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Introduction
Diatoms are increasingly used as biomonitors of water quality in Australia, partly as an extension of the
AUSRIVAS concept and partly through the increasing emphasis on biological/ecological monitoring of
stream health that is acknowledged in the Australian and New Zealand water quality guidelines
(ANZECC and ARMCANZ, 2000). This work brings together the findings of three studies relating
diatom populations to the water chemistry of two temporary streams affected by acid drainage.

1. Sand-associated Diatoms in the Finniss River East Branch
In the first study, the changing diatom flora of the Finniss River East Branch was found to
relate to a gradient of acid drainage pollution that developed in the recessional flow period of
the early Dry season of 1995. Copper was assumed to be the most toxic of the range of metals
present in the acidic water draining from waste rock heaps of the Rum Jungle mine site. Copper
concentrations declined exponentially from ca. 30,000 to 40 ug L' across 16 sites sampled
between the mine and just upstream from Hanna's Spring Creek (see Figure 1 in Holden et al., this
volume) where the acid drainage-affected stream section extends from EB7 to a little upstream of
EB2). The pH varied from 2.8 to 8.2 in the same 6.5 km stream section. Six reference sites, sampled
in the upper East Branch, Fitch Creek and the Little Finniss River, had Cu concentrations ranging
from <5 to 5.1 ug L1 and a pH range from 5.8 to 7.4. The 'richness' of the diatom flora (sand-
associated benthic diatoms) was from 30 to 45 species at the reference sites and ranged from only a
few species to 23 species along the gradient of acid-drainage affected sites. A principal components
analysis of the relative species abundances (Figure 1) showed a clear separation of reference sites from
even the least polluted 'gradient' site, on axis-1. This primary axis was best correlated with indicators
of the pollution gradient, such as Ca and Cu concentrations and pH.

This study of a polluted system in an otherwise clean environment found that:
• Changes in benthic diatoms did reflect the pollution gradient that develops in the Finniss East

Branch during the early dry season.
• The East Branch, upstream from Hanna's Spring Creek, had not recovered to closely resemble

reference sites by 1995.
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Figure 1. Principal components analysis of diatom data (percentage relative abundance of species).
There is a clear separation of reference sites (R1-6) from 'polluted' sites (P1-16) along axis-1.

2. Rock- and Mud-associated Diatoms in Dawesley Creek, South Australia
The second study was of Dawesley Creek, which drains the disused Brukunga pyrite mine in

South Australia (Figure 2). Here, aluminium represents one of the most toxic metals, ranging
in concentration from approximately 240,000 to 500 ug L1 in a 30 km stream section

including the mine site. The pH ranged from 2.7 to 7.5 along the acid drainage gradient
downstream from the mine site. Reference sites upstream and in side-streams ranged in

Al concentration from 220 to 1000 ug L1, with a pH ranging between 6.7 and 7.7.
In contrast to the Finniss River study, some of the reference sites in this drainage system were

characterised by pronounced nutrient and saline pollution. In Dawesley Creek upstream of
the Brukunga site, maximum concentrations of total phosphorus and total nitrogen were

23 and 53 mg L1, respectively. Downstream, at the point were the stream joins the Bremer
River, water quality was affected by dry-land saline drainage. A conductivity of 8100 uS cnr1

was recorded at the reference site in the Bremer River above its confluence with
Mt Barker Creek.

The 'richness' of the diatom flora (rock- and mud-associated benthic diatoms) was in the
range 18 to 35 species at the reference sites and ranged from 5 to 36 species along the

gradient of potentially acid-drainage affected sites. A canonical correspondence analysis of
the relative species abundances (Figure 3) showed a clear separation of the five most acid-
drainage affected sites from all other sites, on axis-1. This first axis was best correlated with

indicators of acid drainage pollution, such as Al concentration and pH. The second axis
separated the most nutrient-polluted sites (especially 1, 2, 3, 9 and 10; Figure 2) from

other sites, and this axis was best correlated with concentrations of phosphorus and nitrogen.
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Figure 2. Map showing sampling sites in the Dawesley Creek-Bremer River drainage system, the position of the
disused Brukunga mine, the source of nutrient pollution upstream from the mine site (sewage ponds) and the
stream sections used in geochemical modelling and ecological risk assessment (see section 3).

This study of a polluted system within an already polluted environment found that:

• Benthic diatoms (rock- and mud-associated) clearly showed the effects of acid drainage in
both reduced species richness and through finding species of Navicula and Nitzschia, not
identifiable from standard taxonomic texts, that were largely confined to the most acid
drainage-affected sites.

• The diatom flora distinguished between two of the three pollutants: excess nutrients and acid
drainage. The coincidence between the downstream decline in nutrient concentration and
increasing salinity (as conductivity) obscured any obvious effect of salinity.
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Figure 3. A canonical correspondence analysis, based on diatom data and environmental variables, such as the
concentration of metals and nutrients. Each sample site (1-20) is represented by two sub-samples,
where I denotes rock-associated diatoms and p mud-associated diatoms. Axis-1 is best correlated with Al
concentration (r = 0.92) and pH (r = -0.88), while axis-2 is best correlated with nutrient concentrations
(r = 0.94 for total P and r = 0.77 for total Kjeldahl nitrogen). Taken from Ferris et al. (2000a).

3. Combining Ecological Risk Assessment with Geochemical Modelling
and Diatom Sampling

The third study was also conducted on data from Brukunga and was designed to relate field

measures of diatom populations to ecological risk assessment and geochemical modelling. An extended

abstract of this work is published elsewhere (Ferris et al. 2000b). Reports of a white floe forming where

Naime Creek entered Dawesley Creek (Figure 2) raised the question as to the predictability and ecological

significance of this chemical event, presumed to involve precipitation of dissolved aluminium. The median

water chemistry of upstream sites (MDC, sites 4-8; acid drainage-affected) and Nairne Creek (reference

sites 9 and 10) was input to the geochemical code MODPHRQ in volume proportions of approximately

1/8th MDC water to 7/8ths Nairne Creek water. These proportions were found to reproduce the median

field measurements of pH for the downstream stream section (LDC, sites 11-14; downstream of Dawesley-

Nairne Creek confluence). The geochemical code successfully predicted flocculation of Al-phosphate and

Al-hydroxide with Fe-hydroxide.

The same water chemistry was also input to the ecological risk assessment code, AQUARISK, which

predicted the percentage of species that would be affected by the total and bioavailable (geochemically

modelled) fractions of aluminium. This 'desktop' study was then compared to the median field

measurements of diatom species richness in the MDC and LDC stream sections, to provide an

independent test of the ecological risk predictions (Figure 4). This comparison showed that the

flocculation event was associated with a considerable reduction in aquatic ecotoxicity. The comparison

also showed a reasonable agreement between AQUARISK and the independent diatom data. In the case

of the downstream site, however, this was only the case when the concentration of bioavailable

aluminium was used to predict the percentage of species likely to be affected.

29



30

AQUARISK predictions compared with Diatom biomeasures
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Figure 4. Predicted ecological risk (as percentage of species likely to be affected by median total and
bioavailable Al) compared with field-measured numbers of diatom species (expressed as a percentage of the
maximum number of species found in the local area). The diatom data are shown as median ± interquartile
range for the site groups shown in Figure 2.

This study of the changing ecological risk associated with an aluminium-based flocculation event
found that:
• The geochemical code, MODPHRQ, could successfully model an aluminium-based flocculation at

the confluence of acid drainage affected Dawesley Creek with Nairne Creek.
• The reduced concentration of bioavailable aluminium, downstream from this flocculation event,

was associated with increased species richness of benthic diatoms.
• There was reasonable agreement between the ecological risk predicted for measured aluminium

concentrations using AQUARISK and the ecological risk estimated using field-sampling of diatom
flora, as long as bio-availability was taken into account.

Conclusion
In the three studies reported, changes in the benthic diatom flora have been successfully used to:
• Show the toxic effects of acid drainage from two mine sites.
• Differentiate between nutrient and acid drainage pollution in a stream system affected by more

than one pollutant.
• Provide independent corroboration of the AQUARISK ecological risk assessment code.
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