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Abstract

Ecologicarisk assessmeiisincreasingy being used to make decisiors on the acceptabiliy of industrid processes,
aswell as on the appropria¢ approab to take with remediatim of contaminatd sites In this approachthe risks
and coss mug first be determiné before decisiors can be made.

In principle the procedue for undertakiig an ecologicdrisk assessmetior a site with existing contamination
isfairly straigt forward Probabiliy distributions are obtainel for the concentratia of the contaminahof concern
ard for the biologicd and/a structurdimpacslikely to occu in the affected habitat The degree of overlgy between
thes distributions determins the risk from the contaminanto the habitat With watea-borre contaminationthe
level of assessmeitan vary from a simple compariso with wate quality criteria, throuch site specift literature
suwveys, to laboratoy ard field studies dependig on the importane of the environment the concentratia and
perceéved natue of thecontaminantthe resourceavailable ardthelikely beneft fromthe procesto be developed.

However, a numbe of uncertaintis make this proces more difficult. The include the lack of a standard
methodolog, availability of appropria¢ data and agree definitiors of acceptal# risk. Thus severd arbitrary or
considerd decisiors neal to be macde before and during suc an assessment.

This pape discussethe applicatian of an ecologicrisk assessmémf coppe pollution in Macquare Harbour,
Tasmaniausing data from long-tem monitoring of wateisand literature searchson lethd and sub-lethaeffects of
coppe in marire ard estuarir environments This study is pait of amud larger progran establishd to determine
bes method for the remediatio of the Mt. Lyell coppe mine site as well as the freshwate and marire habitats
downstream The resuls of the assessmérindicatal that there was at presem a probability greate than 0.9 of
the occurrene of anodt stripping voltametry-labié coppe wate concentratios harmfu to 5% of all species.
For totd dissolval coppe the probability was highe than 0.98 The uppe value of totd dissolvel coppe in
Macquare Harbou that encompassE90% of the probabé concentratioawould need to be reducel by afacta of
approximatef 30, without the inclusion of any additiond application factors to achieve (sub-letha) protection for
95% of species.

Int roduction

Ecologica risk assessmeris increasingy being used
to make decisiors on the acceptabiliy of industrial
acivities, aswell asontheappropriatapproabtotake
with remediatiom of contaminatd sites It provides a

framework for comparirg the ecologicé effects with

theacceptabiliy criteriawhileincluding theuncertain-
ty indeterminatio of therisk patametersRemediation
stratgies can then be assessin terms of their poten-

tial for reducirg risks as a function of cost The use of

ecologica risk in this conext is still developing but

theincreasimg useof risk base decision-makiginoth-
er area would imply that it will becone increasingly
important.

In principle the assessmerproces is straightfa-
ward A probability distribution for the concentration
of thecontaminanof concenisfirst defived by on-site
monitoring or by some assessmeiof the soure@terms
ard dispersion A distribution is also determine for
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the biological and/or structural impacts likely to occur degree of overlap between the distribution of measured
in the affected habitat. The degree of overlap between concentrations of copper in water samples from Mac-
these distributions determines the risk from the con- quarie Harbour and the distribution of concentrations
taminant to the habitat. With water-borne contamina- of copper reported in the literature to have significant
tion, the level of assessment will increase as we move effects on biota in similar environments. By compar-
from simple comparisons with water quality criteria, ing these distributions, the probabilities of exceeding
through site specific literature surveys, to laboratory critical values of copper in the environment relevant
and field studies. The choice of which comparison to to selected end-points, such as proportional lethality
use depends on the importance of the environment, theto a prescribed range of species across trophic levels,
concentration and perceived nature of the contaminant, can be determined within set confidence limits. We can
the resources available, and the likely benefit from the then assess the generic risk that copper, in waters of
process to be developed. specific Harbour habitats, presents to biota likely to
However, the process is made more difficult by the inhabit those regions.

lack of key data and the need to incorporate the uncer-  The water quality distributions can also be used to
tainties which exist in data, in modelling and in repre- compare with site specific ecotoxicological data yet
sentation of the actual environmental conditions. Some to be determined for algae, crustaceans and fish. As
appreciation of the underpinning ecological structure these values will be based on actual Macquarie Har-
and function of the environment in question must also bour waters, they will give a better indication of any
be available in order to set minimal requirements for synergistic or antagonistic influences on copper toxic-
remediation. The degree of recovery to and beyond ity when compared with the predicted effects from the
that level will depend on: the extent and severity of literature.
pollution; available resources in relation to treatments
required and, from that, tha priori decisions as to
what is adequate or acceptable; the natural resilienceData and assessment methods
of the various systems; and time.

Macquarie harbour water monitoring data
The Case study

Monitoring data for various stations within Macquarie
Due to the mining of copper for a period in excess Harbour were provided by Dr Lois Koehnken of Tas-
of 100 years, heavy pollution has occurred around manian Department of Environment and Land Man-
the mine sites at Queenstown, Tasmania, as well asagement in Hobart. The data comprised a comprehen-
within the affected habitats downstream in the Queen sive but incomplete (for a variety of reasons) set over
and King Rivers and Macquarie Harbour (Figure 1). the period from May 1993—August 1995 at approx-
In addition to the problems that have arisen from the imately 3 month intervals. The incompleteness was
extraction and smelting processes of the past, acid rockmainly due to poor weather or low water levels at the
drainage and consequent leaching of residual coppertime of sampling. Quality assurance checks on the
and other metals from the large waste rock heaps atelectronic transfer of the information indicated that the
the site continue to contribute to the presently poor data arrived safely. Missing data were ignored. Stations

condition of the affected area. sampled on only one or a few occasions were excluded
The area has a naturally high rainfall (2500 mm for general consistency between dates.
a1). Dissolved organics, particularly humic sub- The data were arranged by analysis type, i.e. anod-

stances, persist in the fresh water of the system andic stripping voltametry-labile copper (ASV), total dis-
give rise to values of 2—7 mg DOC? in mid-salinity solved copper (hereafter referred to as dissolvad) (
Harbour waters. I~ or ppb) and particulate copper (mg'lor ppm).
Currently, the Mt Lyell Remediation Research and The ASV and dissolved copper values were determined
Demonstration Program is determining the extent of after filtration (0.45:m), whilst the particulate copper
the pollution off site and its severity in terms of eco- was determined from that retained on the filter. For
logical impact. As part of the larger program, the aim each station, samples were taken at the surface, at
of this risk assessment is to evaluate the probability of mid-water and immediately above the sediment. The
harm to aquatic populations in the marine environment mid-water samples were taken at the point at which
downstream. This will be done by determining the 20 ppt salinity was measured in the profile. This repre-
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Figure 1 Map of Macquarie Harbour on the west coast of Tasmania, showing regularly monitored water sampling sites.

sented the middle of the salt wedge boundary betweencopper toxicity in the Harbour. Within this category,
the deeper, more dense, sea water and the shallowerASV and dissolved copper were selected for distribu-
less dense, river water. tion analyses. Dissolved copper represents the upper
Mid-water data were selected for modelling. This extreme of measurable copper likely to be toxic. On
selection coincided with the choice of this salinity the other hand, ASV would more closely represent the
for the ecotoxicological studies carried out within the bioavailable fraction, but by its nature this measure
project. The assumption was that the marine species towill still tend to overestimate toxicity (see following
be tested could tolerate these salinity conditions and discussion) and as such is still an ecologically conser-
also that copper input from the fresh waters would be vative estimate. Total copper, the sum of dissolved and
both more concentrated and more soluble, and henceparticulate copper, was also derived to compare with
bioavailable, under these conditions than in the deeper,the ANZECC (1992) guideline values.
saltier waters. It was thus inferred that these condi-
tions would give the most conservative assessment of
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Biotic data

Literature values were taken from the recent marine-
specific review by Ahsanullah et al. (1995) and the
more comprehensive pre-1980 review by Hodson et al.
(1979). Only criteria specific data were selected, that
is, marine or estuarine, LC or LD values for lethal

end-points and Lowest or No Observable Effect Con-
centrations or EC values for sub-lethal effects. Algal
toxicity data from experimental studies carried out in

full nutrient media, containing compounds that absorb
or complex copper, reduce copper toxicity and thus

not, however, able to account for interactions between
species and is based on an assumption that differences
in toxicity only arise because of differences in sensitiv-
ities between species. In general, the models have been
developed to arrive at a concentration which protects
95% of the aquatic genera.

In deriving these models, the major issues are the
choice of the distribution, the choice of the protection
level and the statistical evaluation of the uncertainties
due to the limited number of toxicity data. The former
issue relates to the error in fitting the actual data by
distributions and the latter to using samples to estimate

underestimate it's effect (Stauber, pers comm). These population parameters.

data were therefore excluded. Given the resource con-

straints on the study, no other quality criteria, such as
listed in Emans et al. (1993), were applied to reject
literature data. Identical data from both review sources
were included once only.

The data were arranged by broad taxonomic group,

In deriving values for protection of the ecosys-
tem, there are various approaches in current use. The
method of Stephan et al., (1985) estimates a Final
Chronic Value (FCV) to protect 95% of the species,
based on the geometric means of the species chronic
values. A triangular distribution is used to estimate the

ie. Algae, Crustaceans, Fish, and combinations of FCV from the 4 lowest genus means. In the method
all Marine Invertebrates and All Marine taxa. Signifi- of Aldenberg and Slob (Aldenberg & Slob, 1993), an
cant variability was encountered within each criterion. extrapolation factor, T, is estimated and used to derive
For example: exposure periods for experimental tests a concentration expected to be harmful to no more than
ranged between 2—720 hours; salinity varied between 5% of the community. This method takes into account
5-36 ppt; temperature ranged from 535 and the the uncertainty caused by using estimated parameters
end-points ranged across all life-stages encompass-o represent a population and is based on the use of

ing metabolic activity, physiological and behavioural
responses, growth rates and mortality. The data with-
in each category were separated into lethal {¢.&nd
LCs0) and sub-lethal (E§s; LOEC and NOEC) crite-
ria. In some categories not every criterion was avail-
able.

Despite the fact that some species were more heavi-
ly represented than others and that the endpoints within

the different effect categories varied considerably, all
individual results were included separately to ensure
that the total variability inherent in the data was includ-

ed. This was to allow for a more accurate uncertainty
estimate when calculating the critical values.

Statistical analysis
When relatively large sets of data are available (usu-

ally 8 or more sets), it is possible to derive a species
sensitivity model from fitting a distribution function to

a log-logistic distribution. The method of Wagner and
Lokke (Wagner & Lokke, 1991) is similar to Alden-
berg and Slob in estimating a parameter to protect p%
of the community, but these authors base their results
on a lognormal distribution.

In comparisons made with the various methods
(OECD, 1992), it was noted that:

¢ the choice of distribution did not have a marked
effect on the protection level calculated.

e the level of confidence of the estimate (from 50%
to 95%) altered the protection level by around a
factor of six. (for relatively small numbers of test
results).

e larger differences arose when the number of data
were small.

¢ the use of acute values divided by 100 gave simi-
lar results to using the NOEC values divided by a
factor of 10.

Thus the choice of a distribution should be deter-

the frequency distributions of the test data and deriv- mined by the data themselves, especially where larger
ing a criterion using a prescribed percentile of that data sets are available. The distributions differ in how
distribution (OECD, 1992). In using this approach, extreme the tailing is at the lower and upper ends.
it is assumed that the species have some distributionClearly, a lowest level of zero is a requirement.

of sensitivity with a few very sensitive species and In general, the use of chronic values is more appro-
many moderately sensitive species. This approach ispriate as a protection level, for species exposed to
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pollutants over a long period. lggvalues are, how-  goodness of fit for the biota distributions. This action
ever, appropriate to use for uncommon exposures of will make the assessed risk more conservative as the
short duration, where some level of mortality would be species most tolerant of copper pollution have been
acceptable. Since large kills may not be acceptable, it excluded in favour of more sensitive taxa.
may be desirable to use a lower percentage than 50 in  Assuming that 5% of the representative population
the LC criterion. This may be a better approach than could be affected (i.e. a protection level of 95%), the
application of an arbitrary factor to the gvalue. The critical hazardous copper concentrations ghjCfor
difficulty with use of NOEC or LOEC values is that each of the subsets of biota distributions were derived
measurement of the effect is more difficult because of (Wagner & Lokke, 1991). The 95% and 50% confi-
the variability in magnitude of the type of effect chosen dence intervals around these estimates were also deter-
and the greater variability among individual members mined as per Aldenberg & Slob (1994). These val-
of the species. ues were then imposed on the distributions generated
Most approaches use the 95% level as the appro-for the water sample copper concentrations (ASV and
priate protection level for most species. It is, however, dissolved) to determine the prevailing probability of
justifiable to use a lower level for distributions of algae exceeding the critical water concentrations and also
and bacteria in consideration of the higher diversity, the degree by which water concentrations would need
functional redundancy, highly variable structure and to be reduced in order to achieve the nominated degree
low public concern for these communities. General- of protection.
ly, there is no consensus on what level of confidence
should be applied to the protection level with some
groups favouring the 95% level and others the 50% Results and discussion
value. Those groups favouring the 95% level, calculate
the bounds using methods based on random sampling.Copper water concentrations
These can add uncertainty since the data set variability
is often systematic rather than random. The US EPA The selected water concentration monitoring data were
does not have a provision for specifying this level of observed for any seasonal and other temporal trends in
confidence and hence its methods should be comparedheir maximum, minimum and average values at sta-
with the 50% levels used by others. Because of the tions for each sampling period (Figures 2a, b and c).
emphasis on determining a parameter at the lower endDespite the occurrence of occasional high values, that
of the data (the 5% level), some censoring of the very may reflect sediment disturbance or increased pollu-
high values is also considered appropriate. This will tant inflow from the King River due to storm activi-
prevent distortion of the 5% level, from either being ty, there were no persistent patterns over the period of
too high or too low. monitoring. These observations imply that copper con-
In this study, preliminary data analysis showed that centrations, in this specific compartment of the areas
the water concentrations and subsets of the biological affected by pollution from Mt Lyell, are currently rel-
effect data were biased towards higher copper concen-atively constant. On this basis, all further comparisons
trations. In some cases this was extreme. Because ofin this report used data combined from all sampling
this, the data were assumed to be log-normally dis- times.
tributed and geometric means and standard deviations
were derived. This form of distribution is typical for ~Comparison with water quality guidelines
data of this nature (e.g. Kooijman, 1987). Probability
distribution functions were generated using these sta- Figure 3 shows the degree of overlap between mea-
tistics within the STATISTICA software package (Stat- sured Macquarie Harbour copper concentrations and
soft Inc., 1994). The goodness of fit of each derived the ANZECC (1992) guideline values of total copper
log-normal distribution was determined using the Kol- (dissolved plus particulate) for the protection of marine
mogorov — Smirnov one sample test or the Chi-Squared ecosystem health. None of the measured total copper
test (Steel & Torrie, 1981) at a significance level of concentrations were less than the guideline value of
5%. The extreme high values mentioned earlier did not 5 ppb (0.7 on the log scale) which is commonly taken
allow an adequate fit to the log-normal model. Thus, as the default regulatory limit. Even dissolved copper
these values, which can be considered as outliers, were(the typical measure of environmental copper concen-
excluded in order to achieve at statistically significant trations in water) and ASV copper (a value more close-
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Figure 2 Maximum (), average ) and minimum {A) copper concentrations in mid-salinity Macquarie Harbour waters at each sampling
period as measured by: (a) anodic stripping voltametry-labile copper; (b) total dissolved coppent) @oth inug 1~ 1); and (c) total copper
(dissolved plus filterable) (mg1).

ly approximating bioavailable concentrations) were in magnitude is required to achieve levels that are beneath
excess of the guideline value most of the time. More the guideline value at least 90% of the time.
than 95% of the measured dissolved coppervaluesand However, total Cu is not a good measure of envi-
75% of the ASV values were greater than the guideline ronmental hazard as most of the measured metal is
at all times. not biologically available and as such will not directly

A reduction in total copper levels within the mid-  contribute to toxic effect. Indirect contribution is pos-
salinity waters of Macquarie Harbour by 4 orders of sible depending upon the degree to which the particle
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Figure 3 Box plots of measured copper concentrations at mid-salinity depths of selected Macquarie Harbour sampling stations (see text) and
sub-sets of raw ecotoxicity data (lethal and sub-lethal) from the literature in relation to the ANZECC guideline copper concentration for marine
ecosystem health (dotted line). The boxes extend from the 25th—75th percentiles with the median as a mid-line. The capped bars indicate the
10th and 90th percentiles and symbols indicate data outside these values.

associated copper can be mobilised into a bioavailable be observed in the raw data of our current study, par-
form. Exceptionsto this generalisation include toxicity ticularly where results for a single species or within
from particulate copper to members of the ecological closely related taxa were examined. However, this was
community that are filter feeders, detritivors thatingest not always foundto be the case as some of the observed
particles containing copper, and plants that use the cop-sub-lethal criteria were less sensitive than others and
per bearing particulates as a nutrient substrate. Thesethere were wide ranging degrees of tolerance between
exposure pathways can be especially significant if the species. That is, some very tolerant organisms showed

affected taxa include keystone species. no or low observed response to very high concen-
trations of copper (high NOEC/LOEC) whilst some
Biological data extremely sensitive organisms died at low concentra-

tions or exposures (low Lg, LDsg).
It is generally assumed that the concentrations In Figure 3 the measured copper concentrations
for each of the biological end-points used in in Macquarie Harbour waters are compared with sub-
the data sorting will decrease in the order sets from the literature data (Ahsanullah et al., 1995;
LCs50>LDs5o>EC50>LOEC>NOEC. Chronic NOECs Hodson et al., 1979) indicating the biological effect of
were found to be 10-30 times lower than acute medi- copper. Both acute and chronic, lethal and sub-lethal
an lethal values on average by Hendricks (1995) when parameters are represented. The plots of All lethal and
studying organic toxicants. This general pattern could All sub-lethal data include information in addition to
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that given for the sub-sets at the top of the page. Giv- 6
en the high copper loads in the Harbour at present it 5
is unlikely that any sensitive taxa persist in that envi-
ronment unless local populations of relatively fecund
species have undergone gradual selective adaptation
to the copper levels to which they have been exposed
since mining began. A

The available literature data cover several trophic  g¢
levels. The information density varies between these | | . ] [ | | [
levels but the discrepancies are minor. Also, the bio- 1 0 1 2 3 4 5
logical effects within any category occur over orders of
magnitude differences in copper concentrations. From
these observations it is apparent that the data have pro-
vided a representative spread of effect levels for both 57 b
sensitive and insensitive species across most trophic = .4
levels and, as such, they are providing a reasonable £ 3
basis for ecosystem scale assessment.

The boxplots representing all lethal and sub-lethal
data show a substantial overlap (Figure 3). However,
sub-lethal effects may be seen to generically occur
at copper concentrations an order of magnitude lower -1 u | | . T T |
than those observed for lethal effects. 1 o0 1 2 3 4 5

The probability distribution functions of combined Log,, sub-lethal copper concentrations (ppb)

taxa Ietha"ty data (LQ) and LDy Values) and sub- Figure 4 Probability distribution functions of copper toxicity data
'etha“tY da_ta (EG, LOEC and NQEC values) are for (a) Iéthal and (b) sub-lethal end-points taken from the literature.
shown in Figures 4a and b respectively. The parame- gxireme (high) values were excluded to allow statistically adequate
ters of these distributions were chosen to give the bestfit of the distributions. The intercepts indicate the copper concen-
‘goodness-of-fit' to the raw data. The most sensitive trations below which only 5% of species are predicted to show a
. response.

comprehensive subset, algal &@ata, could not be
adequately fitted by a log-normal model.

From the raw data, the copper concentrations likely
to be hazardous to 5 and 10% of the biota at the given copper concentrations in Macquarie Harbour. Howev-
end-point are given in Table 1. Also given are the er, Macquarie Harbour waters are known to have a
parameters derived from the fitted distributions. These very high complexation capacity, predominantly from
are the HGy, and the lower limits of the 50% and 95% the levels of organics input from the surrounding fresh
uncertainty, or confidence, ranges about this critical water catchments. From this, it is reasonable to refer

= ‘3_

Probability

2

Log,, lethal copper concentrations (ppb)

lity

Probabl

0.0

value. to the ASV copper distribution for a more realistic
appraisal of ecological risk. This assessment will still
Comparison of the water and biota distributions be conservative as the copper measured by ASV will

include species such as carbonates that are non-toxic

Predominantly, the literature data refer to soluble or (Hunt, 1987) and copper that is moderately bound to
dissolved copper concentrations, particularly when some organic ligands within the water column (Bat-
dealing with determination of lethal end-points. Hence ley, pers comm). These components of the measured
total copper concentrations (dissolved + particulate) copper are not considered to be biologically available.
provide a poor basis for comparison. Field data in par- The cumulative probability distributions of ASV and
ticular refer mainly to dissolved copper concentrations. dissolved copper in Macquarie Harbour mid-salinity
Experimental data are generally concerned with ionic water samples are shown in Figure 5.
copper species and therefore more closely correspond  In Table 2 are shown the probabilities that the mea-
to the ASV values. sured concentrations of copper in Macquarie Harbour

Thus, for comparison of likely toxic effect, dis- waters currently exceed the values that would protect
solved copper will give the upper limit to possibly toxic  95% of species from lethal or sub-lethal effects. The



Table 1 Critical values of copper concentrations (ppb) that have lethal and sub-lethal
affects on biota. Outliers were high values that were removed from the data sets to allow for
statistically adequate model fitting.

Raw data Fitted distribution
Taxonomic group  Criteria 5% 10% HE 50% conf. 95% conf.
value value
All lethal 30 60
All-outliers lethal 17 40 21.1 20.8 9.4
All sub-lethal 49 5
All-outliers sub-lethal 3.7 5 2.1 2.1 0.9
algae sub-lethal 15 15
invertebrates lethal 17 40 23 21 5.1
fish lethal 100 200 93.8 84.9 18.1
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Figure 5 Cumulative probability distributions of ASV-labile and total dissolved copper in mid-salinity waters of Macquarie Harbour. The
curves indicate the probability of measuring a concentration less than any specified value, based on monitoring data.

high outliers were excluded from the raw data across point, the degree of dissolution from sediment must

all species. also be taken into account in addition to reductions in
From the sub-lethal values, the 0.90 probability input via the King River.
concentration of total dissolved copper in Macquar- The lethal parameters for invertebrates and fish are

ie Harbour would need to be reduced by a factor of included in Table 1. The raw data are also shown in
approximately 30 to achieve adequate protection basedFigure 3. It can be seen that invertebrates are relative-
solely on this criteria without application factors. To ly comparable to the generic lethal data and, as such,
protect 95% of the algal species 90% of the time a sub-sets of crustacean data may be a reasonable surro-
reduction in ASV copper concentrations by a factor of gate for more extensive biological data in other com-
approximately 2 is required. parisons. The fish data are relatively insensitive when

When making assessments of the degree of reduc-compared with the end-points derived for combined
tion in copper required to achieve this type of end- taxa lethal data or any sub-lethal parameters.
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Table 2 Current probabilities of exceeding the critical values to

protect 95% of species Research workers will tend to select species that are

most likely to show a significant response to any test.
Lethal Effects Sub-lethal effects Sensitive species are also likely to have been chosen

Water quality ASV Diss.Cu ASV Diss.Cu for testing or monitoring on the basis of their rela-
tive response in field surveys. In addition, the exclu-
sion of extremely tolerant species from the biota data
to achieve normal distributions has biased the data
towards more sensitive taxa.

e The use of laboratory studies to estimate environ-

5% value from raw

data for all species 0.19 0.760.90~1.0
5% value (at 50%

confidence level)

from fitted

distribution for mental risk.

all species 012 0.66 098 ~1.0 Most controlled laboratory studies constrain the
5% value for Algae experimental parameters to minimise variability. Many
from raw data 0.24 0.82 natural water quality parameters that reduce toxici-

ty (e.g. complexation capacity) are thereby excluded
from these studies. Hence, this may lead to an over-
estimate of toxic effect when the results of laboratory
studies are applied to natural systems.
¢ The use of the lower limit of the uncertainty esti-
mate of the critical hazardous concentration is
inherently conservative. Emans et al. (1993) also
found that the Aldenberg & Slob (1993) model

Factors that affect the relative degree of safety
implicit in the risk analysis

The following decisions and other factors provide
inherent conservatism (safety) to the risk assessment.
* Use of measured values that overestimate the bio- o< on single-species data, tended to overesti-
logically available copper water concentrations. mate toxic effect when compared with relevant field
The labile copper measured by ASV as well as multi-species studies.
the dissolved concentrations include some chemical « The likelihood of the occurrence of tolerant popu-
species that are less, or not, bioavailable. These chem- | tions of species within the Harbour brought about
ical species are less toxic than the free ionic form of by over a century of natural selection pressure.
copper. o _ o The following factors are of unknown significance
* Use of mid-salinity water quality data maximised  or could contribute to an estimate of greater risk from
waters of Macquarie Harbour and, hence, the per- 4 The magnitude of significant water quality para-

ceived risk to biota. meters.
e Use of all water measurements ratherthan averages  Thijs study has looked solely at copper concentra-
for any period. tions in the mid-salinity habitat of Macquarie Harbour.

Thereislittle likelihood of all sites being simultane-  There has been no specific attempt in this study to
ously contaminated to high levels. The average values address the other habitat parameters that can influence
at any particular sampling period (Figure 2) indicate a copper toxicity. These include possible additive or syn-
distribution about a factor of two lower than the maxi- ergistic affects from other toxic materials (eg zinc) and
mum values measured at the same time. This providesantagonistic effects such as complexation by organic
an additional safety factor in the assessment given thatligands or the formation of non-toxic metal species.
mobile species will be at an advantage in thatthey may o the keystone species for ecological sustainability

avoid or move out of highly contaminated zones to oth- have not been identified.
er depths or locations, and widely distributed species At present, too little is known of the local biologi-
will be able to recolonise affected areas. cal communities, either within Macquarie Harbour or

e The data from the literature studies represent in similar habitats unaffected by the pollution from
effects to proportions of individuals within popula- Mt Lyell. As such the keystone or indicator species
tions rather than to populations as a whole. Higher have yet to be adequately identified for the overall
concentrations would be required to affect all indi- study. The successful identification and re-occurrence
viduals within the tested populations. of these species within Macquarie Harbour is certain

¢ Probable biasin the literature data towards sensitive to be one of the criteria for success of the overall reme-
species. diation process.
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e The impact of copper concentrations in the upper total dissolved copper water concentrations by a fac-
water layer habitat of Macquarie Harbour has not tor of at least 30 is required. For algae, important as
been addressed. the autochthonous primary producers of the ecosystem
Very high levels of copper are present in the less and the most sensitive taxonomic group, the reduction

dense river water suspended above the saline wedgeof the ASV-labile copper concentration in water that is
within the Harbour. The copper levels are well in required to protect 95% of species is an approximate
excess of the ANZECC guidelines for fresh waters. factor of only 2 based on the available literature.

The impact on euryhaline, migratory or fresh water The risk assessment is reasonably conservative for
species could be significant at the measured concen-a variety of reasons. Predominant amongst these are
trations. Any assessment of this habitat should include that a relatively low risk of hazard (5%) was chosen as
toxicity to water fowl including bioaccumulation path-  the critical assessment level; that sub-lethal end-points
ways. were considered; and that bioavailable copper was over

e Bioaccumulation pathways and their associated estimated.
risk, to other biota or humans, have not been Factors that may contribute to risk but which have
addressed. not been addressed in this study include the possible

¢ Quiality criteria have not been applied to the selec- presence of metals such as zinc that could influence the
tion of literature data used for the models. Exclu- overall toxicity of harbour waters. It is also imperative
sion of data will lead to changes in the probability that a biological survey be undertaken to identify, if
distributions but the significance of these changes possible, potential keystone species in equivalent envi-
cannot be assessed at present. ronments with particular note of any filter feeders or

e Sediment effects. benthic species that may be affected by the high con-
Estimations on the degree of copper concentration centration of copper in the Harbour sediment.

reductions required will need to include an assessment

of the likely remobilisation of sediment bound copper

as well as reductions in riverine input. It must also Acknowledgments
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