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1. Introduction
Clatto Reservoir (CR) is located on the north west outskirts of Dundee (56°30’ N 3°01’4 W). It
is a popular recreational reservoir, used for various educational activities by Ancrum Outdoor
Educational Center (AOEC), which was formerly used to supply water to the city of Dundee.
In recent years the reservoir has not been used for water supply, but it can still be used for
this purpose in case of an emergency. The reservoir covers a total area of approximately 9
ha and has a maximum depth of 7 m. The depth generally increases from east to west. The
mean depth is estimated to be around 4 m and the total water volume around 350 000 m³.
In recent years the lake has experienced large cyanobacterial blooms and has been
frequently closed to recreational users. Testing undertaken by the Scottish Environment
Protection Agency (SEPA) in August 2008 showed high concentrations of various species of
blue green algae (including Gloeotrichia, Coelosphaerium, Microcystis and Anabaena) with
concentrations at the various sampling sites ranging between 50,000 to 129,000 cells/ml,
which is well above the World Health Organization (WHO) guidelines of 20,000 cells/ml. Due
to the potential for the reoccurrence of such blooms, which can pose a serious hazard to
animal and human health, the Managers of CR were eager to identify and implement
measures that would reduce concentrations of blue green algae.
There is some uncertainty in relation to the origins of the high phosphorus loads in CR as the
reservoir is located near the top of a hill and there are no major streams flowing into the
reservoir. There are however a number of possible sources of phosphorus which could
potentially have contributed phosphorus to the reservoir in recent years.
One possible source could be overflow water which may have entered the reservoir in
previous years from the adjacent water treatment works. Although the managers of AOEC
advise that no overflow water currently enters CR, it is possible that this was not always the
case. In the past, phosphate based agents have been commonly used in potable water
treatment to prevent lead leaching and instances of overflow water containing TP levels of up
to 0.6 mg / L have been reported in other regions of the UK.
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An additional source of phosphorus is likely to be an underground inflow from upstream
reservoirs which has been used in the past to flush or top up CR. These upstream source
waters are reported to be high in phosphorus concentrations and these flushing events may
therefore have also contributed to the phosphorus load in CR.
The lake’s bird population is another likely source. Between 30 and 150 water birds (gulls,
ducks and several pairs of swans) reside on the water. Although it is difficult to accurately
quantify their contribution to the lakes phosphorus load, they are nonetheless an additional
source of phosphorus.
Finally, the addition of barley straw to the reservoir (as an algal control measure) would also
be a contributor of phosphorus. Although most of the barley straw bales were removed from
the lake prior to the application of Phoslock, most bales were in a decomposed state when
removed, indicating that additional nutrients had been released into the reservoir during the
decomposition.
As all of these potential sources of phosphorus are now reported to have been eliminated
(with the exception of the bird population) and as CR does not have any natural outflow (the
water offtake tower in the reservoir is currently disused), any phosphorus entering the
reservoir from any of the above sources will essentially be trapped in the reservoir. As a
result, it can be assumed that at the time of the application the sediment phosphorus load at
CR was the main source of phosphorus.
In order to reduce this internal phosphorus load, an application of 24 MT of Phoslock® was
undertaken on CR on 4th and 5th March 2009. It was originally planned to undertake the
Phoslock® application in late autumn or winter, however the application took place at the
beginning of March, after the lake thawed, as a CAR License from SEPA needed to be
obtained before the application took place. The reservoir was sampled for water chemistry
and algal content prior to and after the application. The raw data is contained in Appendix 1
and the interpretation is presented in the following sections of this report. Appendix 2
contains information about the application of Phoslock® to Clatto Reservoir, while Appendix 3
is the SEPA Terms and Conditions relating to the use of the data provided by SEPA and
referred to in this report.

2. Pre and Post-treatment sampling, testing, analysis of results
2.1. Sampling
Two samples were taken by Phoslock Europe GmbH prior to the Phoslock® application
(4/9/08 and 30/10/08) and dose rate calculations were based on both (sediment samples
taken in the second round of sampling produced a higher P concentration as the sample was
taken from the deepest point). Samples collected during the site visit on the 4th September
2008 were taken from:



The sediment (to the left of the jetty near the Education Centre, see also Figure 2:
sampling point A);
The water column (at 1 m depth at the same location as above);

2

Summary Report – Dr Sarah Groves, Phoslock Pty Ltd 10/11/09
A second set of water column and sediment samples were taken from Sampling Point B
(near the deepest point) on a second site visit on 30 October 2008.

Sampling point B
beach
Sampling point A

Islands

jetty

N

Figure 2: Schematic representation of CR with indication of sampling points.
The samples were analyzed on site and at the Institut Dr Nowak laboratories in Germany for
a range of water quality parameters, including total and soluble nutrients, chlorophyll a, total
organic carbon (TOC), dissolved organic carbon (DOC), pH, conductivity and dissolved
oxygen. The total load of bio-available and potentially bio-available phosphorus in the water
column and sediments was calculated (see Section 3 below) and then used to calculate the
dosage of Phoslock® that would be required to reduce this load to at least mesotrophic levels
(< 35 micrograms / L) which could be expected to reduce the likelihood of a reoccurrence of
major blue green algal blooms.
After the application of Phoslock®, the following samples were collected at Sampling Point B
(see Figure 2) and analysed at the IDN laboratories
1. water samples from 1m and 4m depth at the on 5 occasions (19/3/09, 20/4/09,
22/5/09, 19/7/09 and 10/8/09).
2. sediment samples on the 10/8/09.
Water samples were taken using a peristaltic pump and air freighted cool in plastic or glass
jars by an overnight service to the Institut Dr Nowak laboratories in Germany. Samples for
soluble nutrients were filtered on site (with 0.45µm filters). Samples were collected by staff
from Phoslock Europe GmbH on two occasions and by staff from the Centre for Ecology and
Hydrology on three occasions.
The complete results of the analyses of these samples are provided in Appendix 1.
Representatives of the Scottish Environment Protection Agency (SEPA) also collected
samples (on the following dates 11/06/2009, 23/06/2009, 7/07/2009, 21/07/2009, 4/08/2009,
18/08/2009) and measured algal cell counts. This data, along with historical algal data
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(collected twice a month between mid June and the beginning of November in 2007 and
2008), was also provided to Phoslock Europe for use in this project.
The interpretation of the results from the collected samples is presented in the following
section.

2.2. Analysis of results
2.2.1. Phosphorus concentrations
Data collected prior to the application of Phoslock® showed that as for most water bodies, the
sediment in Clatto Reservoir contained a significantly larger pool of phosphorus (P) than the
water column, with a concentration of 730 mg P per kg dry weight. The characteristics (ratio
of measured elements such as Fe, Al and Ca) of the sediment sample taken before the
treatment suggested that of this load, 40% would be releasable P. It was assumed that the
top 4 cm of the sediment would interact with the water column and be a potential source of
releasable P. This assumption was based on experiences from lakes with comparable
sediments in other countries.
The total P concentration in the water column was relatively high with 0.079 mg P/L of which
most was present as (algal) biomass at the time of sampling (shown by the low orthophosphate concentration).
The inflow wasn’t quantified therefore it was not possible to accurately estimate the
contribution in P from this source. Based on the information provided, however, an
assumption was made that the current contribution from precipitation and water birds was
relatively insignificant compared to the internal loadings.
Data collected prior to and after the application of Phoslock ® at a depth of 1m and 4m in the
reservoir are presented in Figures 3 & 4. These figures clearly show a maintenance of low
TP concentrations after the application of Phoslock®. Soluble Reactive Phosphorus (SRP)
and TP concentrations at 1m did not exceed 10 µg l-1 (detection limit) and 35 µg l-1
respectively following the application. Although TP and SRP concentrations were relatively
low at the time of the application (indicating that most of the phosphorus pool in the reservoir
was already in the sediment), it is important to note that high concentrations of TP
(comparable to those measured in September and October 2008) were not observed after
the application of Phoslock during summer 2009.
The phosphorus concentrations at 4 m depth show more variation, probably due to influence
from wind induced sediment resuspension or bioturbation. This hypothesis is based on the
increased concentrations of lanthanum (indicating a resuspension of Phoslock particles), iron
and aluminium (typical components of sediment particles) concentrations in the samples
taken in both May and August (see Appendix 1, Table 2). The presence of these elements
also suggests that the majority of the phosphorus in these samples is present in a non
bioavailable form and therefore doesn’t contribute to the available nutrient pool for the (blue
green) algae.
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Figure 3: Concentration of total phosphorus measured from samples taken at 1m depth in
CR before and after the application of Phoslock®. (Limit of detection was 0.01, PO4-P
concentrations were lower than this limit at all times).
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Figure 4: Concentration of total phosphorus measured from samples taken at 4m depth in
CR before and after the application of Phoslock®.(Limit of detection was 0.01 mg P/L, for
PO4-P this value was exceeded only at the last sampling date presented ).

2.2.2. Algal concentrations
The cyanobacterial data displayed in Figure 5 (compiled by the Centre for Ecology and
Hydrology Edinburgh (CEH) and based on the SEPA data) show that after the Phoslock®
application and since the collection of data was reinitiated on the 11th June 2009, cell counts
have been very low (an average of 300 cells/mL at all 3 sites). This is a clear shift when
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comparing the data to previous years when algal cell counts were generally high during
summer. BGA cell counts regularly exceeded the WHO guidelines of 20,000 cells/mL. After
the application; there was only one occasion where the cell count exceeded this guideline.
The average concentration of cells in the reservoir at all sites monitored after the application
of Phoslock® was approximately 500 cells/mL.

Figure 5: Summary of all SEPA data from all sample locations showing the Total BGA
concentration before and after the application of Phoslock®. Note the significant decrease
after the application of Phoslock® (modified figure supplied to PWS by the CEH).

2.2.3. Nitrate and lanthanum concentrations
Figures 6 & 7 show the concentrations of lanthanum (La) and nitrate (NO3) significantly
decreasing after the application of Phoslock®. There is a peak in the concentration of La
directly after the Phoslock® application (and the data suggests that when the sample was
taken, the Phoslock® was still suspended in the water column at approximately 1m as there
is a difference in the concentration between the 1m and the 4 m sample). As expected, there
was a sharp reduction in the concentration of La from settling of the Phoslock® particles over
time. Without further algal data, a conclusion for the significant reduction in the concentration
of nitrate cannot be confirmed, however it is likely (and following trends in the cyanobacterial
data) that the reduction in nitrate is caused by a decrease in nitrogen fixation by (the fewer
number of) blue green algae and a largly unaffected population of denitrifying bacteria.
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Figure 6: Concentration of nitrate and lanthanum measured from samples taken at 1m depth
in the CR before and after the application of Phoslock®.

Figure 7: Concentration of nitrate and lanthanum measured from samples taken at 4m depth
in the CR before and after the application of Phoslock®.
7

Summary Report – Dr Sarah Groves, Phoslock Pty Ltd 10/11/09

3. Outcomes and Conclusions
The aim of the Phoslock® application to Clatto Reservoir was to remove the immediately bioavailable and potentially bio-available phosphorus from both the water column and
sediments. Data from the water column indicates that phosphorus concentrations were
reduced for the six months following the application. Algal data provided by SEPA before
and after the application also suggests that there has been a significant reduction in the
concentration of cyanobacteria in the reservoir. .
Based on the available data, we believe that the application of Phoslock® to Clatto Reservoir
has been an effective nutrient management strategy that has significantly reduced the
concentration of bio-available phosphorus in the lake as well as the concentration of
cyanobacteria.

4. Further monitoring and follow up
At the time of completion of this report, water samples had been collected from the reservoir
for a period of 6 months and algal samples collected for 7 months after the application of
Phoslock®. The water chemistry (IDN) and cyanobacterial cell counts (SEPA) will be
monitored in the future. This information will assist in further understanding the reservoir and
determining when the next application of Phoslock® is required as part of the on-going
management strategy for Clatto Reservoir. A final report on the application will be prepared
by Phoslock Europe after 12 months of data are available.
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Appendix 1
Table 1: IDN results for water column samples at 1m collected from Clatto Reservoir before the Phoslock® application on 4th September 2008
and after the application.
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Table 2: IDN results for water column samples at 4m collected from Clatto Reservoir after the Phoslock ® application.
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Table 3: IDN results for sediment samples collected from Clatto Reservoir before and after
the Phoslock® application.
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Appendix 2

Application Report Clatto Reservoir
March 2009
Summary
24 tonnes Phoslock were applied over 2 days (4-5/03) at Clatto Reservoir. The product was mixed
with site water using the modified MD1.5 mounted on 2 conjoined pontoons. The resulting slurry
was sprayed onto the water by a spray boom.

Storage of
Phoslock
beach

Application pattern

Islands

N

Set up: 3rd of March
Product, pontoons and telescopic loader arrived on
the morning of the 3rd. Pallets were unloaded near the
beach area at the north west side of the reservoir.
They were stored first on the elevated area, but later
moved to the beach.
Pontoons were unloaded and directly placed in the
water where they were joined and fitted with an 15
kg, 2 stroke outboard engine (on loan from Ancrum
Outdoor Education Centre, AOEC). Final modifications
to the MD1.5 were made at a local blacksmith after
12

Summary Report – Dr Sarah Groves, Phoslock Pty Ltd 10/11/09
which it was placed on the pontoons. Connections (tubes, hoses, etc) were customized to connect
MD1.5 with spray boom and pumps.
Weather conditions were: cold and cloudy with occasional rain & snow showers.

First application day: 4th of March
On the morning of the 4th the water was sampled and
analysed before Phoslock was applied. The
application started around 13h00 and work stopped
at 18h00 as it was getting dark. By then 10 tonnes of
Phoslock had been administered to the northern half
of the reservoir.
Product was loaded onto the pontoon at the beach
area. Pallets were lifted by the telescopic loader and
placed on the pontoon, which was held in place
manually. Two tonnes were loaded per tour.
On the first tour, the product was sprayed near the
shores of the reservoir - at a distance of approximately
3m from the edge and from the islands. As the area near
the beach was rather shallow, a distance of at least 6 m
was kept.
On the next four tours a systematic pattern was followed
to assure an even application as indicated in the
schematic drawing. The pontoon was navigated parallel
to the northern shoreline starting near the northern
shoreline and each tour covering an area more towards the south. To administer more in the deeper
eastern part of the lake, a short run (returning to the beach) was included on every tour.
Overnight the pontoon was kept (loaded with 2 tonnes Phoslock) on the water behind the islands to
prevent theft or vandalism of components.
Weather conditions were: clear but cold, although it got relatively warm in the sun during the
afternoon.

Second (and final) application day: 5th of March
Overnight it had been freezing and therefore pumps and hoses had to be cleaned and unfrozen by
some hot water. This caused a delay in the start of the application however by 11h30 the application
recommenced. The same systematic pattern as the previous day was followed for the next 5 tours,
covering the middle and southern part of the reservoir. On the 6th tour two tonnes were sprayed only
near the eastern shore in parallel lines with this shoreline (perpendicular to the previous runs). The
7th and final tour went along parts that might have been under dosed in the western half of the
reservoir, around and in between the islands.
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Weather conditions were the same as on the 4th with clear but cold weather. More clouds came in in
the afternoon.

Clean up: 6th of March
The morning of the 6th was used to disassemble the pontoons and the equipment (MD1.5 etc) and
load everything on the truck. People from AOEC took care of disposal of empty bags and pallets.
Everything was finished by 12h00.
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Appendix 3 – Terms and Conditions relating to use of SEPA Data
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