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Phytoplankton can be an unsightly nuisance in garden ponds, but can also cause problems
in larger and utility water bodies, such as taste and odour problems and clogging of 
pumps and filters.  They shade out higher plants and cause overnight depletions in 
dissolved oxygen levels that can threaten fish stocks and other aquatic life. As European 
legislation begins to threaten the future of the use of herbicides and algicides in 
freshwater systems, the need for novel non-chemical control methods grows. For this 
reason a trial was set up at CAPM to test the comparative effectiveness of some of these 
treatments, using outdoor microcosms.

Methods

The trial was set up outdoors at the CAPM, using 1454L circular fibreglass tanks filled to 
a depth of 38cm with borehole water to which 25kg of loam was added.  10g of 
Osmocote slow release fertilizer was also added on day 28 of the trial. Four replicate 
tanks each of five treatments and pumped and non-pumped controls (Table 4) were set up 
(28 tanks in all) in a randomised block design. The tanks were filled and left to establish 
for 14 days before treatments commenced. Treatment was started in July 2003, and 3 
replicate chlorophyll extractions were performed from samples taken from each tank on 
day 0 (before treatment) and every 28 days subsequent to this for a 6 month period, the 
last occurring on day 168 in January 2004.

Water levels in the tanks and rainfall measurements were noted down at these times, and 
water samples taken and preserved for future measurement and comparison of the 
speciation of the algal populations. The water levels in the tanks were allowed to 
fluctuate naturally for most of the trial, but were topped up on two occasions when long 
dry spells caused the levels to drop until they threatened to expose the pumps.

One LG sonic unit was removed from the experiment after day 28 of the trial due to 
sponsor intervention, and this replicate tank was therefore removed from the analysis of 
the results subsequent to this sampling date.
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Table 4.Description of treatment methods tested.

Treatment Description
Control No treatment
Control Pump Water pumped using recirculating pump
LG Sonic Ultrasonic device. Non pumped
Bacteria Commercial pond ªbalancingº bran and bacteria formulation. Non 

pumped.
Barley Straw Addition of organic barley straw, according to CAPM guidelines (CAPM 

info sheet 3) Non pumped
Aquavantage Electromagnet treatment. Pumped using recirculating pump
Ecoflow Fixed magnet (non electro) treatment. Pumped using recirculating pump.

Results and Discussion 

Visually, none of the treatments appeared to treat the algae growth to a level at which the 
consumer might expect or desire. Although differences could be discerned in the level of 
algae, some replicate tanks in all treatments remained turbid, green, and ªpea-soupishº.
The only tanks that appeared to clear to a desired level were found on closer inspection to 
be infested with high population levels of the water flea Daphnia,which feeds on 
planktonic algae (this external factor is discussed under Problems and Further Work.)
However, some trends in the level of algae populations over the six months of the trial, 
and possible effects of the treatments was seen in the results of the monthly chlorophyll 
analysis (figure 1.). 

The graph shows that the largest differences in algae levels were seen between the 
pumped tanks (control pump, Aquavantage, and Ecoflow) and non-pumped tanks 
(control, barley straw, LG sonic and bacteria), with the pumping of tanks increasing the 
levels of algae detected.

Overall the barley straw and pumped control treatments followed much the same pattern 
of growth and decline as the controls. However the pumped control showed a much
higher level of algae at day 0 than these other two treatments, presumably due to a greater 
rate of growth of algae during the establishment period. 

The two magnetic treatments Aquavantage and Ecoflow both show a higher rate of algal 
growth between day 0 and day 28 than that seen in the pumped control, to which their 
conditions are comparable.  Though showing the highest growth at day 28, the algal 
populations in the Ecoflow treatment then drop and mimic the pattern shown by the 
controls. The levels in the Aquavantage treatment, although not rising as high as those in 
the Ecoflow tanks by day 28, and dropping by day 56, then appear to rise for the 
following 2 months, against the pattern of all other treatments.
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The algae levels in the bacteria treatments seemed to drop up until day 56, and remained
fairly stable for the remainder of the trial.  The levels of algae in the LG sonic treatment
appeared to stay at a relatively similar level for the duration of the trial.

Therefore looking at these patterns, it appears that pumping the tanks causes a higher 
level of algae, and that magnetic treatments may stimulate algal growth.  Barley Straw 
appeared to have no effect, the algal levels in this treatment staying very similar to the
control throughout, while the LG sonic and bacteria treatments have some inhibitory 
effect on algal growth.

Figure 1. Graph showing change in chlorophyll over time under different treatment conditions.

However the variation in algal levels between replicate tanks was huge and analysis of 
the results using ANOVA found that no significant differences (p<0.5) could be detected 
between any of the treatments at any of the sampling dates, or over the overall trial period 
(i.e. taking out time as a factor). 
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Therefore it must be presumed that the treatments tested had no significant effect on the 
growth of algae, and any patterns of control or stimulation of algal growth seen in the 
results of the trial cannot be considered scientifically valid.  There are a number of 
problems and external factors that were observed during the experiment that could 
account for this, and these together with possible further work to overcome them are 
discussed below.

Problems and Further Work 

Inter-tank variability and increased replication.

The greatest problem encountered during this trial was the variability of algal growth 
between replicate tanks. In a trial this size it is practically impossible to ensure uniformity
of algal numbers between tanks at the beginning of the trial. The therefore inevitable 
small differences in algal levels are then exacerbated by the exponential growth pattern of 
these single-celled organisms, which cause the differences in levels seen at the beginning 
of the trial to increase rapidly as the trial progresses.

This problem with inter-tank variability could be solved by increasing the number of
replicate tanks used. However, the level of variability seen in this trial suggests that this 
increase would have to be dramatic. This in turn would mean a huge increase in the level 
of resources needed for the experiment, in terms of both equipment (e.g. tanks and 
treatment devices), facilities (such as space and electricity supplies) and staff time.

This experiment using only 4 replicate tanks for each treatment did indeed stretch the 
resources of the CAPM to the full in terms of electricity supplies to tanks, and staff time
needed to process chlorophyll samples from all ponds within a limited time period. 
Therefore, increasing the number of replicates for this particular experimental set up to 
the level needed may not be a feasible solution. 

Daphnia

The appearance of populations of the water flea Daphnia in random tanks hugely 
exacerbated the problem of inter-tank variation.  Once established in a tank, the Daphnia
cleared the water remarkably quickly, and far more effectively than any of the treatments
did! This phenomenon cannot be controlled under the conditions of this experiment, and 
the only way to lessen the effect on the variability it caused is to again increase the 
replicates. As discussed above this may not be feasible.

One way to ensure that this problem does not occur is to scale the experiment right down 
to a laboratory trial, and use sterile cultures in controlled conditions.
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However, the results of such experiments often do not extrapolate well to results in the 
field, and further problems can arise from using very small quantities of treatment agents 
which might not have consistent qualities. This is especially a problem with ªnaturalº
treatments such as bran and bacteria mixes, and barley straw, as they may not contain 
even amounts of active ingredient.  Other treatments may simply be impossible to scale 
down to this level, such as the electronic LG sonic treatment units, or pumped magnetic
treatments used in this experiment.

One possible solution to the problem caused by Daphnia is to measure the levels of
Daphnia in the tanks, and treat it as a co-variant factor to the treatments during the 
statistical analysis of the results, thus removing the effects caused by the Daphniawhen
assessing any differences seen between treatments. However, again this would require a 
much greater input of resources in terms of staff time in order to collect water samples
and perform counts of Daphnia numbers from every pond at every sampling time.

Other
Further work is possible using the samples and data collected from this experiment.
Water samples taken and preserved at each sampling date could be analysed to study any 
changes in the species makeup of the algal populations under the different treatments.
Further statistical analysis and modelling could be applied to the chlorophyll data 
collected to try to minimise the effect of the variation caused by Daphnia infestations, in 
order to better detect any possible significant differences in algal growth between 
treatments. However, due to the huge inter-tank variation seen in the results and the lack 
of staged measurements of Daphnia populations, these further analyses would probably 
be of limited use and may not be deemed worthwhile.

THE EFFECTS OF ULTRASOUND ON ALGAE 

Given the success of the ultrasound treatment in the ponds, the CAPM were asked to 
investigate the mode of action of ultrasound on algae. The following light micrograph
pictures of Selenastrumwere taken form algal samples exposed to ultrasound for 8 
weeks. The pictures of Spirogyra were taken over a three week period form a tank 
experiment undertaken in controlled conditions in the glasshouse.

The mode of action appears to be by disruption of the connections between the 
plasmalemma and the algal cell walls. This causes loss of membrane integrity, probable 
leakage of cytoplasm and a collapse of the cell into a dense brown mass. The cells remain
buoyant for at least 4-5 weeks after.   This is a result of  exposure, although they are no 
longer viable. 
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The picture above shows healthy Spirogyra, with cells full of cytoplasm, and the 
characteristic spiralling chloroplasts. The algae was sourced from a tank at the CAPM in 
Sonning and had been healthy for at least 5 years. This picture was taken after only 7 
days exposure to ultrasound. Already the plasmalemma is coming away form the cell 
wall, and the cells have shrunk. There is increased granulation of the cytoplasm,
indicating loss of chloroplast structure, and loss of connectivity with other cells and the 
external environment.
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This picture was taken after 14 days exposure. 
The cells have continued to shrink, with some
forming denser circular brown agglomerations in 
the centre of the cell. There is some evidence of 
cytoplasm leakage from the cells, indicating 
further damage to the cell walls.

The picture on the right was taken after 21 days, 
and shows complete breakdown of cell structure.
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The damage to the cell structure is correlated with a decrease in the chlorophyll a
concentration in the treated tanks. In contrast, in the control tank, chlorophyll a continues 
to increase. This can be seen clearly in the graph on the left.

In the 28 day regrowth experiment, the chlorophyll concentration continued to increase 
from Day 1. However, the increase in the LG sonic treated Spirogyrawas significantly 
less than in the control treatment. This indicates significant structural damage is 
associated with cell death in Spirogyra.   In summary, exposure of Spirogyra and 
Scenedesmus to ultrasound waves causes irreversible structural damage to the cells, loss 
of chlorophyll and loss of viability. 
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