyanobacteria, but these data were only
for Cu. In addition, over half of the freshwater data points
that were updated into the AED were for copper (290 data
points shown in Appendix A). Following Cu, the metals with
the highest numbers of data points were Zn (85 data), Cd
(61 data) and U (55 data). This summary of freshwater data
provided in Table 6 indicates the need to increase test species
diversity for toxicity testing on freshwater Australasian
organisms, as well as the need to conduct toxicity testing on
a broader range of metals. Based on the data shown in Table
6 there are sufficient acute toxicity data currently available
in the AED to derive freshwater TVs for As(IIl), As(V), Cd,
Cr(VI), Cu, U and Zn*.

Marine/estuarine data

Marine/estuarine toxicity data are available in the AED for a
total of 14 metals (Table 7) (metals with multiple oxidation
states have been shown separately, but were considered to be
one metal). In the current update additional data were added
for 7 of these 14 metals (Table 4). Toxicity data were added
for new test species for six metals (Cd, Cu, Fe, Pb, Ni and

Zn). The most diverse data set of these was for Cu where
data on an additional 21 test species were added. The next
most diverse was Zn where data for 15 new test species were
added. This indicates that the toxicity of metals in the marine/
estuarine compartment is being assessed for a more diverse
range of marine/estuarine organisms than in the freshwater
compartment. Similar to the freshwater data, only one new
division/phylum was added in the marine/estuarine data (ie
Dinoflagellata) which was again only for Cu. The majority
of marine/estuarine toxicity data points added to the AED
was again for Cu (304 data points, Appendix B). This was
followed by Zn (109 data), Pb (28 data) and Cd (24 data). This
indicates that although toxicity testing is being conducted on
a broad range of Australasian marine/estuarine test species, a
more extensive range of metals needs to be assessed. Based
on the data summarised in Table 7, there are sufficient acute
toxicity data available in the AED to derive marine/estuarine
TVs for Cd, Cr(VI), Cu, Pb, Hg, Ni and Zn*.

Sediment data

The inclusion of sediment toxicity data added an additional
environmental compartment for which Australasian toxicity
were available in the database. All of the sediment data added
were for marine sediments therefore there was considerable
overlap of the test species used for the sediment and marine/
estuarine data. Compared to the freshwater and marine/
estuarine data sets, the sediment data were only available
for a limited number of metals (i.e., Cd, Cu, Pb, Ni and
Zn) with a limited number of test species (i.e., 13) from a
limited number of divisions/phyla (i.e., 4) indicating that
a greater understanding of metal toxicity to organisms in
this test medium is required (Table 8). The majority of
sediment toxicity data was again for Cu (102 data points
added, Appendix C), followed by Zn (54 data). Even though
the sediment toxicity data set is small in comparison to that
available for the other environmental compartments, there are
adequate acute toxicity data available for Cu to derive TVs*.

Terrestrial data

Terrestrial toxicity data are now available in the AED for
a total of 16 metals (metals with multiple oxidation states
have been shown separately, but were considered to be one
metal) (Table 9). As part of the current update, terrestrial
data were added for one new metal, selenium - as Se(IV) and
(VD). Toxicity data were also added for two new divisions/

*i.e., data from a minimum of five species that belong to at least four taxonomic groups (ANZECC and ARMCANZ 2000; Warne 2001).
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g é o is complicated by the fact that many of the
2 ; § ‘S Sl el al L] e terrestrial toxicity data available were not
= E = S = determined in soil but instead in aqueous
§ ; £ media (e.g., hydroponically grown)
502
o é _é gfé\ Acute and chronic toxicity data
<25 @ 5 e N Essentially all the metal toxicity data in the
2 s = Zx| | | &= — i/ | | & | 0o v v v © o~ AED is acute, based on the definition of
g ; £ % acute in the Australian and New Zealand
3 $ E 2|22 WQGs (ANZECC and ARMCANZ 2000),
= 7] = . .
=R s apart from the data for micro-organisms,
n 05 . . .
= ‘g g_ - f;cg particularly unicellular algae, which are
§.E 5 =2 ~ ~ predominantly chronic. There is also a
< §E g2 coIYy e reasonable amount of early-life stage
== —_ .. . .
23 E 5 5 toxicity data which have sometimes been
E=E = classified as sub-chronic and sometimes
E g g as acute. In the forthcoming revision of
s 2 é g —~ the Australian and New Zealand WQGs
< = Q — .. .
o § © =4 g (I = N A A A O I the definitions of acute, sub-chronic and
£ & ; S|© s chronic will need examining.
~ [
£sa< |35 .
= - g g o Currently the Australian and New Zealand
5.5 8 = ~ = WAQGs give preference to the use of chronic
53 Tt A I O A O A A R = :
= 88 A toxicity data to derive TVs (ANZECC and
2
ERRd ARMCANZ 2000; Warne 2001). There
£ a '; § was also a stated preference to use data for
(5} o~ [ . . . .
é ED% g =S £ £ L as many species as possible irrespective
.S = 2375 E 2 g 2 g E of where the species occur. The reasonin
RS — §2 22 ¢E 8 E & 2 35 = = .2 P ) &
2 g[fj £ g g g _c% E g s E g g 2 3 E E 5 g was that when TVs are derived using
E82 |= << <OV O0EAANZTZTZhE PN the statistically-based species sensitivity

* i.e., data from a minimum of five species that belong to at least three taxonomic groups (Heemsbergen et al. 2009b; NEPC 2010).
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(fish)
[11]

Animals
(7] [33] [2]
1 . _ _
7 1 18 —
2 — 5 —

[17]

1(1)

Cnidaria Mollusca Annelida Crustacea Bryozoa Echinodermata Chordata

(1]
1

algae) [3]
1

Phaeophyta Prymnesiophyta Magnoliophyta
(2]
2

Plants

Bacillariophyta Dinoflagellata Chlorophyta
(green algae) (brown algae (golden-brown (Angiosperms)

(1]

Table 7. The metals for which there are marine/estuarine Australasian ecotoxicology data and a summary of the total number of species belonging to different divisions and/or phyla in the Australasian
Ecotoxicology Database (AED) for each metal. Values in parentheses are the number of new species for which toxicity data were added to the AED in the current project (abstracted from Appendix
(diatoms)
[13]

1

1

4

2

B). The values in square brackets are the total number of species within each division/phylum.

Chromium (VI)

Arsenic (11I)
Copper

Arsenic (V)

Aluminium
Cadmium

Metal

6]
[e9

133  63) 2207 2 5(1)

2(1)
2(1)

703)

3(2)

6

1(1)

12(1)

Iron

21

3

(1)

3(1)

Lead

Manganese

Mercury

Molybdenum
Nickel

4

1(1)

Selenium (IV)
Selenium (VT)

Silver

104  4@Q) 21D 2 5(1)

1(1)

Zinc

distribution methods (e.g., BurrliOZ,
Campbell et al. 2000), it is best to use
as many data as possible. Recent work
on the relative sensitivities of species
originating from different geographical
locations indicates that this policy may
need reconsideration. In addition, recent
research (Schroer et al. 2004; Maltby
et al. 2005; Van den Brink et al. 2006;)
has shown that TVs derived using acute
toxicity data are protective of species in
mesocosms and field-based exposure.
For example, Van den Brink et al. (2006)
found that for nine herbicides the lower
95% confidence interval and median
confidence interval (50%) values based on
acute toxicity data resulted in values that
were protective of micro- and mesocosms
experiencing long-term exposure and a
short-term or pulse exposure, respectively.

Toxicity of mixtures of metals
There were two studies that determined the
toxicity of metal mixtures to Australasian
freshwater organisms, and none for the
other environmental compartments. The
two studies assessed the toxic interactions
of metal mixtures to two freshwater
crustaceans (Cooper et al. 2009) and
to the freshwater macrophyte Lemna
aequinoctialis (duckweed) (Charles et
al. 2006).

Cooper et al. (2009) used acute and
chronic bioassays to observe the effect
of binary and ternary mixtures of Cu,
Pd and Zn to Ceriodaphnia dubia and
Daphnia carinata. Interactions of the
metal combinations mainly resulted in
toxicity that conformed with concentration
addition, however the toxicity was more
than additive for three of the acute
scenarios, i.e., both species exposed to
Cu + Pb, D. carinata exposed to Cu + Zn
and C. dubia exposed to all three metals
(Cooper et al. 2009). In comparison,
Charles et al. (2006) found the joint
toxicity of Cu and U was less than
additive using an equitoxic mixture to L.
aequinoctialis._

Effects of physicochemical
properties of the environmental
compartment on speciation,
bioavailability and toxicity

Metal speciation and hence bioavailability
and toxicity in all four environmental
compartments may be strongly influenced
by a variety of physicochemical parameters
of the environmental compartment of
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Table 8. The metals for which there are sediment Australasian ecotoxicology data and a summary of the total number of species belonging
to different divisions and/or phyla in the Australasian Ecotoxicology Database (AED) for each metal. Values in parentheses are the number
of new species for which toxicity data were added to the AED in the current project (abstracted from Appendix C). The values in square

brackets are the total number of species within each division/phylum.

Metal Plants Animals
Bacillariophyta Mollusca Annelida Crustacea
(diatoms)
(1] [3] [3] [6]

Cadmium — — — 1(1)
Copper 1 (1) 3(3) 3(3) 6 (6)
Lead — — — 1(1)
Nickel — — — 1(1)
Zinc — 3(3) 2(2) 5(5)

Table 9. The metals for which there are terrestrial (soil or hydroponic) Australasian ecotoxicology data and a summary of the total number
of species belonging to different divisions and/or phyla in the Australasian Ecotoxicology Database (AED) for each metal. Values in
parentheses are the number of new species for which toxicity data were added to the AED in the current project (abstracted from Appendix
D). The values in square brackets are the total number of species within each division/phylum.

Metal Bacteria Plants Animals
Bacteria Magnoliophyta Pteridophyta Annelida Uniramia
(angiosperms) (ferns)

(2] [129] [10] (3] [4]
Aluminium — 88 — — 3
Arsenic(1IT) — 1 — — 3
Arsenic(V) — 3 — 2 2
Cadmium — 2 10 (10) 3()
Cerium — 4 — — —
Chromium(VI) — 4 10 (10) 1 1
Cobalt — 1 — — —
Copper 2(2) 26 (8) 10 (10) 3(D) 3
Gallium — 1 — — —
Lanthanum — 3 — — —
Lead 1(1) 1 10 (10) 1 2(1)
Manganese — 38 — — —
Nickel — 2 10 (10) — —
Scandium — 1 — — —
Selenium (IV) 1(1)
Selenium(VI) — 1(1) — — —
Thallium — 2 — — —
Zinc 2(2) 22(9) 10 (10) 2 (1) 2 (1)

concern. For freshwater these include water hardness
(primarily Ca and/or Mg concentration), alkalinity, pH,
natural dissolved organic matter and redox potential (Stumm
and Morgan 1996). The latter two parameters, in addition to
salinity, are also relevant to marine and estuarine waters. In
soils it has been known qualitatively, for quite some time,
that bioavailability and toxicity are affected by a range of soil
properties including soil pH, clay content, cation exchange
capacity and organic carbon content (e.g., De Vries and Tiller
1978; Alloway 1995).

Although it was known that the above factors could affect
bioavailability and toxicity of metals in freshwaters, there

were only a few quantitative relationships between toxicity
and water hardness that had been reported at the time of the
release of the current Australian and New Zealand WQGs
(ANZECC and ARMCANZ 2000). These quantitative
relationships between metal toxicity and water hardness were
developed for the Canadian and USA WQGs (Porter et al.
1995; USEPA 1995a, 1995b). There were insufficient data
to derive water hardness — toxicity algorithms for Australian
freshwater organisms (Markich et al. 2002) and therefore the
North American algorithms were adopted into the Australian
and New Zealand WQGs (ANZECC and ARMCANZ 2000;
Markich et al. 2001). Markich and colleagues (Riethmuller
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et al. 2000; Riethmuller et al. 2001; Markich et al. 2005;
Markich et al. 2006) in a series of articles argued that the North
American algorithms had confounded true water hardness
with alkalinity and/or pH. They then developed true water
hardness — toxicity algorithms for Cu for a suite of Australian
freshwater species (including a bacterium, a crustacean, a
green alga, a hydra, a macroalga and a fish) (Riethmuller
et al. 2001; Markich et al. 2005; Markich et al. 2006) and
found that there was no significant change in toxicity with
true water hardness and therefore using the algorithms in
the Australian and New Zealand WQGs would not provide
adequate protection to such organisms. They recommended
that the hardness correction not be used for Cu and that biotic
ligand models (BLMs) be used. No recommendations were
made regarding the validity of the North American hardness
algorithms for the other metals. Biotic ligand models have
now been developed for a number of metals including As
(e.g., Chen et al. 2009), Cu (e.g., Ryan et al. 2009), Ag (e.g.,
Niyogi and Wood 2004), Zn (e.g., Clifford and McGreer
2009) and Ni (e.g., Kozlova et al. 2009). Research developing
BLMs in Australia has been extremely limited with only one
publication (De Schamphelaere et al. 2005) on the toxicity
of Cu to the green alga Pseudokirchneriella subcapitata
(previously Selenastrum capricornutum) addressing this
issue. Despite there being BLMs for a number of metals and
species, adoption by regulators has been limited. Only the
BLM for Cu has been adopted to derive WQGs (USEPA 2007)
while BLMs for chronic toxicity are accepted for use by the
European Chemical Bureau as part of Existing Substances
legislation (Ahlf et al. 2009).

By 2002, when the previous publication on metal toxicity for
the AED was published, there were no algorithms between
physicochemical properties of marine/estuarine water and
toxicity and between soil and toxicity. This situation, to the
authors’ knowledge, has not changed for the marine/estuarine
compartment, but a number of such algorithms have been
developed for the soil compartment. These include algorithms
that explain the variation in toxicity of As, Cu, Zn and Ni
to micro-organisms, plants and invertebrates (Rooney et al.
2006; Smolders et al. 2003; Smolders et al. 2004; Oorts et
al. 2006; Broos et al. 2007; Song et al. 2006; Warne et al.
2008a; Warne et al. 2008b) and the uptake of Cd, Cu, Pb and
Zn by plants (Nan et al. 2002; Li et al. 2003; McLaughlin
et al. 2006). The Australian National Biosolids Research
Program (NBRP) developed a number of these algorithms
that could model the toxicity of Cu and Zn to selected soil
microbial functions (Broos et al. 2007) and to wheat (both
laboratory- and field-based) (Warne et al. 2008a; Warne et al.
2008b) as well as the uptake of Cd by wheat (McLaughlin et
al. 2006). Many of these algorithms have been incorporated
into recent environmental regulation and ecological risk
assessments that include the European Union ecological risk
assessments of existing chemicals (e.g., EC 2008a; EC 2008b;
LDA 2008), the Flemish soil quality guidelines (VLAREBO
2008), the proposed Australian guidelines for Cd, Cu and Zn
in biosolids (Warne et al. 2007; Heemsbergen et al. 2009b)
and the proposed Australian ecological investigation levels
for contaminated sites (Heemsbergen et al. 2009a; Warne et
al. 2009). To date, there are no similar algorithms for organic
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chemicals in soils, although one would expect that soil pH
and soil organic carbon content would be dominant soil
physicochemical properties in such algorithms.

While the above algorithms have a sound mechanistic basis
they are in fact empirical. Work has also been conducted
on developing mechanistic models of toxicity in soils,
in particular the free ion activity model (FIAM) and the
terrestrial biotic ligand model (tBLM). The tBLM models
have generally been found to provide better estimates of
metal toxicity than the FIAM model (see following BLM
references). Terrestrial BLMs have been developed for
Cu and Ni to the collembolan Folsomia candida and the
earthworm Eisenia fetida (Thakali et al. 2006b), Cu toxicity
to the earthworm Aporrectodea caliginosa (Steenbergen et
al. 2005), Zn toxicity to soil microbial nitrification (Mertens
et al. 2007) and for Cu, Co and Ni to barley (Hordeum
vulgare) (Thakali et al. 2006a; Lock et al. 2007; Antunes
and Kraeger 2009). At this stage none of these has been
adopted by regulators to derive SQGs, rather the empirical
physicochemical property — toxicity algorithms are being
adopted.

While sediment toxicity testing is a relatively new field,
research has been conducted to establish if there are
relationships between sediment physicochemical properties
and toxicity. Unpublished work by Strom et al. (2008) has
found that for Cu toxicity to an amphipod, Melita plumulosa
and a bivalve, Spisula trigonella, the key factors are particle
size (i.e., % silt) and the particulate organic carbon content
(% POC).

A revision of the Australian and New Zealand WQGs
commenced in July 2009 and there will need to be
careful consideration of whether to incorporate the above
developments into the methodology for deriving the WQGs.

Relative sensitivity of species from different
geographical locations to toxicants

The current method for deriving WQGs in Australia and
NZ (ANZECC and ARMCANZ 2000; Warne 2001) uses
toxicity data irrespective of the geographical distribution of
the test species. In doing this, it is assumed that species that
occur in Australasia have the same sensitivity to toxicants
as non-Australasian species. A number of publications have
addressed this issue (e.g., Johnston et al. 1990; Sunderam
et al. 1992; Davies et al. 1994; Mulhall 1997; Markich and
Camilleri 1997; Rose et al. 1998; Hose and Van den Brink
2004; Westbury et al. 2004). However, the studies have
always been too narrowly focussed in terms of chemicals
and/or species to draw any general conclusions. In addition,
the findings have often been contradictory with some finding
differences and others finding no difference in sensitivity.

Similar concerns have also been raised elsewhere including
Europe (Maltby et al. 2003), as well as in tropical (Leung et
al. 2003; Kwok et al. 2007) and polar regions (Chapman and
Riddle 2005; Chapman et al. 2006). All of these studies apart
from Maltby et al. (2003), who compared North American
and European species, found there were differences in the
sensitivity of organisms from different geographical locations.
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In particular, Kwok et al. (2007) compared the sensitivity of
tropical and temperate marine species to a range of inorganic
and organic chemicals and found that temperate data should
be divided by an assessment factor of 10 in order to protect
tropical species. Given the findings of Kwok et al. (2007)
and Chapman et al. (2006), it is clear that organisms that
occur in different geographical locations can have different
sensitivities; this makes it pertinent to resolve the issue of
whether Australasian and non-Australasian species have the
same sensitivity to toxicants.

USING THE DATABASE

While every effort has been made to prevent errors in the
database, it is possible that some will be present. It is therefore
advisable that users refer to original data to ensure their
correctness.

It would be appreciated that if authors of work cited in this
report, or users of the database, find errors, they notify the
principal author.

There is a considerable amount of toxicity testing being
conducted but not being published that would be suitable for
inclusion in the AED — for example consultancies determining
site-specific trigger values or investigations of contaminated
sites. We strongly encourage authors of such work to send a
copy of the report to the principal author. Alternately, if there
are any issues regarding confidentiality please only send the
methods that are relevant to the toxicity testing and the results
of the toxicity testing. Such data would go through the same
process of data quality assessment as published data and
would be included in the database and be attributed to the
authors as unpublished data.

It is important that users realise that essentially all data
presented are from laboratory studies and that there are
difficulties in using such data to estimate effects in the
field. This is due, amongst other reasons, to the effects of
differences in chemical speciation, the presence of dissolved
and suspended particulate matter, the selection of the test
species and differences in chemical composition of test
waters (Markich and Brown 1999) and the highly controlled
experimental conditions and very simple test systems (e.g.,
testing one species in a test container containing only highly
purified water) used in the laboratory.

FUTURE DEVELOPMENTS

An electronic version of the database will shortly be made
available on the CSIRO web-site. This will be public domain
and will permit any user to conduct searches for Australasian
ecotoxicology data. The retrieved information will be
exportable to either Word or Excel for further manipulation.

DISCLAIMER

This document has been prepared in good faith, exercising all
due care and attention. No representational warranty, express
or implied, is made as to the accuracy, completeness or fitness
for purpose of this document in respect of any particular
user’s circumstances. Users of this document should satisfy
themselves concerning its applicability to their use, and where
necessary, refer to the original documents (where possible)
cited in the database.
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APPENDIX A

SUMMARY OF THE METAL TOXICITY DATA FOR AUSTRALASIAN FRESHWATER BIOTA.

63



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

aseyd
(2002 (baonero Iojemyos mmoid  (ds opaioiyn)  wAyd
‘e uuel] L w  powd (OFON) 900 Wy  dres Ymoid S'L LT S1JoYJuAS onels [enusuodxe ede udI8  -0JO[yD  WNIUPER)
(€8'v-70')
(0soD €5y
(sszo
-€57°0)
(0$OD #5270 oseyd  (uimppnodp wini
(5007) (T61°0-L1°0) 101eMYos ymord  -prydp.ouopy)
‘B30 KAST 9L w 18w (0sOD €81°0 Wzl  dres Ymosd S 06-08 IFLT  OURYIUAS onels [enusuodxe sede uod
(®aov
$50°0
(Daon oseyd  (wmpnon wing
(5002 18070 1318M1JOS ymoI§  -prydp.aouopy)
‘B30 KA €L w 18w OIOoD 16T (WL  dres Pmosd S 06-08 IFLT  OURYIUAS onels enusuodxe sede uod
aseyd
(5007) LsTrso) 101eMYos ymord  (ds pyasopy))
‘B30 KAST 9L w 18w soD sz Wzl  2res Ymosd S 06-08 IFLT  OURYIUAS onels [enusuodxe sede uod
aseyd
(5002) Taremyyos ymors  (ds oyjasopyD)  ekud (A
e1RAAYT €L w 18w (DIOD €61 (WL  QweIymoId +S 06-08 [FL7 OU_YIUAS onElS [enusuodxe sede usald  -o1o[yD OIUISIY
oseyd  (umppnoup wini
(5002) @Li-L1m 2pemyos YImoIs  -prydviouopy)
1B AAT 97 w 18w (sDD oyl (W7o  21eI ImoI3 +S 06-08 IFLZ OUOYUAS one)s Jenusuodxo oed[e uod
oseyd  (wmpnoap win
(002 1918M1JOS ymo1d  -prydpiouopy)
1B AAYT €L w 18w (OI3ODsLe Wzl w1 ypmord S 06-08 1FLT  OUSYIUAS neIs enjusuodxa Jede uod
aseyd
($002) (T6T-¢€0) 13108 ymoid (s pyasopyn)  eikud i
1B AAYT 9L w 1/8w son zsz (WzL  2rerypmord S 06-08 1FLT  OUSYIUAS nels enjusuodxa sedre usnd  -oiolyH J1UISTY
(Oaan) o<1
(Oaan €8z
(0LS5-¥T9) (ppuindow
(050D L¥S DpunBopy)
(€000) e O1p-7¢9) 108MYOS u0a3pn3
o HRMIwey - 8L w o IAvSt (05D b (W96 [eAIAINS S LT oudyIuAs  dnejs-Twes  plosIy (> penods ojdmd  ejepioy) wniuiuny
%) QU0 A1o1x0} Jo (1T/3w)  (T£0D%D (ud/gi)
31008 adf) dIx0)  ounseau zp uoqre) Swn) ssau AJAL {(Q,) wnIpaw sansodxs wnjAyd
DUARJIY AN[end) duo) Jo ) duod dxo] uoneanq jurodpuyg odwedi Auaeyy -pieg -onpuo) Hd dwagy IS JO PO ade)S 1 SRS JuoISIAl]  [BRIN

64



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

IN S921D
(001 01< e[agey (1dvayoput
(z00D) (OaoD 1€ Iopem pruydppouropy)
‘612 preydIo 78 w At (OQION) LT (p)9-§  ver Surpaoy [FLT  pomd)ij  dnes-lwas  plo sdep 9> UBISOOPE]D
LN Sea1d
eoSeN (1dpapovu
(2002 (6'7-¢) Topem pruydopoutopy)
612 pIeydIO L8 w s (0s0@) 1y (P)9-g  ovex Burpody [FLT  pomd)ij  dnes-lwas  plo sdep 9> UBISOOPE]D
(0s09) 01<
(0s0d) 9°01<
(020D 6
(52-0)
(ozod 6'¢
@r-1o)
(€omM Lo
(1-0) LN 01D
($o9) 8°0 ejaSeN Jejsul (1vapoouu
(2002) oD 11 IpEM aanonpoxdar  pruydopouropy)
612 pIeydIO L8 w s 001D 96 (Mo over Surpaoy [FLT PO ONes-Ids  pug ‘synpe UBISOOPE]D
AOM—OJV 8’1 IN J~®®.~U
(DaoN) T'1 e[aden Iejsur (1dvaponus
(2002) (QaoD 1t IpEM aanonpoxdar  pruydopouropy)
‘[819 pIEYDIQ 78 w 181 (DFON) 0 (Woz  der Suipasy IFLT  poIaNyg omelS-TUISS  puUy ‘synpe UBIDOOPE[O BIJBISNID)  WNIWPE))
(1'1-66'0)
(050 1 aseyd
(2000) (ri-n oemYos ymois  (ds pjpaaopyD)
B uwpuer] G/ w nL (0soa) 1 (WgL  ores ymoid G’ LT  OnoyjuAs oness Jenusuodxo oed[e uoaig
aseyd
(z00?0) (5°1-18°0) 12yemyos wmoid  (vds vjjaiopyn)
e unjuel] G/ w powr  (0$DHA) SO (WL 91ed ymoid L LT O1I9YIUAS onels Jenuauodxa ae3[e usaI3
oseyd
(z00?0) (5°1-18°0) 1oyemyos wmoid  (ds vjjaiopyn)
ewunuUery ¢/ w powrt  (0sDA) S0 (W8P 9181 moi3 SL LT J1BYIUAS onels [enusuodxa oed[e usaIld
(§1-18°0)
(2401 900
(5'1-18°0) aseyd
(z00?0) (030N 1oyemyos wpmoid  (dsvjaiopyn)  eihyd
e upuery o/ w  /owr 900> (PzL  =1el ymmos3 G'L LT  ONAYUAS onels [enusuodxa oed[e UdAIS  -0IOJYD WnNIWpe))
(%) QU Krorxoe) yo (1/8w) (1028 (wa/g)
a10ds  adfy oo}  aunseaw 7% uoqJae) Swn) ssau A)AL (D,) wnrpaut aansodxd wnjiyd
WA L1end) dJuo)) Jojiun  dUed AIX0], uoneang jurodpuy dwedi) Auuneyy  -pieg -pnpuo) Hd dudg, 1S9 JO PO aseyg oIy soadg /uorsiAlq  [BRA

65



Langdon et al

Vol. 15, pp. 51-184, 2009

I31eM JSATY
$8I-491) uesdoN
(0som ¥L1 Swuado -Ang (vssa.udop
(£002) (Oaan) vor aATRA 0¥ -SMeH wwLi-LT v]jopIAH)
Te1 YOPHeN 6L w A (p1odd) 86 (Wgy  uoneinp 89 0T  oueyuks  ySnosyl-mol Ul [joys 3A[eALG
(881-0LT)
(0s09) 6L1
(s81-L91)
(050d) 9L1
(z61-7L1)
(0509) 781
Qaanw) 111
(OIan) z11 J91BM DALY
(Qaam) st ueadon
(01099) ¥01 Suruado -King (pssaudop
(€002) (01044 901 QAJRA 1'0F  -someq wwy//-/7 ojPpLIAT)
230 PODIEN 6L w o 7A (010d9) $01  (Wgy  uonemp §'9 0T  Oueyuks  ySnoiyrmoy WBu [[2ys OA[BAIQ BOSN[IO]N  WNIWIPE))
I91BM («o1on4gs2p
(L00T) surew qojN 0404 ))
epogeBnN (LL5-96€) SoF pasony (pg2) ysyLeso
pueqy L. AN TBMT (050D ey (W96  Anenow 7¥88 8§ IFIT uoqred  OuE)s-Twos soruoAnf Jo AqqeA
Jarem (4010n.4159p
(L007) surew PN x042y"))
epogagnN (6LL-085) S'0F parayy (ps7) ysykero
pueqy L. AN 1AM (050D eL9 (WL o Anjeuow 7F88 8 IFI7 uoqies  onels-fures  sflusAn 1o Aqqek
RESIIN (4o10n.415p
(L007) sulew q[ojA X040Y)))
epogeBnN (6601-064) S'0F parely (P82) ysyLerd
pueqy L. AN 1AM (0sDDel6  (Wsy  Aneuow 7F88 § IFIT uoqmd  opeis-lwes  sojiuaan 10 £qqe
Io18M (4010n.4359p
(L00T) surews qajN X042y}
epo3adnN (oLs9-61¢€1) SOF paray (P82} ysykern
wueqy L. dN 181 (0sOoDTe91 (Wrr  Aenow 7788 8 IFIC UO0qIEd  OnEIS-TLS sofruaAn( 10 AqqeA eo0ORISNI)  WINTWPE])
(%) AU0Y  Aprxo) jo (13w)  (1£0DeD (wma/gri)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxa winjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 189], JO IPOIN ade1§ Iy SARAS JuoISIA]  [BRIA

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Australasian metal toxicity data - IV

66



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

asoon|3
(5002) (97€7) -Opl 3o 107RMYSO amyno  ('ds pramdz)
[B10 S50y 99 w /e (osoa) sz (W  uonefuursse or §9 0  OUAYUAS one)s pIo U-%T BLISORq
asoon|3
(5002) (L0-9°0) -Opl 3o 10YRAYSOY oo ("ds primy)
o1 SI30Y 99 w /e (os0a) L0 (Y  uonefuursse or §'S  0¢  OULYuAsS oness Plo Y-+ eloeq  euepeyg  Ieddop
(8L1-091)
{(0s0d) 691 137eM I9ATY
(061-0L1) ueadan
(050d) 081 Suiuado -£mnq (pssa.dap
(£000) (F61-vL1) oA[BA 1'0F  -soymey wwi/ /-7 VljapHAL)
[ 10 YOBRIN - 6L w181 (0s0T) P81 (Wey  uonenp ¢'L 0T dueyuks  ySnoiyl-moly ySug) [jays SA[EAIQ
aam) s11
(daanw ol 1 157EM 10ATY
(0FaAM +o1 ueadaN
(01089) 86 Sutuado -Aing (pssaudaop
(£002) (010449) €01 2ATEA ['0F  -Someq wui/ /17 DJjapLALT)
210 PR 6L w81 (010dd) 901 (Wgy  uouenp 'L 0T OdudyuAs  ySnoayp-mopy y3ud] [[oys OA[BAIq
197eM JISALY
(081-091) ueadoN
(0503 0L1 Suruodo -Amgq (vssaadap
(£000) (Qaanw) o1 2A[RA 1'0F  -sovmey Ww/ /-7 pl1apradry)
[ 10 YOBRIN - 6L w 1B (0109€) 96 {(Wey  uonenp €L 0T dueyuks  ySnoiyl-moy ySug) [jays SA[EAIQ
(921-861)
(0509 L91
(061-2L1)
(0504) 181
($81-991)
(osod) sL1
(Oaam) 811
(Oaan vol 157EM 10ATY
(oaam Lot ueadaN
(01089 101 Sutuado -Aing (pssaudap
(£002) (o1049) 86 2ATEA ['0F  -Someq wui/ /17 DJjapLALT)
210 PR 6L w80 (01odd) 801 (W uonenp L 0 oudyuds  yBSnoayp-mop y3ud] [[oys OA[BAIQ BOST[[OJN  WINTWIPE))
(%) AU0Y  Aprxo) jo (13w)  (1£0DeD (wma/gri)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxa winjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 189], JO IPOIN ade1§ Iy SARAS JuoISIA]  [BRIA

67



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

MSN ee1)
sApped
D asoon|3 woJj
(5002) (11-01) -Opl1 jo 107BMYSOI (ds pranaz)
€30 YPLUEN 79 w g (osoD 11 (Wy  uonejuuisse orl L 0t [eneu oues AN BLISYOEY
MSN 001D
sApped
o asoon|3 woJij
(5007) (91-8) -Jy13o Toremuysaly (-ds pruranisy)
Te 13 YOBN - 49 w an (osoD 11 (Wy  uone[uuIsse ST L 0f  Jemeu ouess AN eLI2108q
MSN ee1)
s,Apped
o asoon|3 woJj
(5002) (¥1-6) Or1Jo 107RMYS] (ds prgavi)
B30 YODIRA 9 w g (osop €1 (wy  uone[uuisse SLE 19 0¢ Jeimjeu oues AN eLIgIOEq
MSN Hoo1D
sApped
o asoon|3 woJij
(s002) (01-5) -Oyl o 13emysay (-ds pruranisy)
Te 13 YOBN - 49 w an (0sOD8  (Wp  uowe[uuIsse o1 I'9  0¢  [emeu ouess AN eLI2108q
MSN 01D
sApped
o asoon|3 wolj
(5002) (6-9) Or1Jo 107RMYS] (ds prgavi)
€30 YPLUEN 79 w g (osoD8 (W uonejmusse ST I'9 o€ [eneu oues AN BLISYOEY
asoon|3 MSN
(5007) (0503 -OvLio wWoIJ 191eMm amyo (s prasy)
Te10 51980y 99 wo /e 0ve-v'¢  (Wy  uone[uIsse 0€  QULIdALI onels PIO Ut BLI210Eq
osoon|3
(5002) (1-v'0) -Op1 40 107BMUYSOY omyno  ('ds prnig)
Te 12 81080y 99 wo 9B (0s0a) 90 (Wy  uowe[ulsse oy §'L  0f  oueyiuks oners PIO U2 BLI0W0Eq
3soon[3
(5002) (T -Opl1 jo 107BMYSOI oo (*ds prgatig)
e 1251980y 99 w78 (00 9 (Wy  uonejuuisse 00t §'9  0f  duLyiuks oues PIo Y4-17 BLISYOEY
asoon|3
(5002) (8%6°0) b1 30 ToyeMYsa amyno  (ds praady)
el s30y 99 w /8 (0soa) v'¢ (Y  uone[nuisse 0z1 §9  0f  OURYUAS onels pIo U-%2 eLoeq  euepeqg  Jeddop
(%) HUGd  £I1X0) JO (1/8w) (100D (wa/g)
21038 ad4) dIx0)  dunseswr uoqJae) Sur) ssau A31AL (Q,) wnipaw aansodxa wnjAyd
DUIRIY A)end duo) Jojyu) dued IXo], uonevang jutedpuy dwedi) Auuiey -pieg -jonpuo)y Hd duwap, 19T JO 3pOA ade)g oIy SARAS /UOISIAL  [BPIN

68



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

aseyd (vsourdniav
#007) (050D sL°0> 1918MYOS qmoId S1SA204014] )
el uIpURL] (L w A (SO §L°0> (WL o pmord SE-0¢ 8F-0F [T ouatuks oners [enueuodxs oed[e usars-oniq
aseyd (psouidniap
(¥002) (050D sL°0> I3BMYOS pmord  susdoooyy) BLIsORq
e uIuUeL] QL w 187 (0SDD SL 0> (WSy 9Bl ymor3 SE-0¢€ S0t 1z JIJOYIUAS one;s [enusuodxs sed[e usaid-anjq  -OuUBAD 1addopy
N
(s002) D €Lr1ro -Op130 Iemysaly (s prusanis)
Te1s YODHEN 9 w g (osoD9s (W  uone[rwuisse vLE 0€  o1RYIUAS oness IN BLIR10Rq
asoon|3
(s000) glie) (S760) -Op130 Topemysoy (s prusanis)
Te1s YODHEN 9 w g (osoDt'e  (Wy  uone[rwuisse szl 0€  o1RYIUAS oness IN BLIR10Rq
N
(5007) mo ®7¢0 -op13o 1o1eMysdY (tds pryaie)
210 YOBRIN - 9 w g (oso1 sz (Wy  uonejuuisse 4% 0¢  oueyuds oness AN BLI2JOEq
MSN®RID
sApped
o 3s0on[3 woy
($000) (01-6) -ov130 To1emysoI (-ds prugai)
210 PDIBN - 9 w 3 (0soD 01 (W  uone[uuisse L L 0¢ [emjeu oners AN BLIOJOEQ
MSN ¥s21D
sApped
o N woJj
(s002) (01-6) -Op130 eremysaly (ds pruonas)
e PBIeW - 9 w an (osoD 01 (W  uonefuuisse 4! 8L 0¢ [eimeu aners AN eLII0Eq
MSN®RID
sApped
D asoon|3 woij
(s000) (€1-zD -Op130 oremysaly (ds pruaig)
Te1d YoDIEN - 9 w ar (osoD €1 (Wy  uone[uisse 4 8L 0¢ [ednyeu aners AN eLI91oeq
MSN BRI
sApped
3s0on|3 o}
($000) gliel (€1-0D) -ovi 3o To1emysoI (-ds prugai)
210 PDIBN - 9 w g (osoD 11 (W uoneruuisse L L 0g [emjeu oners AN BLRJOBQ  BLOPRY  Jeddo)
(%) QU0d  Aydrxop jo (1/3u)  (10DeD (/g
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxa winjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 189], JO IPOIN ade1§ Iy SARAS JuoISIA]  [BRIA

69



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

aseyd
(2002) (03071 LO0 Ioyemyyos mmord (s vyjadopy))
Bl UURL] (L w  powd (DFAON) o0 (Wsy  er ymord S'L LT J1IOYIUAS onels [enuauodxa segd[e usaid
81D
(0s0M 91
(669
(0sOD vy
(9-5°¢)
(0s04) 9% aseyd
(2002 (8-L9) TOoF Ioremjos mmors (s pjjadopy))
e uIuUeL] 8/ w /87 OQI0D €L Wz 9wl ymoss 6 Sl S'L ¥ JIJOYIUAS one;s Jenuauodxa oe3e usaid
(OaoD 9
(Oaon el
(MOaovee
(®aonze
(OION) 6
(OaION) ¥'T aseyd
(z002) (OaoN) 1'1 To¥ 1018M YOS ymoid (s pyjasopyD)
e uIuUeL] €/ w /87 (OIoN) Lty (WzL 1Bl ymold 6 Sl S'L ¥ JIJOYIUAS one;s Jenuauodxa oe3e usaid
(L8-8¢)
(0so 1L
el-€€n
(010m) 91
(5000) (9'1-L°0)
‘[& 10 2198 0103 1 aseyd
-oyduwreyog (L'1€-L97) 1o1eMYS2I) ymoid  (ds pyaiony))
aq oL w981 (0SDA) 687 (W8y 918l ymoid T OIIOYIUAS one;s [enusuodxo oeg[e usoI3d
w1-1'L)
(050D 86 aseyd (-ds
#007) (o¢10 10]BMJOS YIMOIS SPUOUIOJaYIDA] )
el uIpURL] (L w7/ (oson 8z (gL  overymord SE-0¢ 8F-0F [T ouatuks oners [enuouodxs prous|3na
Os-Ly)
(050D 1's aseyd (ds
#007) Fe-<0) 191BMYOS moI3 svuowiojpyond])y  eIAyd
el uIpURL] (L w7/ (oson L'z (Wsy  over ymoid SE-0¢ 8F-0F 1T ouatuis oners [enusuodxa prows[gna  -oroyy  Ieddol
(%) QU0d  Aydrxop jo (1/3u)  (10DeD (/g
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssou AJ1AL (D,)  wnipaw ainsodxa wnjAyd
NUIARIY Aiend) duo) Jojw(} dUed X0, uonein juwiodpuy owediQ Auueyy -pieg -jonpuo) Hd dug 189], JO IPOIN ade1§ Iy SIAAS JUOISIAL  [BIOIAI

70



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

(Oaon L9
(Oao L8
(Gaov ¥l
a0V ¥L
(baoD 8L aseyd
(L002) (OaonLe wnipew wmo1d  (ds vyjaiojyy)
‘Te 10 uosuyo 89 w /81 OAoN) 88 (WzL ymoid 1FLT S/INT one;s [enusuodxo oeg[e usoI3d
(OION) 18
(030N €'
(OFON) 1y aseyd
(L00T) (030N ¥'E wnipaw mmosd  (ds pyjasopy))
[e 12 uosuyof 89 w o 7At QFON) £ (WL 1013 IFLC SN oners [enusuodxa oeg[e usaId
aseyd
(z000) (1-z6'0) JoRMYOS pmoas  (ds vyrasory))
(Bl WIPURL] G/ w nL 0sD) s60 (WzL oI ypmord $'L LT ITPYIUAS onels [enusuodxa sed[e usaIg
aseyd
(z000) €ro-11r'o JoTRMYOS pmoas  (ds vyrasory))
e uUpUeL] G/ w  pown  {psOA) 110 (WzL o 9vel ymoId SL LT JTYIUAS onels [enusuodxo oeSe usaI3d
oseyd
(2000} (Od071 600 1OJEMYOS ymoss  (ds oyaa07y))
B UIURL] (L w  owd (OFAON) L0°0  (WgL  erel ymosd SL LT O1JOYIUAS oness [enuauodxa se3e usaId
aseyd
(z00D) (11'0-80°0) JareMmYyos wmord  (dsvjjatopyn)  ekyd
BRUWpPURL] L w pown  (9sOH) 600 (WS 9Bl yimoid gL LT OTOYIUAS onels [enusuodxa sede uso18  -o1o[yD 1oddony
(%) QU0d  Aydrxop jo (1/3u)  (10DeD (/g
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxa winjAyd
NUIARIY Aiend) duo) Jojw(} dUed X0, uonein juwiodpuy owediQ Auueyy -pieg -jonpuo) Hd dug 189], JO IPOIN ade1§ Iy SIAAS JUOISIAL  [BIOIAI

71



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

@i
(osoD 'L
L9
(050D 89
0SOD 6°L
(T6L'S)
soD v

(8-87¢)
(0sDD 879
(0sDD €L

(o'zi-¢'on
(0soD 1°11
(TL-6F)
(sZoD 96
(9-%)
(s7oD ¢
(L01-6)
($ToD 8°6
($ToD 98
(6'11-9°¢)
(sToD T8
(sZoD 79
(6581
(9400129
L)
oD LY
(611-¢6)
010D ¢
010D ¢

(6v1)
©IoD 9t
1o LY

(9°6-0)
010D 1'6

(L00T) (9°9-L°0)

e 1R UosUyor 7/ w /8 (o1onsz WL moIs

wnpaw
IFLT ST

oness

aseyd
qmoId
[enusuodxa

(ds ppaa0yny  ekyd
sede uso18  -o1o[yD

1oddony

(%) LAU0d AJ101X0) JO
3100s adf) JIxo)  dinseowr
RNUAIRJNY Anpend) duo) Joyu  Juod Ixo], uopeinq jurodpuy

(178w} (1£0DeD
uoq.e)) Sur)
swesiQ Ay

(wrd/g)
ssau Ayar (D.)  wmipaw
-piey -onpuo) Hd dwag, 191

ainsodxa
JO 9POIN

a3e1s Iy

wnjAyd
sa1dg JuorsiAlq

183N

72



Vol. 15, pp. 51-184, 2009
Langdon et al

MSN Y1)
sApped
7m0 woy aseyd .
(002) g (z€-90) oremysay Wmois  (ds vjjasory))
B 10 YOMBIN 98 w OSOD 0 (YWY  UOISIAID [[29 ol 1'9 [eineu nels renuauodxd oege usaild
MSN 33315
sApped
o o} aseyd .
(5007) - (sv-0v) 1etemysaly ymos  (rds vyja0pyD)
B0 UIDMRIN 98 w 0sOD 8y (W8  UuoISIAID |99 ST 19 [eanjeu onels [enuauodxa segd[e usaid
(€60
o (0s0a) € aseyd
(6002) ari (Teo S'L mmors (s pyjasopy)y)
Te19 KA L w (0sDA) 1'e (Y7L  orerymoId 06-08 4L L7 Io1emyos one;s [enusuodxo oeg[e usoI3d
(0a07D €
Ao (Oaov st aseyd
(6002) s (OaoN) €T SL ymord  (ds pyjaiopyr)
Te19 KA 69 w (OdON) €7 (WzL  o1elymoId 06-08 4L L7 Io1emyos one;s [enusuodxo oeg[e usoI3d
8z-LD
1m5 {0509 8T aseyd
(6000) o (v-0) Joyemyos waoid  (ds vjjaiopyD)
Te19 KA L w 0sDA) 61 (WzL 21eIymmoIs ard $9 LT AIaA one;s [enusuodxo oeg[e usoI3d
(a0 1
(a0 1 aseyd
gfve] ( ) .
(6007) DHON) > I9]eMIJOS ymoid  (ds wyaiopy))
TBIRAAYT 69 w i (OIAON) 1> (WzL 9wiymord -7 [ K19A onels [enuauodxa segd[e usaid
(Ls-99)
(0s09) 9t aseyd
md .
(6007) ari (68T-v11) ojermyjos ymos  (rds vyja0pyD)
TR0 AADT ¥ w (0sDd) 807 (WzL  oe1ymord -7 L'S LT A12A onels [enusuodxa oeg[e usaId
(0a07D S§
(Oa0D § aseyd
(6007) amy  (DFON) 9T ESENSINY ymoss  (ds pypasopyn)  ekyd
TBIRAAYT 69 w 3 OION) ¥ (WzL <wiymord -7 L'S LT K19A onels [enuauodxa sedle usaid  -olo[yD 12ddopy
(%) AU A131x0) Jo (1/8w)  (1£0D%D (wo/g)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxa winjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 189], JO IPOIN ade1§ Iy SARAS JuoISIA]  [BRIA

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Australasian metal toxicity data — IV

73



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

MSN 3315
sApped
o wolij oseyd
(5007) - 11D 1etemysaly ymos  (rds vyja0pyD)
B0 UIDMRIN 98 w W0sOD 11 (WY  uoISIAIp [[99 ST 8L [eanjeu onels [enuauodxa segd[e usaid
MSN 21D
sApped
o o} aseyd
(5000) 3 (8t-¢t) 1o7RMYSTy waoid  (ds vjjaiopyD)
‘[B10 YOIUBIN 9% w ©OSDD sy (Y)Y UOISIAID [[99 SLE L [eInmieu one;s [enusuodxo oeg[e usoI3d
MSN ¥eID
sApped
7m0 woy aseyd
(5002 an (0t-9¢) Iremysaly qois  (ds pyaiopy D)
[e1° YoUBIN 98 w 0sDD 8¢ (W8y  UOISIAID [[°9 ol L [eimjeu one;s Jenuauodxa oe3e usaid
MSN Y1)
sApped
M woy aseyd
(5000) g (6t-C) oremysay Wmois  (ds vjjasory))
B 10 YOMBIN 98 w ©OSOD 9% (Y8Y  UOISIAID [[29 ST L [eineu nels renuauodxd se3e usail
MSN ¥eID
sApped
mo woij oseyd
(5000) o (Lo oremysaly ymoid  (ds vyjaiopyD)
‘[e19 YODURIN 98 w SO sz (Y8y  UOISIAIP [[29 SLE 59 [einieu one;s [enusuodxa oede usoi3d
MSN 21D
sApped
D woy aseyd
(5007) gri (€91 Toremysay ymois  (rds vjjaopy))
[B10 UODMBIN 98 w 0sOD 61 (Y8  UOISIAID [[29 fial $'9 |eimeu Jnels [enuauodxa se3e usaId
MSN 921D
s&pped
mo woij oseyd
(5000) o (rt-8¢) oremysaly ymoid  (ds vyjaiopyD)
‘[e19 YODURIN 98 w ©OsDD zy  (W8y  UOISIAIP [[29 Sz 59 [einieu one;s [enusuodxa oede usoi3d
MSN 33315
sApped
o o} aseyd
(5007) - 81-vD 1etemysaly ymois  (ds opjasopyp)  eikud
B0 UIDMRIN 98 w 0sOD 91 (WY  UuoISIAID |99 GLE 19 [eanjeu onels [enuauodxa sedle usaid  -olo[yD 12ddopy
(%) AU A131x0) Jo (1/8w)  (1£0D%D (wo/g)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxa winjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 189], JO IPOIN ade1§ Iy SARAS JuoISIA]  [BRIA

74



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

(1'1-6'0) aseyd
(9002) (0soD 1 Io1emysay ymoid  (vds oyjaiopy))
TeRIPIM 98 w181 (Qaaw)so  (Wsy amord 81-0t 091 8 LT  oueyluds onels [enusuodxa oe5e usaIs
(T1-n aseyd
(9002) OsoD 1'1 I01BMUYSALY ymois  (ds pyjaiopy))
TeRopPIIM 98 w 1A QAaan o (Wsy mord 84-0t 091 'L LT oueyuks oueys [enuauodxs oe3[e usaIs
(6 1-5°1) aseyd
(9002) (0soD L1 Io1BMUYSALY ymois  (ds pyjaiopy))
TeRopPIM 98 w78 (Qaanw) 8o (Wsy mors 84-0t 091 L LT ouneyuks oneys [enuauodxs oede usaIs
(1I¢-€7) aseyd
(9002) (osoD LT IOTBMUSAL) mmoss  (ds pyrasopy))
Te1R9PIM 98 w AT Qaanw Tl Wsy yimois 8%-0F 091 §9 LT duoyuds onels [enuauodxa oeB|e uoais
(1'8-1'9) aseyd
(9002) (0soD 1L Io1eMysaL ymos3  (-ds pyjauopy))
TEROPIIM 98 w 9B (QIaaw) T (Wsy ymord 8F-0F 091 9 LT  Oueyuhs ones [enusuodxa oE3[e usaIs
(zz-91) aseyd
(9002) {(0son 61 Io1eMySaL ymosd  (+ds pyjauopy))
TER9PIIM 98 w A (QIaw) 9T (Wsy ymord 8F-0F 091 ¢ LT  ueyuAs oneys [enuauodxa oE3|e usaIs
aseyd
(s002) plie) 80 1o7BMYSOY ymo1d  (ds vyja40p4))
‘110 YOHRN 98 w 3 SO '€ (U8y  UOISIAIP [[29 vLE J1JAYIUAS onels [enuauodxe sege uaasd
aseyd
(s002) glie (Ts-9 107BMYSIY pmo1d  (ds vjjo10pyD)
‘810 YOIsBA 98 w g 0sOD '€ (Y)gy  UOISIAIP []92 STl JNOYIUAS oness renuauodxa oe3[e uoaId
Mo aseyd
(s002) i (998D 107BMYSIY pmord  (ds vjjosop))
‘810 YoIsel 98 ur 0sOD s+ (Y)gy  UOISIAIp []20 ¥ INIYIUAS ones [enusuodxa oege ueaId
MSN 2RID
sdpped
mo woly aseyd
(5002) 2 €1-11) IoremUysaYy ymot3  (ds pyatopgD)
B30 YoIpRA 98 w 0sON z1 (Y8  uorsiAIp [[20 SLE 8L [eanjeu ane)s [enuauodxa oed[e u2aIs
MSN AR31D
sApped
s woly oseyd
(5002) 3 (¢1-z1) 1oyRMUysal ymord - (ds pjjasopyd)  eikyd
B0 yOBA 98 w n 0SOD¥1 (Ygy  UOISIAIp []99 orl 8L Jeanjeu ouels [enuauodxs oeSe uoaid  -oo[y)d 1addon
(%) AU0d  ANdIx0) Jo (1/3w)  (1/£00%D (w>/gi)
a00s  adf) oxo)  dunseow 7P uoq.ue)) Sur) ssou ANAL (Do)  wnIpdw dansodxd wnjiyd
UAIRIY L1end) U0 Joun  duod Axo], wopeinq jHutodpuyg odwesiy Auueqy  -pieg -jonpuo) Hd duwag, ISOL JO 3pOoIAl EElaTNE) 1 | sopddg /uorsIAlg  [eIIN

75



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

(€L-6°¢)
(050d) 99
(6959
(0508 79 VLT
(2'8-8°9) moyiim (mopdpogns
(0so) 5L wnipawt aseyd pjjpLi2U
(2002 (ozvD ToF prepueis MOIT  -you1yopnasd)
Te1s upueL] gL w /s (osoa) L1 (gL  ererymord 6 Sl SL  ¥T  vddsn onels [enusuodxa sed[e usaId
(Oaov gt
(OaoD 99
(Oaoner
o
( oYM (vondpogns
(baoNy 6'1 wnipaw aseyd pjjoLI2U
(2002 (03I0N) 8'1 ToF piepue)s YIMOIZ  -you1yopnasg)
Te1e upueL] €L w AT (QION) 9F (WL eI ymord 6 Sl SL  ¥T  vddsn onels [enusuodxa sed[e usaId
(9°6-8°¢) (mondpogns
(0$01) 9% aseyd vjjaLLU
(¥007) (85-8°¢) Ioremjos [IMOIS  -yodyopnasy)
el uIpURL] (L w7/ (oson Ly (Wze  over qmord SE-0¢ 8F-0F [T ouatuks oners [enuouodxs oeg[e usaId
(89-6¢) (viondoogns
osoD 1°¢ aseyd pjja1LU
#002) (9519 Ioyemyyos WMOIZ  -y2u1yOpnasd)
el UURL] (L w 1/9M oDy Wy  es ymord SE-0¢€ S0t 12 J1IOYIUAS onels [enuauodxa segd[e usaid
v.1d4d
(1r1-s'0) moyim (vindpogns
(050} 8°0 wnipawt oseyd pjjaLioU
(6002) /mD (6'0-8°0) S'L prepuels [MOIS  -y2u1yOpnasd)
10 KA pL w 3l (0s0a) 80 (gL  orerymors 06-08 L 1T vddsn one)s [enusuodxe oed[e usaI3
. VI1d4d
(DHO0T) §°0< 1NOYIIM (piwondoogns
(040D 90 wnipaw aseyd 21U
Ip Y 1
(6007) )y (OION) §°0< S'L piepuels ymoI3  -yoaryopnasg)  e1Ayd
TR0 AADT 69 w g OION) €0 (WzL w1 ymord 06-08 YL 1z vdd sn onels [enusuodxa sede uso18  -o1o[yD 1oddony
(%) AU A131x0) Jo (1/8w)  (1£0D%D (wo/g)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssou AJ1AL (D,)  wnipaw ainsodxa wnjAyd
NUIARIY Aiend) duo) Jojw(} dUed X0, uonein juwiodpuy owediQ Auueyy -pieg -jonpuo) Hd dug 189], JO IPOIN EX1aINE) 1) | SIAAS JUOISIAL  [BIOIAI

76



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

(£€-82) S[IoyMm (wns.owap
(9002) (0s09) 1¢ 70F 1o1eMYS2I) Jeo] ¢ wnjidydop.ia)y)
ERYDIEN g6 W TAT (OIAW) 66 (D96 190 [810) 06 0L TFLT OobeyuAs  opeis-uds ‘plosAep o1 pomuwioy pidu
(I1-1'6) s[Ioym (wns.routap
9002) (0s0d) 01 T0F I21BMUSaI) Jea[ ¢ wnjilydoip.iary)
Te1s YODHEN €6 w AT (OFdAW) €5 (W96 yiBus] wels 06 0L IFLT oueyiuks  oneis-lwes ‘plosAep 0]  Momuioy pISu
(0r-$©) sjIoym (wns.ouap
9000) (0s0a) L€ T0F Ia1emysaly Jea[ ¢ wnplydoin.iary)
Te1 YOPHEN €6 w AT OIAN) ST (W96 sproustored 06 0L 1FLT oueyiuks  ones-lwes  “plosAep 0]  Momuioy pigu
(868 s[Ioym (wns.routap
9002) (0s09) 6'8 0T Io1BMUSOIJ Jea[ ¢ wnjilydoip.iary)
TERYDPIEN g6 W TAT (OIAW) €S (Y)9e  ssewolg 06 0L TFLT OWeuds  oneis-Twes  ‘plo skep o] pomuloy pidn
(1¢-97) sjIoym (wuns.ouiop
(9002) (0509 8¢ TOF Ia1BMUSDIJ Jes| ¢ wnjidydon.ia)))
212 YOPHBN €6 w AT OIaW) €6 (Wee UL [eiol S¢ 0L 1FLT oueyiuks  ones-lwes  “plosAep 0]  Momuioy pigu
(11-6'8) s[Ioym (wns.coutap
(9002) (0s03) 8°6 TO0F Ia1eMUSY) Jes] ¢ wnjlydow.ia)))
TeRWMHEN €6 w 1A QIamd s (W96 wSud] was s¢ 0L TFLT OUOWUAS  onis-Twds  “plosAvp O] Womwoy pSu
(8¢-¢€) s[Ioym (wins.coutzp
(9007) (0509 9¢ 70F IoTBMUSDLJ Jes| ¢ wnpdydom.a)y)
Te 10 PDIEIN - €6 w781 QIam) vl (W96 sploustored 99 O'L IFLZ OneWuks  onels-lwes  ‘plosfep 01 - HomuwIoy pisu
(T6-9L) s[Ioym (wins.coutzp
(9002) (0soa) +'8 707 197BMYSaly Jes| ¢ wnpdydomwaa))
TRPDIEN 6w TET (OIAW) 9r (96 ssewolg 93 0L TFLT OLRWUAS  OnBISTULS  ‘plo sAep 0T HomwIoy pi3u
(6'91-¢'s1) (sypyoounban
(9000 (0s0a) T91 0¥ 1oTRMYSIY puwia7)  ekyd-
Te 10 sleyD 68 w AT QIaAW Te (W96 ymoIs §'9 IFLT OUOYUAS  OUEIS-IWOS  SPUOY T] posmponp orjousely  1oddo)
(€oz-zn)
(0so® 971
(S'19-9%)
(0soa) 6728
(5002) we-sn) v1ddg (piwondoogns
‘e 10 a1o8] (oo LT oYM aseyd vjjaLLU
-oydureyog (€vz-L11) 191eM ymoI3  -yoaryopnasg)  e1Ayd
2 oL w987 (QIDA) 691 (WS  91el ymoid 1F6T 1591 dDH0 onels [enusuodxa sede uso18  -o1o[yD 1oddony
(%) AU A131x0) Jo (1/8w)  (1£0D%D (wo/g)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssou AJ1AL (D,)  wnipaw ainsodxa wnjAyd
NUIARIY Aiend) duo) Jojw(} dUed X0, uonein juwiodpuy owediQ Auueyy -pieg -jonpuo) Hd dug 189], JO IPOIN EX1aINE) 1) | SIAAS JUOISIAL  [BIOIAI

77



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

(v1gnp 3o
(S007) Fe-62) uolje I91BM S9JBUOAU  DIUYdDPOLID)))
JeR Uk 06 wo /e (osod) ze  (Wsy  -syiqowwl €1 OFl  081-091 L  [FST deom [emjeu  ones PIO Y-tC > UBIS00PE[D
(0504) 09
(0s04) 86
(0s09) 58
(0509) 89
(0509) 8¢
(0s09) Lg
(0509) 81
(0s09) s¢ (v1qnp 3o
(5000} (050D €1 uone BIEM sojgu0eu  pruydoporiasy)
[e1R2ukH 06 w /e (0s0a) s (Wsy  -simqowur 0¢ a4 081-091 [  1¥ST deamdermeu  onels plo U-$T > UBIad0pE[D
(v1gnp 1o
(s00D) (S¥-6£) uone Jo1em sslgUORU  pruydvporia)y)
e sukH 06 w /s (osoD Ty (Wsy  -syiqowual €l ST 081-091 8L 1¥ST Jeamo [eimeu  oners pIo U-#T > UBIa20pe]d
(vrqnp 3o
(s002) (sz10 uone Io1EM s3jRUOSU iUy dppolia)))
TRy 06 w7/ (osoM €z (wWgy  -siiqourur €1 ST 081-091 L  I¥ST P00 [eImjeu  dUEls PO U-#T > UEIOOOPE]D
(v1gnp o
(5007) (z1-01) uone Ia1eM S91BUOSU  DIUYdDPOLI)))
TRy 06 w7/ (0soM 11 (Wgy  -siiqouwrur €1 ST 081-091 9  IFST JeeI0 [eImjeU  dUEIS PO U-#T > UBIDO0PE[d EOORISNI)  1addop
(re-60)
(0509) 1€ S[IoyMm (wns.owap
(9002 (Ogam) TOF TjeMysay Jeo] ¢ winjjdydoip.ia)y)
el YOBHEN €6 w /e 801 (W96 1y [e10) 933 0L TFLT ouoyiuks  ones-lwes  plosAep 0] Mooy pISu
(zi-oD) SpIoym (uns.sowap
(9002) (009 11 0T Io1RMUSAI) Jea] ¢ wnjdydop.ia)))
210 PDIBN €6 w AT (QAaW) 9 (W96 yidud] wals 933 0L IFLT oueymuks  ones-lwes  ‘plosAep 0]  Momuioy pigu
(Iv-L€) SpIoym (uns.sowap
(90027) (05D 6€ TOF Iaremysay Jes] ¢ wnjlydow.ia)))
e WPBIEN €6 w o 7Ad (OFaW) LT (W96 sprousjored seg 0L IFLT OUdMuAs  onels-rwes  plo skep 0] LOMUIOY pISLL
(11-6) s[Ioym (wns.coutap
(90027) (0sD9) 66 TOF Iaremysay Jes] ¢ wnjdydomw.a))  ekyd-
TR POBIEN €6 w o 7At OIFam) 1s (W9 ssewolq seg 0L IFLT Oouequis  onejs-rwes  ‘pjo skep o]  womuioy pidu orouSey  1eddol
(%) AU0Y  Aprxo) jo (13w)  (1£0DeD (wma/gri)
31008 nuab J1X0) dInsgam uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxs wnjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 1891, JO dPOIN Ade)s Iy SARAS JuoISIA]  [BRIA

78



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

SO1BUOU (p1gnp
($002) glule) wivn uoue JIoremUysaly Plo U-yT>  pruydoporsa))
810 YDUBN €8 3n (0son o1 (wgy  -syiqowwl vLE 1767 dusyjuhs oners oBwoy UBISO0PE[D
S9IBUOU (p1gnp
(007} glie] L1-vn uone Io1emysalY PIo U-y7>  pruydoporiay)
210 PDURA €8 gl (oson 91 (wey  -syigowwl 24 I1FST  d1dYJUAs anels a[eway UBI2I0PE]D
(v1gnp 3o
(S007) 6'1-<'1) uonje 19]eM]OS SojeUOdU  pruUYydppolia)))
‘210 ouAH 06 /81 (osom) 91 (wgy  -siiqowwl 0¢ a4 081-091 §'S 1FST  OUAYuUAS oness pIo Y-+ > UBIODOPE]D
(vrqnp 3o
(S007) wivn uonje 19]eM]OS SojeUOdU  pruUYydppolia)))
‘210 ouAH 06 /81 (osom) 91 (wgy  -siiqowwl 0¢ a4 081-091 €9 1FST OUAYuUAS oness pIo Y-+ > UBIODOPE]D
(prgnp 3o
(5000) (s uone 191BMYOS SalRUOSU  DIUYdDPOLI)))
TRy 06 /81 (osoa Tz (wgy  -smiqowrur 0¢ 24 081-091 &L I¥ST Ouoquds oners PO U-#T > UEIOOOPE]D
(prqnp 3o
(S007) (81-19) uone 10]BMJOS SIIBUOSU  DIUYADPOLID)))
e oukH 06 1/31 (oso) 2 (Wgy  -siiqowwl 0¢ v 081-091 $9 IFCT Oueyjuds oners PIO Y47 > UBIS00PE[D
(pignp 3o
(S007) (L1-vn uone 10]BMJOS SIIBUOSU  DIUYADPOLID)))
e oukH 06 1/31 (0soa) 91 (Wgy  -siiqowwl Tl v 081-091 ¥'8 IFST Oueyiuds oners PIO Y47 > UBIS00PE[D
(v1qnp 3o
(S007) (65-1°L) uonje 13]BMYOS SAJRUOAU  DIUYADPOLIZ)))
e oUKH 06 1/80 (0s0a) 5’9 (w)gy  -siiqouwnwl 09 44 081-091 '8 1FST Oudyuhs onels PIO Y-tC > UBI9O0PE]D
(v1gnp 3o
(S007) (1'¢-$'20) uonje 19]eM]OS SajeuoduU  pruYydpporia)))
‘210 ouAH 06 /81 (osoa) 8T (wgy  -siiqowwl 0¢ a4 081-091 §'L 1FST OUdYuUAS oness pIo Y-+ > UBIODOPE]D
(€81

(0508} 9'1 (v1qnp 30
(5002) 0509 1+ uone IS1BMYOS SOIBUOAU  DIUYydDpOLLa)))
e sukH 06 /81 (050 56 (Wgy  -siiqowun 0¢ 44 081-091 &9 [FST OUAYUAS onels pIo U-#T > UBIa20pe]d
(prgnp 3o
(5000) (ze-LD) uone Jarem SalRUOSU  DIUYdDPOLI)))

TRy 06 /81 (0soM 0 (Wgy  -siiqourur €1 vLE  081-09T L  I¥ST Yoom[emjeu  onels PIO UY-4T > UBIDO0PE[d EOORISNI)  1addop

(%) LU0 K1IX0) Jo (178w} (1£0DeD (/)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssou AJ1AL (D,)  wnipaw ainsodxa wnjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 1891, JO dPOIN Ade)s Iy SARAS JuoISIA]  [BRIA

79



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

MSN eI
sApped

Eo‘c Sajeuoau AEQFB

(5002) alie} (It-2€) uone Iajemysaly PIO U-4T>  Druydpporia))

e YPLHEN €8 W an (osoD6¢  (wsy  -syiqowun orl gL 1FT  [eamEU onels d[eway UBI200pE|
MSN IO
s&pped

woy s3JBUOdU (p1gnp

(5002) glie] (s¥-6¢) uone Ioremuysary pIo U-47>  vruydopolia))

TeR e gg w3 (osoD Ty (wsy  -sygownu 74 8L IFST e ones arewdy UBI200pY[d
MSN I
s&pped

wolj $91BUOIU (p1gnp

(5002) /D (te-Lo) uone Toremysay PIo Y-4T>  vruydopolia))

JLEERS 1 A ] w 3 (osonog  (wgy  -syiqowt SLE L 1FST  [eanjeu one)s a[ewy UEBId0PE[D
MSN PRI
sApped

woy S9)BUOSU (pignp

(5002) lie) (€-60) uone Iajemusaly PIO Y-4T>  praydoporia))

e yopey €8 w g (oson e (ugy  -siiqowun ovl L IFST  [einjeu ouels Slewsy ueI220pe[d
MSN 021D
sApped

woly $31BUOIU (p1gnp

(5002) glile} sz 10 uone Taremusayy PO Y-pT>  Drydoporsa))

‘30 PDPEN  €8 w 3 (0soD €2 (Wgy  -syiqoww ST L IFST  [eameu one)s 9Jewoy UeI300pe[o
MSN 021D
sApped

EO@ $ajeuodU AEQ\%

(5002) /0 F1-¥) uone Ioremysary plo y-pg>  vuydoporia))

JLEERIRIY 1 A w g (0soD 6 (Wsy  -siiqowt SLE 19 [¥F$T  [eameu one)s S[ewoy UBID0PE[D
MSN 21D
sdpped

woly (v1gnp

(S002) /md (€1-1n uone IoyRMISaIL) sajeuOdU  PrUYdDPOLID)))

Te 10 YOIyIBIN €8 w 3 (osoDzl  (Wey  -siiqouwrw or1 1’9 [FST  [eInjen oness pIo U-$7> UBIO00pE[d
MSN 1)
sApped

wouy $9)RUOdU (1gnp

(5002) /M0 (z1-on uone Iajemuysaly IO Y-bT>  priydDpoLID))

B0 YOMBRN €8 w an soD 11 (Wgy  -siiqowwl ST 1'9  1¥5T Jeanjeu suels dlewdy UBIDOOPE[O BIORISNIL)) 1addop
(%) QU0 AIxo) jo (1/3w)  (1/£0D%D (wo/g1)
21008 d&)  orxoy  dunsedw p uoqae)) Su) SSu ANAL (D,) wnipow dinsodxd wnAyd
AURIRJY %u__a-o U0)H joiyuun U0 JIX0 ], uoneanq a-:oﬂ:u:m— QENwhO b_ﬂ_—s:{ -pIeH -)pnpuo) —.—._— ._—Ew..ﬁ IS9 L, JOIPON owwum AT mo_oonm JUOISIAI(Q [ L2 & I

80



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

JoreMm (1o10m4359p
(L00D) Surew Iy X042y )
epogagnN (8s51-882) pasay (pg7) ysyAeid
pueqy L. AN 181 (0soT) sevl (Wpr  Aufemow I¥L6  [¥8 1FC¢  uoqled  opels-lwss  sajiueanf 10 £qqe
(1¢-€0) IN 1)
(0s01 9T Bladey (14vajoput
(2002) (re-Ln) orem viuydopoutopy)
Te1R PIEYRIO /8 w7/ (050 €7 (P)9-¢  oyex Surpaey [FLZ  PpeIol[y  onels-luds  plo skep 9> UEIOOOPE]D
IN 21D
B[oSeIN (1dvapovus
(2002) (09071 61 BRI pruydopoutopy)
‘Te e pleypIo 78 w 181 (ODAON) T6 (P)9-§  ver Buipedy [FLZ PRIy ouels-lwes  pjo skep 9> UBISIOPES
(oo 2T
AWMU]C 81 IN »MOOHO
(0s09) §1< eoSeN Tejsul (1dvajovwu
(2002 (020@) §1< Ioem aanonpoider  pruydopouropy)
618 preyoIo L8 wo /e (o el (Wor ore1Burpasy IFLT  PaIdNY  OnEIS-IWAs  pug ‘synpe UBIS00pE[D
(v1ouripo
(6002) ('L 1'62) L'SEF  €0F 1o1EMpIEY prydn)
‘[e1e 1odoo)y L8 w A (psoDeLe (Wey  Anjerowr 9F'Z8  TOSE  S'L IFST A[ereropow one)s dreuoou UBIOOOPE]D
(vrqnp
(6002) (0aoD 901 L'SEF  €O0F IojempIey pruydoporiay)
‘e 1edoony /8 w 181 (OaoNTs (P [eAIAINS 9Fp' 78 70S¢€ G, IFS7T A[1RIOpow  OIIelS-1OS 9)eUOcU UBIOS0PE[D
(Izon
(0s0a) 81 (v1gnp
(6002) (OaoM 97T uon L'SEF  €0F Jojemprey ordoporia))
e Iedoo) /8 w 181 (OFoNY €1 (P -onpoidal 9Fp'78 0S¢ G’/ [FST A[eleIopowl  OIIRIS-TUISS EMEL ORI UBIa30pEe[D
(prqnp
(6002) ®1zLv1) L'8EF €07 Joyempiey viuydvporia))
e1e redoo) /8 w /s (00D 81 (Wsy  Anjenow 9FPT8  TOSE  SL IFST A[ejerepowr onels JreuoU UBIa20pe]d
MSN BRI
sApped
woly SejeUOsU (v1gnp
($000) D Uy 1) uone 1etemysaly PO U-pT>  Druydopola))
B0 USRI €8 w 3 OsOD v (Wey  -siyiqowul GLE 8L 1¥ST  [eimeu onels Jlewdj UBJIOOOPR[D BIOBISILI) 12ddopy
(%) HUOd  K1orxo) Jo (13w (10J8D (/g
31008 adf) orxo)  danseowr uoqae)) Sur) ssau A)IAL (D,) wnipaw ansodxa wnjAyd
U AIen) duo) Jojm) duod dxo], uopein( juiodpuy omediQ Ay -pieH -1onpuo) Hd dwag, 1891, JO IpOIN EX- 14 TNE) g | $a10adg JuoISIAL]  [BIOIA

81



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

(0809) 8¢
(L€T-6'10)
(osom) 8°CT
(020 ¥'81 I31em JOATY
(01049) ueadoN
€¢I Buruado -AIng (vssaadap
(€002 Ogam 2ATBA ['0F  -someHq ww//-L7 jopLAL])
e 30 YODIBN 6L w /e 791 (ygy  uonemp 89 07  oudyuAs  yFnoryp-mop) yIBUS] [[ays aA[BAIq
(0804) 0g¢
(080d) S11
(0809 142
(101-¢6)
(0509) L6
(062-890)
(050 61T
8 oz-Tel)
(0509 0T
(0zoa) 9¢z
(020 6°51
(0zod) €28
(01049 20t
(o1089) €1 I51EM TOATY
(oroga) 2L ueadan
(Oaaw) 11z Furuado -Ang (vssaidap
(£002) (Oaanm) v1 QA[BA ['0F  -SedmeH wwy//-L7 DJjapIIAL)
e YOBIEN - 6L w et (OFaW) sL (Wey  uonemp $9 0T  OueyuAs  yInoly-moy yi3ud] [[oys 9ATeAlq eosmfjoly  Ieddoy
Jorem (1o10n4159p
(L00T) surews qajN Wiy ))
epogeBuN (FPr-SLD) paray (p8?) ysyhero
pueyy L. AN IBT (050D eLe (W96 Anjenow [FL6  I¥8 I¥¢¢  Uoqreo  opels-lwos  sofiueanf 10 £qqedk
RESIIN (4o10n.415p
(L007) sulew q[ojA X040Y)))
epoJasnN. paIay (PST) ysyAers
pueqy L. AN 181 (0sDD60s (WL Aufemow I¥L6  [¥8 1FC¢  uoqled  opels-lwss  sajiueanf 10 £qqe
Io18M (4010n.4359p
(L0020 surews qajN X042y}
epo3adnN palayy (PR7) ysyLero
pueqy  LL AN 181 {050 €66 (W  Anenows IFL6  [¥8 [F¢C  UOqIEd  OnEls-Tuds sorueAn( 1o Aqqe£ eooeisni)y  reddony
(%) AU0Y  Aprxo) jo (13w)  (1£0DeD (wma/gri)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxa winjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 189], JO IPOIN ade1§ Iy SARAS JuoISIA]  [BRIA

82



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

(080 1°¢1
Amm‘mum?mV J91BM DALY
(0503 9¢ ueadon
(0z0®) 9°62 Suiuado -Aing (pssa.dap
(£002) (010899 92 aATeA 1oF  -sodmeq ww/-/7 jopLAL])
230 PODIEN 6L wo 7At (Odan) Lz (Ygy  uonemp €L 0T dueyuks  ySnoiyr-moy WBu [[2ys QAJBAIq
(0804 965
(0803) 9°z€
(0804) 0£T
($¥5-905)
(0s08) sT58
(90z-¥61)
(0509 00T I31eMm JOATY
(82-90) ueadaN
(0s09) LT Sutuedo -King (vssadop
(£002) (020 797 oATeA 0¥ -samel wui /-4 7 jopLAL])
e 30 YODIBN 6L w A (ezodd el (W)gy  uonenp L 0T dueyuds  yInoIy-mop Sud [[oys SA[BAIq
(0zoa) 8'12
(01039 61
(01089 €1t I01EM IOATY
(01089 051 ueadon
Oaamw Ls1 Suiuado -Anq (pssaudaop
(£002) (Oaam) 9zv SAJRA I'0F  -SemeH ww/ /L7 DoprAE)
el PDIEN 6L w At (OFaW) oz (Wey  uonemp L 0T ousyuAs  y3nory-moly Sud] [[oys 9ATeAlq eosmfjoly  Ieddoy
(%) LU0 K1IX0) Jo (13w)  (1£0DeD (wma/gri)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxa winjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 189], JO IPOIN ade1§ Iy SARAS JuoISIA]  [BRIA

83



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

JoreMm (1o10m4359p
(L007) SuIRW g x42y"))
epogeSnN (85-¢1) $0F pasay (pg2) ysyAerd
pueqy L. YN 18w (0sOD 1S (W96 Anenow 7F66 L TFCT uoqied  opels-lwes  sajiueanf 10 £qqe
Iorem (1o10n1359p
(L00D) surews qojN 2 0))
epogagnyN ¥8-19) SOF pasaiy (ps7) ysiyAers
pueyy L, UN 1Bw (osoD 1L (WzL  Anjenow TF66 L TFCT uoqmed  opeis-lwes  sefiudanf 10 Kqqek
JoreMm (1o10m4359p
(L007) SuIRW g x42y"))
epogagnN (ss1-L6) $oF pasay (pg2) ysyAeid
pueqy L. AN 1Bw (SO LIT {(Wgy  Aufemow T¥66 L TFCT uoqled  opels-lwes  sajiueanf 10 £gqek
RESIIN (4o10n.415p
(L007) sulew q[ojA X040Y)))
epogeBnN (L8T-1¥1) parely (P8T) ysyAerd
pueqy L. AN 1Bw (psODLLl (Wb Anpenow TF66 SOFL TFCC  uoqied  dpeis-lwds  sofiuean( 10 Aqqed eooEISNID uoi|
(0809) L8
(080 9s¢
(0803 6'%S
(L18-L9L)
(050d) T6L
(9ze-T1¢€)
(0508 61¢
sty
(0509) ¥t
(0z0a) 81L
(0z0d) 8°s¢
(0zod) 98T
(01049 929
(01089 $5¢T 157EM 10ATY
(01089 0¢ ueadaN
(Oaam s9z Sutuado -KIng (pssadap
(£002) (OFam) e oATRA 10T -Somel| wwy//-/(7 DIaPLALT)
210 PR 6L w80 (DdAW) 899 (W uoneinp 'L 0T OdudyuAs  ySnoayp-mopy y3ud] [[oys oAfealq eosnjjoly  Jaddo)
(%) DU AYIorxo) Jo (1/8m) (102D (wa/gi)
31008 adf) orxo)  danseowr uoqae)) Sur) ssau A)IAL (D,)  wnipaw ansodxa wnjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 189], JO IPOIN ade1§ Iy SARAS JuoISIA]  [BRIA

84



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

Jayem 31D

(95002 (€01-8+) 99 HREEIA (ds pjjaiopyD)
‘Jeje ueSoq gL w /e (0soD vL (WL  uOISIAIP [[20 “v'9  IF6T  OURYUAS oness IN sed[e usaId
19)BM N1
(a5002) (bgoDoL 99 eaSe (ds pjasopyy)y  wkyd
Teteuedoq gL w A1 (DFON) 8¢ (W)7L  UOISIAID [[99 -#'9 IF6C OUOIUAS oners IN seS[euseld  -oro[y)  wnIuEIn
Jo1Bm (1o10n4159p
(L00T) surews qajN Wiy ))
epogeBnN (88€-067) $0F  pamly (pg2) ysyLeso
pueqy L. AN 1AW (050D Lze (W96 Aienow SOF0l 1L T uoqled  ones-lwes  sofiueAn( 10 Aqqek
RESIIN (4o10n.415p
(L00T) surew qojN X042y}
epogagnyN (e¥5-€6€) S0F  pamNy (ps7) ysiyAers
pueyy L. AN 1Bw (0sOD 89y (WL  Anpeuow SOFT0l 1FL TT uogled  ompes-lwes - sefueAn( 10 Kqqek
Io1eM (4010n.4359p
(L00T) surews qajN Wiy ))
epogagnN (L61+-88L) S0F  pary (r82) ysyAerd
pueyy L. AN 1AW (0sODOIIT (Wgy  Anjenow SOF0l 1FL T uoqied  ones-lwes  sofiueAn( 10 Aqqek
RESIIN (4o10n.415p
(L00T) (F1501 surew qojN X042y}
epogagnyN -7801) S0F  pamNy (ps7) ysiyAers
pueyy L. AN 1Bw (0sOD 08T (W Anpeuow SOFC0I  1FL  TT uoqres  onels-Iuss saftuaAnf 1o Aqqed eaoeisnisy [339IN
(1°L6S (poutivo
(6002) -Z0g¢€) LSEF €O0F JorempIey vuydo(q)
e1e redoo) /8 w At (OD P (Wey  Anjenows 9F7'78 T0SE SL IFST A[ererspow onels JreuoU UBIa20pe]d
(TzLe (p1gnp
(6000) -1°091) L'SEF €0F lorempiey pruydoporia)y)
‘[eje edoo) /8 w B0 (05D 880z (Wey  Anperow 9FH'C8 T0SE §L 1FST Arespow  oners ajEU0dU UBIDI0PE]D
(s'L-5¢)
(0s0a) 1's (m1gnp
(6007) (a0 s7 uon L'SEF €0F RIEMpPIRY vruydoporiasy)
e Iedooy /8 w 181 (OaoN) 1z (P -onpoudar 9FH'78 Z0SE S'L 1FST A[eelopowl  OnRIS-TWDS JjeUOU UBIIOOPE[D
(vrgnp
(6002) QIO 6°L1 L'SEF €0F JoeMpIRyY piuydoporia))
e Iedooy /8 w 1/81 OaoN) 6  (P)L [BAIAINS 9FH'78 Z0SE S'L 1FST A[eelopowl  OnRIS-TWDS JjeUOU UBIDOOPE[D BOJBISNID) peaT
(%) LU0 K1IX0) Jo (178w} (1£0DeD (/)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxa winjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 1891, JO dPOIN Ade)s Iy SARAS JuoISIA]  [BRIA

85



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

(9rz-T61) IoYem 0210 (owarssipraia
(10027) 1830 (0s0d) 617 ymoId COF ejeSey DapAEp)
To[nuyery 96 w At QAaAN 9 (Wge  uonemdod 70> 14 0g€ €7 09 IFLT oueyiuks  oneIs-1wes s)npe eIpAy
(Z61-0$1) I91BM 931D (pwrssipraa
(1000) T8 12 (0509 1L1 Y1013 £0F 2jadeN papdry)
Jo[nuyery - 96 w o 1Ad (Qaan)ty (W96 uonendod 70> 701 91 %4 09 IFLT OUdYUAS  OUEIS-TWSS synpe eIpAy
(881-991) IoYeM Joa1D) (puarssipraa
(1007) e 30 (0509 LL1 14013 0T e[adey DapAFT)
DMWYy 96 w AT (QHam) 06 (W96 uonemdod 7> 14 91 ¥4 09 IFLT oueymuks  onejs-lwos sinpe BIpAy
(Lo1-121) I91BM 3931 (purssipraia
(10027) 1830 (0508 ¥11 ymoId COF ejoSey DapAEp)
To[nuyery 96 w At Qaani e (Wge  uonemdod 70> 14 99 €7 09 IFLT oueyiuks  oneIs-1wes s)npe BIpAY  BLEpIU)  wnueI()
(¢6L-€TL) (sypyooumbap
(9002) (0503 851 TOF Io1emysol puuaT)  eykyd-
Te 10 seley) 68 w At (Qaand il (W ymoIs §'9 IFLT OURYUAS  OnEIS-[WRS  Spuol 7] pasmdonp olouSeN  wniuei()
(as002) (012-8%1) 89 Io1BM 021 (ds vjjai01yD)
e uefoy g/ w18 (0SOD LT (WL UOISIAIP |22 9 1¥67  ePSeN oness AN segJe uodIs
(95000 (030D 6L1 89 1978 031D (ds pyasopyn)
Teteuedoq gL w A1 (DION) 0ST  (W)gL  UOISIAIP [[29 -+'9 1F6C  EIPSEN oners IN 2e3[e usaId
(95002) (os1-z2D) 99 1o1eMm 3001 (ds vyaa07y )
‘ejo ueSoq gL w /e (00D L€1  (WTL  UOISIAIP [[99 -€9 IF6T  EPSEN onels IN oed[e U013
(a5000) (030D 071 99 018 031D (-ds pyato1yn)
Jeje uBSoH ¢/ w AT (OFONITL  (WTL  UOISIAID []°0 “€9 IF6T  EBPSEN onels N sed[e usaId
(as000) (1¥z-£€0) 99 1o1eM 91 (ds vya407y )
Jejo ueSoq gL w8 (0soD 86z (WgL  uoisIAIp [0 -T9 1F6T  EIPSEN oness AN oe3[e udaI3
(a5002) (020D L81 99 107BA 0210 (ds pyaso1y>)
JeeueSoq ¢/ w A (DION) LST (W)TL  UOISIAIP [[20 -T9 IF6T  ePSEN oness IN sed[e usaId
(950027) (€L1-LST) 79 Toyem }o910) (ds vjjasopyD)
‘[ejo ueSOoH gL w /e (050D 991 (T,  UOISIAIP ][22 -9 1F6T  EPSEN one)s IN oed[e usaI3
(as002) (D307 9¢1 9 IjEM YARID) (ds pjjasopyn)  eAyd
e uedoy ¢/ w A1 (DHON) 601 (7L UOISIAID [[90 -T9 1F6T PSRN oners AN oE3[e UQRIT  -0I0[Y)  wmiuRIf
(%) LU0 K1IX0) Jo (13w)  (1£0DeD (wma/gri)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssou AJ1AL (D,)  wnipaw ainsodxa wnjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 1891, JO dPOIN Ade)s Iy SARAS JuoISIA]  [BRIA

86



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

(1€9-LLS)

(050) +09 Suruado I37eM 931 (1sv3up

(£002) (01039 66€ oAfeA 1'0F 1'0F  ®Sen W /-9¢ onsapa )

PBUEN 6L w1/ (OAaW) €y (Wgy  uonemnp 09 8 onPYUAS  ySnosp-mopy YISud] [[oys [ossnw
(€Tr-19¢)

(050) z6€ I91BM }ID) (1s08up

(€007) (01099 1¥T suononppe I'0F 107 epSen wwgg-g o1nsa1a)

PDIEN 6L w AT (Qdaw) 9sT  (Wsy dA[A 09 8z ondyuks  yBnoup-moy Budj [joys [ossnw
(18¢-67¢9)

(0s0) ss¢ Suruado I01eM }A9ID (1sv3up

(€000) (01038) $9¢ oA[eA I0F 107 ®PSEN wwog-gy O1nsa1a4 )

yorpe 6 w81 (QEaw) L8 (Wsy  uouwnp 09 8z  oneyuks  ySnoay-moyy qSuoy [19Ys jossnw

(0509 s¢€ IOTBM 31D (1s03up

(€000) (o1oaa zic suoyonppe I'0F 1'0F  eoSeN wwgp-¢ | o1unsaja )

UoIIEN 6L w pE1 (Qaaw) 9tz (Wt QATeA 09 87 oneypuiks yBnoxp-moy ySua] [[oys [ossnur

(050®) 60 Butuado 191EM 32310 (zs8up

(€002) (01094 92¢ oATRA 1'0F 1'0F  eeSeN wwgy-¢ | o1unsajaL)

PIIEN - 6L w o 7En (QdaW) ose  (W)gy  uonenp 09 87  onoyuks  ysnorg-moy YIZus [[oys [ossnu
(92p-+9€)
(0508 s6¢

(085-825) I91BM }ID) (1sp8up

(£002) (01039 £¥T suononppe I'0F 1'0F  eeSen orunsaja )

YD 6L w AT (QFQ) 95T (WY AALBA 09 87  oueyuks  ySnouy-moy safew [assnu
(685-€£9)

{0s0m) 655 Suruado 1B7EM 0310 (1s08up

(€002 (o10dd) L9€ SATRA I'0F 10F ee3el o1unsajaf)

PIIEN - 6L w o 7En (OdaW) 88 (W)gy  uonemnp 09 87  oueyuAs  ySnoxp-moyy safew [ossau
(81%-95¢)

(0s09) 8¢ IOTBM 31D (1s03up

(£002) (o10a9) s¢€z suononppe 10F 107  eaSe A[uo o1unsapa )

PBPEN 6/ w AT (Qdaw) gst (WY QA[A 09 87  oueyuks  yBnoig)-moyy so[ewa) [ossnuw
(085-82¢5)

(050 ¥5S Suuado I31BM 391D (1sv3up

(£002) (01049 79¢ JATRA I'0F 10T  ePeSe Auo o1unsaja )

USIIRIN 6L w 18 (OFan) 88 (W8t uoljeinp 09 82 JIOYIUAS  YBnodyl-molj SO[RW) [ossnw BOSN[[O]A  WNIUBIM)
(%) QU0d  Aydrxop jo (1/3u)  (10DeD (/g
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxa winjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 189], JO IPOIN ade1§ Iy SARAS JuoISIA]  [BRIA

87



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

(a0 781
(Oa0D 951
(020D +91
(030D 66
(0207 68
(0F0TD §92
(030N 071
(DION) 68>
(0F0N) 99
(DdON) LL aseyd
(£007) (OFON) 66> wnTpau ymos8  (ds pyjadopy))
[ejo UOSUYOL /9 181 (QdON) L6 (WL ymoIs IFLT  S/AT oners [enuouodxs oud[e udId
aseyd
(z007) (¢'1-TD 10)EMYOS ymois  (ds pypasopyd)
Bl uUIpuUBL] G/ Towrd  (osDA) P11 (WL ores ymoid ST 4 RIAEL N oness renuauodxd se3e usail
oseyd
(2000 (a0 LSO 10)RMYOS qmois  (-ds vyaiopy )
B UIURL] (L Towrd (DAON) 1€°0 (WL  ores ymmois SL LT O1JOYIUAS oness [enuauodxa se3e usaId
aseyd
(z007) &1z ToyeMYOs ymois  (rds vjjaopy))
Bl UIUEL] G/ Towrd  (0sDA) €1 (YWY  9res ymmois G’ LT  OUdYIUAS oness [enuauodxa se3e usaId
oseyd
(2002) (OFOD LSO I2JEMYOS ymo1d (s pyasopyn)  wikyd
(e UIPUel] QL Towrd (DFON) 1€0  (Y)gy 918l ymoid S'L LT O1JOYIUAS one;s [enusuodxa oede usaid  -0JO[YD ourz
(09t-96€)
(0509) 9Tv 1018M Y9210 (1sv8up
(€002) (010a8) 997 suononppe I'0F 10T ERSEN wwy/-9¢ 01Unsa1aA )
PR 6L 18 (Qdam) 18T (Wsy oA[eA 09 8z oueywuks ySnorp-mopy YIuo [joys [oSSnW  BOSN[[O]N  WNIURI(
(%) AU A131x0) Jo (1/8w)  (1/0D%D (wo/g)
31008 adf) orxo)  danseowr uoqae)) Sur) ssau A)IAL (D,)  wnipaw ansodxa wnjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 189], JO IPOIN ade1§ Iy SARAS JuoISIA]  [BRIA

88



Vol. 15, pp. 51-184, 2009
Langdon et al

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Australasian metal toxicity data — IV

vz
(570D 91
(€z1-9¢)
(sz0o1m o1
(szoD Th1
(90¢-81)
(570D €6
(L1z-zen)
(570D 161
(611-80)
010D L8
010D ¥8
(010D T8
(zv1-0)
10D L9
Ly10)
(010D 1€
(zo1-s1)
010D %
F11-+1)
010D 8t
(ssz-61)
(010D LE aseyd
(L00T) (19-5¢) Wnipsw pmosd  (ds ppjasopyn)  wkyd
JERERCN /) w7/ (oron ot (wee 1013 IFLC SN oners [enusuodxa seS[e useId  -oI0[yD ourz

(%) AU A131x0) Jo (1/8w)  (1£0D%D (wo/g)
3100s adf) JIxo)  dinseowr uoq.e)) Sur) ssau AJ1AL (D,)  wnipaw ainsodxa winjAyd
RNUAIJNT Anpen) duo) joyu  duod dxo], uopeinq jutodpuy omwedi Auieyy -pieg -jonpuo) Hd dwajg, 189], JO IPOIN ade1§ Iy SARAS JuoISIA]  [BRIA

89



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data - IV

(9002)
Te 12 3p[Im

(9002)
e 32 3pIIM

(9002)
T8 30 9p[IM

(9002)
JEREE I

(£00T)
‘Te 19 uosuyo[

98 w

98 w

98 w

98 w

CL w

T/

1/81

/81

/81

1/9M

(099-009)
(0$DD 0€9
(OIam) <6

(0701-076)
(050D 0L6
(OIam) so1

(0LLT-06ST)
(0501) 0891
Qdam) 0s¢

(0082-0092)
(0521 00LT
OIam oL

(050D 927

(66$-$87)
(0S0D +9¢

(zez-9zD)
(0$DD 981

(zig-zin
(050D v61

(1e€-€51)
(0$0D 697

(FTE-+0T)
(0soD sLT

(6£€-¢91)
(050D €07

(LD
(050D ¥$T

(0soD €LT
(s70D 1
(F1T-LED)
(sToD 9L1
(661-0)
($TOD 911
(091-L8)
(szoD 121

(WY

(wsy

(wsy

(wsy

wzL

qmoId

ymoid

ymoisd

ymoi3

ymois

8Y-0v

8¥-0v

8¥-0F

8V-0v

091

091

091

091

9

S's

LT

LT

LT

LT

IFLT

I31emysaly
JTYIUAS

Iatemysaly
OTIOYIUAS

131BMUSIL)
O1JOYIUAS

I21eMUySaI)
O1JOYIUAS

UINIpaw
S/NT

onels

oness

onels

oners

onels

aseyd
yImosd
[enusuodxo

aseyd
qmoId
[enusuodxa

aseyd
ymoi1s
[enuauodxa

aseyd
ymoid
[enusuodxa

aseyd
ymo13
[enuauodxa

(ds pyaaoyD)
oeSe usaI3d

(ds pja.to1yn)
2eg[e usoId

(ds ppjai0py )
se3e usaId

(ds pyja.0p4D)
oede usoi3d

(ds ppjouopyn)  ekyd
sedle usaid  -olo[yD

ourz

22U Aypend duoe)  Jo jup

%)
100§ %nb

LU0
31X0)

£1o1x0) JO
dInsgaul

Ju0d J1xo ], uonetn( jurodpuy

(1/3w)  (1£0DeD
uoqae)) Sur)
swedi Apuieqy

ssou
-pIeH

(/S
Kuar
-1onpuo) HA dwsj,

(Do)

umipa
199,

dainsodxd
JO 9POIN

a3eg Yry

wnjAyd
sardadg juorsiaiq

[BI9IA

20



Vol. 15, pp. 51-184, 2009

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Langdon et al

Australasian metal toxicity data — IV

($000)
‘Ie 10 ouky

(s000)
‘T8 39 QUAYH

(L002)

‘[e 19 urpyuel]

(9002)
e 32 3pIIM

(9000)
e 12 9PIIM

06

06

99

98

98

w

wr

/3

/3

/31

1/81

71/3v

(LEP-88€)

(0s09) €1t
(0s0d)508
(050a) 0Fs
(0s0) 08§
(0s0d) 089

(€ch-1€9)
(0504) T8¢

(59-19)
(0sDD 6t
(29-99)
(0sDD vv
(5L-29)
(050D 89
(9L-19)
(0501 89
#8-9¢)
(050D €9
(99-+7)
(0s0D 9%
(58-19)
(052D 69
(18-29)
(0501 89
(L-8¢)
0s2D 19
(69-+)
(052D 09

09-+1)
[(1190) 1143
OIanm) 6's

(zL1-8¥1)
(0501 091
(Oaam) 91

W8y

(wsy

(WzL

(wsy

(wsy

uoije
-sijiqowwu}

uone
-sifIqowu

ymoid

ymoid

ymois

0¢

0¢

144

144

8¥-0v

8¥-0F

081-091

081-091

091

091

9

1Y

S'L

1FST

1+6T

14

LT

LT

19]EMYOS
RIAEL N

121BMJOS
OTIOYIUAS

v1dd
noyIm
wnipaw
plepuels
vdd sn

Iatemysaly
OTIOYIUAS

Io1RMUSAI)
J1IOYIUAS

onels

oness

anels

oness

onels

S3JBUOdU
PIO YT >

SITBUOSU
PIOU-+C >

oseyd
ymoI3
[enusuodxo

aseyd
qmoId
[enusuodxa

aseyd
ymo13
[enuauodxa

(v1gnp 3o
pruydoporia))
UBIDOOPE]O
(o1gnp 3o
DIUYdppolia)))
UBIS00PR[O

(vindpogns
pjja1iU
YAPYOPNIS ] )
203D 12243

(ds pja.topyn)
oeg[e usaId

(ds wyjai0pyD)
segd[e usaid

BIOBISNI))

B1AYd
-0I0[Y))

outy

ourz

(%)

31008 nuab
U AIpen) duo) Jo jiu)

3

QU0

J1X0)

Aparxop jo
JJnsesul 3

3U02 X0, uoneIn(

yurodpuy

uoqIB)
swesiQ Ay

(1/8w)  (1£0D%D
Sur)

ssau

-pIeH

(wo/gn)
Ayar

(Do)
spnpuo) HA dwag,

wmnipsu
1997,

ainsodxa
JO 9POIN

a3e1s Iy

FEIRET N

wnjAyd
JuoIsIAIQ

183N

21



Vol. 15, pp. 51-184, 2009
Langdon et al

"PAPI0IAT JOU = YN ‘UOTIENUIOUOD (PAINSLIW JOU) [EUIWOU = U
‘UOTBIIUOUOD PAINSLIW = W "[[99 Jod swreiSojue) = [[99/3) ‘oniy 1od sojoworonu = 7/jowr ‘sjrun 91x0} = )], “PoreIs ISIMIYIO SSI[UN dWN[oA Jrun Jod [ejour 9y Jo sseul € se passardxo sKem[e ST uonenuaduod ) ,

98¢y (peoutans
(6002 -#'€90) L'SEF  €0F Io1emprey puydo(g)
eyesodoony /8 w81 (eedDgeLe WSy  Anjenowr 9FFT8  TOSE S IFST APrempow  ones ajeUOSU UBI300PE[)
rzee (v1gnp
(6002) -9°0€1) L8EF  €0F 1ojempiey Pl dppoLia))
Tepaedooy  £g w o 1AM (oSO SELl (WY Awmiow 9’78 TOSE  SL I¥ST Ajeropow  opes ajeuo3u UBIA00PE[D
(O3a0m
¥91¢ (v1gnp
(6002) (OaoN) LSEF  €O0F 1ojempiey vruydoporia))
‘e pmeOU L8 w d\wi 1'101 Aﬁvh |eAlAInS 9FP' T8 705¢ <L 1FSC %_vuwpovoE J1)EIS-TWas Jjeuoau Ueiadoped
(€051
(0509 81T (vignp
(6002) (Oaom sz uoy L8EF €07 IerempIey D1uydnpora))
e Iedoo)y /8 w /81 OAo0N) €1 (P -onpoidal 9FH'Z8 0S¢ S, 1FST AlSIeIepoul  O1ES-1WAS aJRUOSU UBI300pPE[D
(v1971p 3o
(5002 uone 197BM1JOS sajeuodu  pIUYdDPOLIB)))
e 0udH 06 w81 (esoa) 091 (W8y  -siqowwt STl PLE 0817091 ¥'8 [FST oueyjuhs one)s PIO Y-+ > UBISOOPB]D
(v1gnp 3o
(5002 (08-09) uone 191BM1JOS sajeuodu  pIUYdDPOLIB)))
‘812 0UuAH 06 wo /e (osom) oL (Wey  -siiqowwut STl 44 081-091 '8 [FST Ouoyuks one)s PIO Y-+ > UBISOOPB]D
(vrqnp 3o
(S002) (015-S67) uone 19]BM1JOS sojeuodu  piuydpporia)))
B SUAH 06 w81 (0s0d) 06t WSy -siiqowut 0¢€ vLE 0817091 $L IFST OuUdYuAS oness pIo Y-$T > URIO0PEd
(F12-981)
(0509) 00T (Drgnp 3o
(5002 (s81-0€1) uone 191BM1JOS sajeuodu  pIUYdDPOLIB)))
e 0udH 06 w81 (psoa)ssT (Wgy  -siqowwt o€ 44 081-091 §'L IFST Oudyiuks one)s PIO Y-+ > UBIOOOPB[D BIORISNID ourz
(%) PU0d  A1o1x0) 30 (1/3m)  (1/£00eD (/g
ar0ds  ad4y  omxey  sunseow 2 uoqie)) Sur) $$OU AJAL {D,) wnipaw dansodxd wnjAyd
ANUIBJIY %ﬁ—w:@ uo) joiwn U0 JIX0 ], uonpevang uzmcn—ﬂzﬁ owzﬁwho bm=m~wv——< -pleH -)dupuo) :Q QE@H. 1891, Jo3poIN vwﬁuw 1T wvmovn—w JUoISIAI(Q T8I0 A

AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY

Australasian metal toxicity data - IV

92



AUSTRALASIAN JOURNAL OF ECOTOXICOLOGY Vol. 15, pp. 51-184, 2009

Australasian metal toxicity data — IV Langdon et al

APPENDIX B

SUMMARY OF THE METAL TOXICITY DATA FOR AUSTRALASIAN MARINE/ESTUARINE BIOTA.
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SUMMARY OF THE METAL TOXICITY DATA FOR AUSTRALASIAN SEDIMENT BIOTA.
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