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The use of aluminium sulphate to control algal blooms and
chironomids in Jackadder Lake, Western Australia

M. A. Lund and E. T. Chester

Introduction

Jackadder Lake (area 7 ha) is situated in a 13.8 ha public
park in Perth, Western Australia. The lake is shallow
(1-2m) and approximately 95 % of the fringing vegeta-
tion has been cleared for lawns.

Inputs of fertilizers entering the lake via surface runoff
have elevated phosphorus concentrations to eutrophic
levels (>10pgP - 17 ') (WerzeL 1975). Blooms of Micro-
cystis aeruginosa or green algae are common throughout
the year producing ideal conditions for the growth of
the nuisance chironomid, Polypedilum nubifer. Adults
emerge throughout the summer months in large num-
bers, restricting outdoor activities for local residents. In
response to this problem, which is common in Perth,
the local council treats the lake with the pesticide Abate
(active ingredient Temephos). The treatment has be-
come less effective due to increasing resistance in target
species (Davis et al. 1988).

In response to this problem, this study attempted to
reduce nutrient levels and thereby control chironomid
abundance through food limitation rather than contin-
ued reliance on pesticides. The application of
aluminium sulphate (alum) has proved an effective and
economical method for improving water quality (Ken-
NEDY & CoOKE 1982). The main disadvantage is that the
treatment tends to only be effective for 2-3 years. In
many previous aluminium sulphate treatments no con-
trols have been used. Alum treatments have rarely been
used in Australia to improve water quality and the only
documented treatment is that of May (1974). The aim of
this study was to conduct a controlled whole lake ex-
periment into the use of aluminium sulphate as a tool for
improving water quality in Australian lakes.

Methods

The guidelines of KenNeDY & CookE (1982) were used to
determine the alum dose of 14.5mg AI** - 1! required
to obtain a final pH of 6 in the lake, using an estimated
lake volume of 93 - 1081, alkalinity of 120 mg CaCO; -
1=' and pH of 8.5. Application occurred over 2 days
(days 0 and 1), the alum in liquid form (33.5 - 10°kg,
7.7 % Al;O3) was pumped from the shore via a floating
hose and spraying was directed from a dingy.

A control enclosure was constructed approximately a
week before treatment and utilized an island (0.12 ha) si-
tuated 40-50m from the shore. Barriers of P.V.C.
sheeting were weighted and suspended by chains be-
tween the island and the shore forming a 0.25ha en-
closure.

Samples were collected from 3 randomssitesin both the
treated and control areas, over a 7 month period (No-
vember 1988 to May 1989). At each site, water-depth,
temperature/oxygen profile (0.50 m intervals; YSI Oxy-
gen electrode), a 0.5 m plankton tow (53 um mesh) and a
surface water sample were collected. Conductivity (Ac-
tivon Conductivity meter), pH (Hanna pH meter) and
total alkalinity (GREENBERG et al. 1985) were measured in
the laboratory less than 4 hours after collection.

Chlorophyll 4 was analysed using a method adapted
from Moran & PoraTh (1980) and Moran (1982). Total
nitrogen and phosphorus were measured after per-
chloric acid digestion using the automated phenate
method (GREENBERG et al. 1985) and the single solution
method (MureHY & Riey 1962) for nitrogen and phos-
phorus respectively. Ammonia and orthophosphate
were measured in filtered water according to GReeNBERG
et al. (1985) and Mureny & Riey (1962).

Three sites were chosen in each area for the collection
of macroinvertebrates. A 1m - 0.5m area of the lake’s
edge was sampled for 20s using a sweep net (250 um
mesh). A corer was used to sample chironomids in the
littoral zone. Nine samples were taken in the control
area and 15 samples in the treated area. Macroinver-
tebrates and zooplankton (>250um) were identified
using available keys and a reference collection held at
Murdoch University.

Results and discussion

Water quality and physical parameters

No changes were recorded in water-depth and
conductivity that could be attributed to the treat-
ment, although conductivity increased as a result
of evapoconcentration occurring in the warmer
summer months. Levels are similar to those re-
corded by Davis et al. (1988) in a study undertaken
at the lake in the summer of 1987/88.
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Fig. 1. Mean values for selected parameters before and after treatment and between the control (untreated) and
treated areas; a) pH, b) chlorophyll-s, ¢) total phosphorus, d) total nitrogen, ) orthophosphate, f) ammonia, g) chiro-
nomid larvae (Polypedilum nubifer) and h) zooplankton (Cyclopoid copepod sp1). (Control ( ®), treated area (O), day
0 is the day of alum application.)
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Dissolved oxygen concentrations at 0.1 m and
05m deep were not significantly different
(P <0.05) between the control and treated areas or
before and after treatment. As no significant dif-
ference was found between control and treated
areas, the enclosure appeared to have little effect
on the natural mixing patterns within the island/
shore channel. GasperiNo et al. (1979) found that
alum treatment had no significant effects on dis-
solved oxygen levels. In contrast Morency & Ber-
Nick (1984) found dissolved oxygen levels declined
markedly, the difference can probably be at-
tributed to the amount of algae removed to the
bottom by the alum floc.

The pH was not significantly different between
areas and before or after treatment (Fig, 1 a). The
alum addition reduced the pH to a minimum of
6.83 in the treated area and 7.13 in the control 2
days after treatment. However after 13 days the
pH had returned to pre-treatment values. The pH
levels, except after treatment were similar to
those found by Davis et al. (1988). The target pH
of 6 was not achieved, probably due to an underes-
timation of lake volume, however an estimated
AV/P molar ratio of 138 (based on peak P levels)
was achieved, indicating that long term P control
should be possible. Although some leakage of
water was observed around the edge of the en-
closure, little alum was believed to have entered
the control. Water exchange between the two
areas may account for the similarity in dissolved
oxygen and pH levels between areas after treat-
ment.

Alkalinity decreased by 42% (148 to 87 mg
CaCO; - 1Y) immediatealy after treatment, but
by day 13 had returned to pretreatment levels.
Similar results were reported by Morency & Betr-
NIck (1984).

In the 8 weeks prior to treatment concentrations
of chlorophyll 2 bad declined from 129 to 26 g -
1-!(Fig. 1b). A similar decline was found by Davis
et al. (1988) in 1987/88. Chlorophyll  concentra-
tions reached a minimum of 9pg - 1-! on day 2,
however by day 13 chlorophyll # returned to a
level of 38 g - 1-'. Secchi depth was closely in-
versely correlated with chlorophyll 2 and in the 8
weeks prior to treatment increased from 0.26 to
0.73 m. A maximum Secchi depth of 1.4 m was re-
corded on day 2, though by day 41 Secchi depth
had decreased to 0.67 m. The improvement in
Secchi depth on day 2 was larger than the equiva-
lent decrease in chlorophyll 2, probably due to
precipitation of seston rather than algae by the
alum.

The greatest effects on nutrient levels were ob-
served 13 days after treatment. Total phosphorus
was significantly (P <0.05) different between
areas and following treatment, however there was
no significance difference in total nitrogen concen-
trations (Figs. 1 c and 1 d). On day 13 total phos-
phorus concentrations were 70% lower in the
treated area (18 ug - 1-!) compared to the control
(58 pg - 1-1). The difference between control and
treated area after day 41 has remained constant at
30%. Orthophosphate and ammonia concentra-
tions were not significantly (P < 0.05) different be-
tween treatment and control but were signif-
icantly different (P <0.05) before and after
treatment. Orthophosphate concentrations by
day 13 were reduced by 90% (compared to pre-
treatment levels) from 26 to 3 ug - 17!, though by
day 125 levels had returned to 28 ug - 1-! (Fig, 1 ¢).
Ammonia concentrations by day 13 had declined
by 65 % from 902 to 389 ug - 1-! and continued to
decrease up to day 125 to 40 ug - 1-! (Fig. 1 ). Gas-
PERINO et al. (1979) found that alum treatment had
little effect on total nitrogen or ammonia. An addi-
tional benefit of the alum dosing is that the selec-
tive removal of phosphorus and not nitrogen
should increase the N/P ratio favouring the
growth of green algae over blue-green algae.

Alum treatment is very effective against in-
organic forms of phosphorus, but poorly binds
organic forms (Francko & Heatn 1981, CoOKE et
al. 1986). Alum additions are therefore recom-
mended in spring when inorganic phosphorus
concentrations are high (Kenneby & Cooke
1982). A spring addition at Jackadder Lake was not
possible, however, the summer treatment reduced
total phosphorus and orthophosphate concentra-
tions, although orthophosphate concentrations
returned to pre-treatment levels. In summer phos-
phorus tends to be organically boundand so the
high rate of removal observed in this study is en-
couraging. GaspErINO et al. (1979) found that fol-
lowing a summer alum application most water
quality improvements occurred during autumn
and winter. The same effect may occur in Jack-
adder Lake where further removal of inorganic
phosphorus during winter should lead to an im-
provement in chlorophyll 2 concentrations. A re-
duction in chlorophyll 2 was necessary to deplete
the algal food resource for chironomids, which
was one of the objectives of this project.

The main change in Jackadder Lakes water qual-
ity was the reduction in total phosphorus, with
the potential for further removal during winter.
All other parameters measured returned to pre-
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treatment levels 5 months after treatment, with
the exception of ammonia concentrations which
have remained very low.

Macroinvertebrates

Zooplankton species richness was not signif-
icantly (P <0.05) affected by the treatment either
before or after treatment or between control and
treatment. No significant difference was found in
the abundance of the 4 dominant zooplankton
groups (2 species of cyclopoid copepods, a cala-
noid copepod and rotifers), between control and
treated areas. On day 13 there was a noticeable de-
crease in numbers of rotifers and cyclopoid sp1.
This corresponds with the findings of SonnicHSEN
(1978) and GiBONS et al. (1984), who found an in-
itial decrease in abundance followed by recovery
in all groups, except cladocerans.

The approximate percentage composition of
chironomid larvae in the benthos is P. nubifer
(85 %), Chironomus grisedorsum (10 %), Procladius
villosomanus (2 %), Chironomus australis (1%) and
rare species (2%). Only P. nubifer and C. grise-
dorsum appeared to show any response to the
alum treatment. Levels of C. grisedorsum which
were similar at the start were reduced in the
treated area compared to the control after treat-
ment, however the difference was not significant
(P <0.05). The numbers of P. nubifer were in-
itially 2—3 times higher in the control than in the
treated area. Numbers dropped in the treated area
by approximately 85% on day 5, this was mir-
rored by an equivalent drop in the control on day
19. In 1987/88, the larval population declined by
74 % in two stages over 41 days (Davis et al. 1988).
A natural decrease in larval numbers occurs at this
time of year probably due to synchronized adult
emergence. The time displacement between the
declines in the control and treated area indicate
that the alum treatment induced a premature de-
cline. Lams & Barrey (1983) found that a chiro-
nomid (a Tanytarsini) suffered no acute effects
from alum addition. It is possible that rather than
the alum being toxic, the chironomids were
stressed prompting an early emergence.

Macroinvertebrate species richness was not
found to differ significantly (P <0.05) before or
after treatment or between control and treated
area. It appears that macroinvertebrates abun-
dances were generally unaffected by the treat-
ment.

The alum treatment appeared to have no long-
term detrimental effects on macroinvertebrates or

1. Lakes. 5. Australasia and Antarctica

zooplankton. Although an initial decline in num-
bers appeared to occur following treatment this
was followed by subsequent recovery.

Conclusions

The treatment of Jackadder Lake with alum appears to
have enhanced water quality with no detrimental effects
on the biota. Total phosphorus concentrations were re-
duced and the onset of winter should bring additional
benefits as it will allow the further binding of phos-
phorus by the alum. At present however the reduction
in total phosphorus has not been sufficient to eliminate
the algal blooms. Unless the algal blooms are reduced
the effects of the treatment on nuisance chironomid
levels will be minor. Monitoring of the lake is contin-
uing to assess long-term effects of the alum treatment.
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