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Biological measures assessing the impact of pollution on aquatic ecosystems have been
increasingly used over the last ten years to examine ecosystem health. The focus, however, has

been on diversity and abundance of higher organisms, such as fish, frogs and macroinvertebrates,
and it is desirable that such measures be made across all trophic levels of the ecosystem. In this

study, phospholipid-fatty acid analysis and microbial carbon substrate utilisation assays (BIOLOG)
of sediment and water samples were conducted to evaluate their usefulness as a measure of the

effect of acid rock drainage (ARD) on the East Branch of the Finniss River.

Phospholipid fatty acids (PLFAs) are components of cell membranes and walls that occur in all
microbes, and their abundance and diversity in samples reflect differences in microbial

community structure and abundance. In addition, PLFAs rapidly breakdown after death of
microorganisms and thus total PLFA is a good measure of the viable microbial biomass present

in a sample. BIOLOG assays were originally designed for bacterial identification and utilise
commercially available 96 well microtitre plates where each well contains a freeze-dried carbon

substrate, nutrients and a redox dye. Utilisation of the substrates is indicated by colour
development which can be quantified by measurement of absorbance at 590 nm. Garland and

Mills (1991) demonstrated the potential application of the plates for rapid characterisation of
heterotrophic microbial communities from different habitats. BIOLOG plates have since been

utilised in substrate utilisation profiling to characterise microbial communities in a range of
environmental samples, including plant soil communities, soils, freshwater (Lehman et al., 1997)

and groundwater. The range of substrates utilised is a measure of functional diversity, whereas the
strength of colour development is a function of microbial numbers. We have modified the

BIOLOG assay and data processing by not normalising inoculum size or absorbance data to
generate an integrated measure of abundance and diversity. Both PLFA, and BIOLOG assays,

generate data well suited to multivariate analysis and previous studies of the impact of ARD from
the Brukunga mine (South Australia) have demonstrated the ability to distinguish between the

effect of ARD, nutrients and dry-land salinity on microbial populations (March et al., 1999; Foster
et al., 2000; Holden et al., 2000; Wilde et al., 2000).

Sediment and water samples were collected 15-21 June 1999, at 20 sites on the Finniss River (East
Branch) in the Northern Territory, and at selected reference sites unaffected by ARD from the Rum

Jungle mine site (Figure 1). These sites included Little Finniss River (LFRA and LFRB), Fitch Creek
(FCA and FCB), Hanna Spring (HS) and a tributary creek known designated 4S. East Branch sites
included immediately above the mine (EB8A and EB8B), Whites Overflow (WO)asthe ARD input

from Whites overburden heap, immediately downstream of the mine (EB7), EB6, EB6B and EB5D
downstream, EB4U upstream of the confluence with the reference creek (4S), EB4D downstream
of that confluence, EB3A upstream of the confluence with Hanna Spring, EB2 downstream of the
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Figure 1. Map of the East Branch of the Finniss River showing sampling sites.

confluence with Hanna Spring, and EB1U before the confluence with the Finniss River.
All samples were kept on ice in the field and at 4°C until return to the laboratory.
Water samples were analysed for Al, Ca, Cd, Co, Cu, Fe, Mg, Mn, Na and Ni (inductively
coupled plasma atomic emission spectroscopy), anions (liquid chromatography), conductivity
and pH. Phospholipids from the sediments were solvent extracted quantitatively by the
modified one-phase Bligh-Dyer method (White et al., 1979) and purified by silicic acid column
chromatography (Franzmann et al., 1996). Fatty acids derived from the phospholipid fraction
were converted to fatty acid methyl esters (FAMES). These were identified and quantified using
gas chromatography mass spectrometry. The PLFA profiles, as absolute abundance, were treated as
multivariate data and analysed using hierarchical cluster analysis and principal component analysis
(PCA) using the PC-based software package, Canoco for Windows version 4.0 (Centre for
Biometry, Wageningen, The Netherlands). The absolute abundance of FAME (nmol g°) and
relative abundance within a sample (mole %) were transformed to a logarithmic scale and the
data were ordinated by PCA and redundancy analysis (RDA). Both PCA and RDA assume a linear
model between each FAME species and the ordination axes.

Contrary to expectation, total PLFA was higher at sites most affected by ARD in comparison with
most reference and downstream sites. The sediment from the outflow of White's overburden
dump contained >6 nmol PLFA g-1 and the sites immediately downstream were also elevated in
comparison with sites 8A and 8B immediately above the mine (<2 nmol g'1). Tailings Creek pond
(TCP) was also affected by ARD and had elevated Total PLFA (4 nmol g-1). The downstream sites,
EB4D and Hanna Spring, also had elevated total PLFA. Fitch Creek was the only reference site
displaying high PLFA (12 nmol g-1). The increased total PLFA at heavily affected ARD affected sites
was thought to be due to proliferation of the acidophilic bacteria Addithiobacillus spp, as they are
known to be well adapted to such habitats. These findings contrast with those obtained in
examining the impact of ARD in the Dawesley Creek system where ARD impacted sites had
significantly lower total PLFA than reference sites (Foster et al., 2000; Holden et al., 2000).

Ordination using PCA of the variation of individual PLFAs versus sampling sites did not produce
discrete clustering of ARD affected sites (not shown). Whites Overburden (1 and 2), Hanna
Spring and EB4D reported in a similar position on the X-axis (61.9% of variation) but were



divergent on the Y-axis (11.2% of variation). The remaining sites formed a cluster on the X--
axis with EB6, EB7 and on the edge closest to the first cluster. However reference sites reported

closely with these sites. However, Redundancy analysis of PLFAs and sites with respect to water
quality parameters did produce a clearer separation. Figure 2 shows an RDA of PLFA, sites and

SO4, Al, Fe and pH. The reference sites clustered separately from ARD affected sites and within
the ARD cluster, downstream sites formed a sub cluster separated on the Y-axis.

In the case of substrate utilisation assays, sediment samples were incubated with sodium
pyrophosphate solution to detach microbes, centrifuged at low speed to remove large particulates
and the cell suspension inoculated into BIOLOG ECO plates after 1:100 dilution. The ECO plates
contain 32 different substrates in triplicate. Water samples were diluted 1/10 prior to inoculation.
The plates were incubated at 30°C and absorbance at 590 nm measured. These results were used
to calculate an average well colour development (AWCD) value for each sample. Multivariate analysis
of the full data sets was also conducted. AWCD values for assays of both water and sediment samples
were clearly lower at ARD affected sites closest to the mine with the effect being more dramatic in the
water sample assays (not shown).

Above the mine, sites 8A and 8B had AWCDs of 0.58 and 0.54 for assays of water samples, whereas
from Whites Overburden downstream the AWCDs ranged from 0 to 0.23 until site EB4S (0.77).
The number of carbon compounds utilised by the microbiota in the samples also followed a
similar pattern.

Principal component analysis of activity against individual carbon compounds versus sample site
gave two clusters with East Branch downstream sites overlapping with the reference
site cluster (Figure 3).

The following conclusions were reached:
• Initial analyses suggested that total PLFA doesn't correlate well with water and

sediment quality.
• Multivariate redundancy analysis separated ARD affected and reference sites based on

PLFA species and the water quality parameters SO4, Al and Fe.
• BIOLOG AWCDs, and number of carbon compounds utilised, reflected sediment quality with the

notable exception of Hanna Spring.
• BIOLOG AWCDs were depressed at sites whose water quality reflected ARD.
• Principal component analysis separated reference from ARD sites with an overlap at downstream sites.
• RDA separated sites based on sediment quality vs BIOLOG with Fe, Ni and Zn accounting for most of

the variation in the data (not shown).
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Figure 2. Redundancy analysis of PLFA data and
samples sites with respect to environmental
variables.
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Figure 3. Principal Component
Analysis of Sample Sites and
data from BIOLOG assays of
sediment microbiota. X-axis
accounts for 49.3% of variation
and Y-axis 11.6%.
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