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AIM
To determine how effective the application of Phoslock (lanthanum-modified clay) in
March 2007 was at removing bio-available phosphorus from water bodies and
retaining it in the sediment layer. Furthermore, to measure the deposition of
lanthanum downstream from the test site to understand how it moves through the
water-body.

OBJECTIVES
1. To assess the formation and retention of the barrier layer at the sediment-water
interface in the Torrens River approximately seven months after the initial
application of Phoslock.
2. To compare the phosphorus concentration in the sediment with that in the
water as an indication of the efficacy of Phoslock in binding bio-available
phosphorus into an insoluble precipitate.
3. To determine the concentrations of lanthanum downstream of the test site as
an indication of movement within the waterways.

SCOPE
1. Site Selection
Three locations were chosen in the section of the Torrens Lake between the Torrens
Weir and the University Footbridge that had received Phoslock treatment in March
2007. At each location within the treatment area, two sites were specified. The first
site was at the lake’s edge and the second site was in the centre of the lake. The three
sites were evenly spaced along the treated area (Table 1 and Figure 1).
Two additional sites were chosen, one upstream and one downstream of the treated
area. Upstream of the Frome Road Bridge and the treated area, was the control site
were a sample was taken from the middle of the river only. The Bonython Park Lake
was chosen as the site downstream of the Torrens Weir and a sample from the middle
of the river was taken here also (Table 1 and Figure 1). Neither the control site, nor
the site downstream of the Torrens Weir was directly treated with Phoslock.
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Table 1: Eight study sites and descriptions.
Site Number

Site type

Location

Description

1

Treated Site

University Footbridge

Lake Edge

2

Treated Site

University Footbridge

Centre of Lake

3

Treated Site

Torrens Lake Weir

Lake Edge

4

Treated Site

Torrens Lake Weir

Centre of Lake

5

Treated Site

Adj. Festival Theatre (Elder Park)

Lake Edge

6

Treated Site

Adj. Festival Theatre (Elder Park)

Centre of Lake

7

Control Site (Upstream)

Frome Road Bridge

Centre of Lake

8

Downstream of Weir

Bonython Park Lake

Centre of Lake

3

8

3

4
6

5

Figure 1: Aerial photograph showing location of the eight study sites.
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7

Phoslock Treated Area
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2. Sample collection
Samples of sediment and the overlying water were collected from each site to obtain
an approximate profile of any Phoslock barrier formation and retention. Where
possible, a 5 cm deep sediment sample with 15 cm of overlying water was taken using
a 5.5 cm diameter core sampler (Figure 2a,b). One sample of sediment and overlying
water was taken at each site. Each core was then separated into three sections (Figure
2c).
1. 15 cm of overlying water
2. 0-2.5 cm of surface sediment
3. 2.5-5 cm of underlying sediment
Samples were placed into plastic containers and transported to the Australian Water
Quality Centre (AWQC) Laboratories for analysis in eskies chilled with ice.

a)

b)
Rubber bung

Extension tube

To collect a sample:
1. Gently lower corer down through
water column until the
sediment/river bed is reached.
2. Push the corer into sediment until
desired depth is reached.
3. Add rubber bung and gently
remove corer and bring to surface.
4. Push core and water through the
corer from the bottom, until the
desired water depth is reached.
5. Continue to push core and water
through the corer, collecting
desired sample sections as they
appear through the top.

c)

15cm
1

Sediment corer

2
3

Sediment-water
interface
2.5cm
5cm

Figure 2: a) A photograph of the sediment corer showing its three sections - the rubber bung, extension
tube and sediment corer. b) Instructions on the methodology used to provide water samples and sediment
cores for analysis. c) This cross-section of the core sample depicts the three layers – water, upper sediment
and lower sediment – collected for analysis.
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3. Measurement of Nutrient levels and Water Quality parameters
A. Water Analysis
Single samples of the overlying water were collected at each site and transported to
the Australian Water Quality Centre (AWQC) Laboratories on ice for analysis. The
following tests were applied to each sample
•
•
•

Total Lanthanum
Total Phosphorous
Filterable Reactive as Phosphorus (FRP)

B. Sediment Analysis
A single sediment core was taken at each sample site to a depth of 50cm and divided
into an upper sediment layer (0-2.5cm), and a lower sediment layer (2.5-5cm). Each
layer gave a homogenous sample that was analysed for
•
•
•
•

Total Lanthanum
Total Phosphorous
Filterable Reactive as Phosphorus (FRP)
Total Solids – to enable concentration per unit dry weight to be calculated

The water and sediment samples taken downstream of the Phoslock treated area, at
Bonython Park Lake, were only analysed for total Lanthanum to determine whether or
not the Phoslock barrier had moved beyond the treated area.

Results and Discussion
1. Formation and Retention of Barrier Layer by Phoslock
The concentration of Lanthanum in the upper and lower layers of sediment samples
are shown for all sites, except the lower layer from the centre of the river at the
University Footbridge, in Figure 3 (the data that was used to plot graphs is shown in
appendix 1). At two sites – the centre and lake edge of the Torrens Lake Weir (and
possibly centre of University Footbridge) – the concentration of Lanthanum remains
significantly higher than the upstream control, which received no direct Phoslock
application. At these sites, the concentration of Lanthanum remains higher in the
upper sediment layer than in the lower sediment layer, suggesting that a barrier layer
has formed.
The University Footbridge shows the highest concentration of Lanthanum for all
recorded sites in the Torrens Lake. It remains unclear whether a barrier layer has been
retained in the upper layer of sediments at the river centre as the lower sediment layer
was not able to be analysed. However, the river edge of the same location shows high
concentrations of Lanthanum present in both the upper and lower sediment layers.
At the remaining two sites – mid-channel and lake edge of Elder Park adjacent to the
Festival Theatre – concentrations of Lanthanum are higher in the upper sediment layer
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than the lower sediment layer. Although the difference between the Lanthanum
concentrations at the upstream control compared with those samples taken from Elder
Park are not significant.
Interestingly, for four of the five conclusive samples within the Phoslock treated area,
Lanthanum concentrations in the centre of the river were higher than those at the
river’s edge. Whether this was due to the Phoslock application technique or the
internal hydrology of the lake is unclear.
Further analysis of sediment deposition rates and the internal hydrology of the
Torrens Lake remain necessary requirements if more precise conclusions are to be
drawn.
2. Binding Bio-available Phosphorus into an Insoluble Precipitate in Sediment
Figure 4 shows the concentrations of total phosphorus measured in the overlying
water (a) and the upper and lower sediment layers (b). The total phosphorus
concentration in the sediment is an order of magnitude higher than the total
phosphorus concentration in the overlying water.
The lower sediment layer shows no substantial difference in total phosphorus
concentrations between the upstream control and the comparable sites within the midchannel Phoslock treated area. The upper sediment layer gives an average value of
617mg/L for the three treated mid-channel sites, more than double the concentration
found in the upstream control of 297mg/L. However, the total phosphorus within the
overlying water is consistently higher in the Phoslock treated area than in the
upstream control (Figure 4a). With regards to bio-available phosphorus however, the
concentration of FRP in the overlying water of the upstream control is significantly
higher than the overlying water taken mid-channel from three sample sites within the
Phoslock treated area (Figure 5a).
As with Lanthanum concentrations, the mid-channel shows consistently higher
concentrations of total phosphorus and FRP than the samples taken at the river’s edge.
Although, this apparent correlation may hold more strongly for water samples than for
sediment samples, as is demonstrated by the higher concentrations of FRP in the
lower layer of lake edge sediment near the Torrens Lake Weir and the upper layer of
lake edge sediment at the University Footbridge (Figure 5b).
3. Movement of Phoslock Downstream of Treated Area
The Torrens Weir is a mass concrete gravity dam that uses sluice gates to retain water,
forming the Torrens Lake. The water flows beneath the sluice gates, providing a
possible movement of lanthanum-modified clay downstream of its initial application
site. To test this, the concentration of lanthanum in the sediment downstream of the
weir, at the Bonython Park Lake, was measured (Figure 6). A very low level of
lanthanum, less than 25mg/L in both the upper and lower layers of sediment was
recorded. This value is five-fold lower than the negative control set up by measuring
the lanthanum concentrations upstream of the Phoslock treated site. These initial
results, therefore, suggest that the lanthanum-modified clay adsorbs strongly onto the
sediment layer and is not washed downstream in any significant concentrations.
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Conclusion
The commercially available algal treatment Phoslock was tested to determine how
effective it was at removing bio-available phosphorus from the Torrens River in
Adelaide. Further testing was conducted to determine the retention rates of lanthanum,
the main component of Phoslock, in the sediment and to measure any possible
downstream contamination of the algaecide.
Results were generally positive, with Phoslock creating and retaining a barrier at or
near the water-sediment interface in four out of a possible six tested sites seven
months after initial treatment. One other site gave inconclusive results, but showed
high concentrations of lanthanum in the upper sediment layer, which is consistent
with an expected positive result.
The concentrations of lanthanum recorded in the sediments at the upstream negative
control were not significantly lower than those within treatment site, reducing the
validity of the findings. It is expected that the Phoslock adsorbs onto the sediment,
spreading to provide more uniform concentrations. This may have led to the
lanthanum moving upstream of the treated site and causing the observed results. An
adsorptive mechanism of spread is also consistent with the very low concentrations of
lanthanum recorded downstream of the Torrens Weir. The lanthanum would need to
be preferentially soluble in water to move through the weir unless significant flows, to
flush out silt for example, occurred.
Further evidence suggesting successful barrier formation comes from the
concentration of FRP at the treated sites. At all three sites within the treated area, FRP
concentrations directly above the sediment are reduced by at least 50% relative to the
upstream control site.
Total phosphorus concentrations in the upper sediment layer are consistently higher in
the Phoslock treated area compared with the upstream control, suggesting that bioavailable phosphorus has been irreversibly bound into an insoluble precipitate and
held in the sediment.
Overall, Phoslock appears to have significantly altered the nutrient availability within
the Torrens Lake. However, the long-term retention of the barrier layer remains
dependant on the internal water movements and sediment deposition rates which are
the likely cause of the variance within the lanthanum concentrations. Further research
is needed into the retention times of Phoslock, its movement along the water-sediment
interface and the effects of sediment deposition in covering the Phoslock barrier.
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Figure 3: Concentrations of total lanthanum (mg/L) in upper sediment layer (0-2.5cm core) and lower sediment layer (2.5-5.0cm core) at
sample sites in the Torrens River.
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Figure 4: a) Total phosphorus concentrations in the water samples taken directly
above the sediment and b) total phosphorus levels locked in the sediment. Note the
order of magnitude between the two plots.
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Figure 5: Filterable Reactive as Phosphorus in the lower sediment layer, the upper
sediment layer and the overlying water layer from the lake edge (a) and the centre of
the river (b).
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Figure 6: A comparison of lanthanum concentrations at the Downstream Bonython Park Lake, Upstream of the Frome Road Bridge (negative
control) and Torrens Lake Weir (treated site).
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1
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10
11
12
13
14
15
16
17
18
19
20
21
22
23

Location

Torrens Lake Weir
Adj. Festival Theatre (Elder Park)
University Footbridge
Torrens Lake Weir
Adj. Festival Theatre (Elder Park)
Torrens Lake Weir
Adj. Festival Theatre (Elder Park)
University Footbridge
Torrens Lake Weir
Adj. Festival Theatre (Elder Park)
University Footbridge
Torrens Lake Weir
Adj. Festival Theatre (Elder Park)
University Footbridge
Torrens Lake Weir
Adj. Festival Theatre (Elder Park)
University Footbridge
Bonython Park Lake
Upstream Frome Road Bridge
Bonython Park Lake
Upstream Frome Road Bridge
Bonython Park Lake
Upstream Frome Road Bridge

Sample

Appendix 1

Centre 0-2.5cm Core
Centre 0-2.5cm Core
Centre 0-2.5cm Core
Centre 2.5-5.0cm Core
Centre 2.5-5.0cm Core
Bank 0-2.5cm Core
Bank 0-2.5cm Core
Bank 0-2.5cm Core
Bank 2.5-5.0cm Core
Bank 2.5-5.0cm Core
Bank 2.5-5.0cm Core
Bank
Bank
Bank
Centre
Centre
Centre
Centre
Centre
0-2.5cm Core
0-2.5cm Core
2.5-5.0cm Core
2.5-5.0cm Core

Description
286
157
721
20.5
113
77
73.6
164
27.2
27
200
0.002
0.001
0.001
0.002
0.001
<0.001
<0.001
<0.001
22.1
126
19.5
137

Lanthanum (Total)
0.005
<0.005
<0.005
<0.005
0.007
<0.005
<0.005
0.01
0.018
<0.005
<0.005
0.014
0.014
0.034
0.013
0.013
0.01
0.026
<0.005
<0.005

FRP
511
580
762
490
497
316
269
477
368
308
280
0.268
0.343
0.392
0.452
0.633
0.779
0.39
297
521

Total P
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35.10%
40.80%
30.40%
53.30%
44.10%
49.80%
55.10%
34.50%
51.80%
59.30%
43.70%
62.80%
27.20%

Total Solids

