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LOWESWATER: 

WATER QUALITY MONITORING 2014 
 

SUMMARY 

 

Loweswater, one of the smaller and more picturesque lakes in the English Lake District, was 

once an excellent brown trout (Salmo trutta) fishery, but with the impact of agricultural 

practices and domestic input from the catchment over many years the water quality has 

declined and the lake has suffered seasonal blooms of potentially toxic blue-green algae, 

greatly diminished fish populations and a proliferation of phantom midge larvae (Chaoborus) 

in open water. 

 

During 2014, the water quality of the lake and feeder streams was monitored through 

evaluation of chemical data on water samples taken on a monthly basis and by enumeration 

and identification of the lake’s phytoplankton populations, also on a monthly basis, and the 

results were compared to data gathered in 2013, when the lake’s trophic status was classified 

as mesotrophic. 

 

The results of the 2014 monitoring programme indicate that Loweswater should continue to 

be classified as mesotrophic under the OECD scheme.  Under the Water Framework 

Directive, the lake is classified by the EA as of ‘Moderate’ overall status, but the assessment 

in this report classifies Total Phosphate and Phytoplankton Chlorophyll a as of ‘Good’ status.  

In addition, the results of the continuation of a trial on the use of ultra-sound to reduce blue-

green algal populations in Loweswater showed that it had no effect.  
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1. INTRODUCTION 

 

Background 

Loweswater is a small lake of 0.64 km2, which lies within the north-west boundary of the 

Lake District National Park, 3º 21' W and 54º 35' N. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1. Location of Loweswater (reproduced from Ordnance Survey map OL4).  
 

The Loweswater catchment area includes 371 ha of open fells, 273 ha of in-bye land 

(grassland) and 130 ha of woodland.  The lake has a maximum depth of 16 metres and a 

volume of 5.4 million cubic metres1 of water, a long retention time (or residence time) with a 

mean of 199 days, and is the thirteenth largest of the Lake District lakes (Fryer, 1991).  There 

are several inflow streams to the lake, the four main ones being Dub Beck at the northern end 

of the lake, Holme Beck and Black Beck on the western side, and Crabtree Beck on the 

eastern side.  There is one outflow, also named Dub Beck, which flows into Park Beck and 

then into the north end of Crummock Water close to that lake’s outflow, the River Cocker. 

 

Water quality 

A comprehensive review of the chemical data from surveys, carried out since 1984, showed 

that over the 20 years since 1984 concentrations of total phosphorus (TP) in Loweswater 

increased and that over fifteen years phytoplankton chlorophyll a levels (a quantitative 

                                                 
1 One cubic metre is approximately 220 gallons. 
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measure of the amount of algae in the water) rose, with the result that the lake’s trophic status 

was classified as ‘close to the mesotrophic-eutrophic boundary’ (see Report number 001-

LCP-WCRT, 2011). 

 

One clear indicator of deteriorating water quality has been the regular incidence of potentially 

toxic blue-green algal (cyanobacterial) blooms on the lake, and the decline in the lake’s water 

quality has also brought about other changes to the aquatic community, including greatly 

diminished fish populations (Shaw, 2009) and a proliferation of phantom midge larvae 

(Chaoborus) in open water, possibly competing with the fish for available food (Winfield, 

2008). 

 

During 2011, 2012, 2013 and 2014, the lake’s water quality was monitored through 

evaluation of the Environment Agency’s chemical data on water samples taken on a monthly 

basis and by enumeration and identification of the lake’s phytoplankton populations, also on a 

monthly basis.  In addition, in 2012, 2013 and 2014 the water quality of Dub Beck at 

Waterend was also monitored through evaluation of water samples taken regularly through 

the year; further, in 2013 and in 2014, Black Beck, Holme Becks, High Nook Beck, Crabtree 

Beck and Dub beck and its tributaries were also monitored by WCRT.   

 

The EU Water Framework Directive includes phytoplankton as an important element to be 

used in the assessment of the ecological status of a lake; its ecological significance is 

determined by the fact that its productivity indicators are also indicators of the trophic status 

of water bodies (Cheshmedjiev et al., 2010; Pasztaleniec and Poniewozik, 2010).  The results 

of the water quality monitoring programmes of Loweswater for 2011, 2012 and 2013 

indicated that the lake should be classified as mesotrophic, an improvement on previous 

years, but that, under the Water Framework Directive, the lake was classified by the EA as of 

‘Moderate’ overall status (see Report Numbers 001-LCP-WCRT, 2011; 002-LCP-WCRT, 

2012 and 003-LCP-WCRT, 2013). 
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The purpose of this document is to: 

 

• Report the results of the water quality monitoring programme of Loweswater in 2014 

and compare them with those of 2013. 

 

• Using the results of the 2014 water quality monitoring programme, determine the 

trophic status of the Loweswater using OECD guidelines and determine the lake’s 

ecological status under the EU Water Framework Directive. 

 

• Report on the effectiveness of using ultra-sound as a means of reducing blue-green 

algal populations in Loweswater.  
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2. METHODS 

2. 1 Sample collection  

Lake 

Using a small electrically powered dinghy, staff from Environment Agency collected five-

metre integrated mid-lake water samples from Loweswater on a monthly basis.  The samples 

were stored in one-litre plastic containers and labelled with the sample number and date.  On 

each occasion, one litre of water was retained by the Environment Agency for analysis at 

their Starcross Laboratory in Exeter, Devon and another litre given to the author for 

subsequent processing for enumeration and identification of algal populations.  

 

Dub Beck – inflow and outflow 

On the same occasions that samples were taken from the lake, one litre samples were also 

collected from Dub Beck inflow and outflow and retained by the Environment Agency for 

analysis at their Starcross Laboratory in Exeter, Devon, as follows: 

 

Inflow 

Dub Beck (one of the main inflows to the lake) at Waterend near the footbridge at NY 1170 

2245. 

 

Outflow 

Dub Beck at Maggies Bridge (NY 134 210) and at point nearer the lake at NY 132 212. 

 

2.2 Water quality monitoring 

 

Lake 

Environment Agency Sampling 

At the point of sampling, the Environment Agency measured water transparency with the aid 

of a Secchi disc.  The black and white painted metal disc, 30 cm in diameter, was lowered 

into the water and the depth at which it disappeared from view noted from the calibrated 

rope.  Also, using a YSI Professional Plus handheld multiparameter meter, they measured the 

Water temperature, pH, Oxygen concentration and Conductivity (all measurements at a depth 

of 25 - 30 cm).  In addition, the Starcross Laboratory analysed each water sample for a wide 
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range of variables, including: Alkalinity, Total Phosphorus, Soluble Reactive Phosphorus, 

Chlorophyll a, and Total Nitrogen. 

 

YSI Sonde 

In July 2013, WCRT deployed a YSI EXO2 multiparameter water quality Sonde in 

Loweswater, attached to one of the rafts (see section 2.3).  The Sonde monitored 

continuously and recorded at half hour intervals data on water temperature, conductivity, pH, 

dissolved oxygen, chlorophyll, blue-green algae (BGA) and turbidity.  These data were 

relayed by telemetry to a web-site, where they could be viewed as continuous traces and in 

table form that could be downloaded as Microsoft Excel files. 

 

Dub Beck – inflow and outflow 

At the points of sampling, using a YSI Professional Plus handheld multiparameter meter, 

staff of the Environment Agency, measured the Water temperature, pH, Oxygen 

concentration and Conductivity.  In addition, as for the lake, the Starcross Laboratory 

analysed each water sample for a wide range of variables, including: Alkalinity, Total 

Phosphorus, Soluble Reactive Phosphorus, Chlorophyll a, and Total Nitrogen. 

 

Other Becks 

In addition to the monitoring work carried out by the Environment Agency on Dub Beck 

inflow and outflow, WCRT monitored Black Beck, Holme Becks, High Nook Beck, Crabtree 

Beck and Dub beck and its tributaries. 

As in 2013, the becks were monitored using a YSI Professional Plus meter fitted with pH, 

temperature, conductivity and dissolved oxygen (DO) sensors and using a WTW model 430T 

turbidity meter.  Conductivity values are reported normalised to 25oC (specific conductivity) 

and DO as % saturation levels at the prevailing temperature and pressure.  The pH and 

conductivity/temperature sensors are the same types as on the EXO2 Sonde, but the DO and 

turbidity sensors are different.  The YSI Professional Plus meter has a traditional 

polarographic DO probe, whereas the DO sensor on the EXO2 is an optical sensor.  The 

WTW turbidity meter has a tungsten light source measuring turbidities as Nephelometric 

Turbidity units (NTU), but the EXO2 has an infra-red light source measuring turbidities as 

Formazin Nephelometric units (FNU).  Both use the same calibration solution and, for all 

practical purposes, the units are identical.  Both meters were calibrated in accordance with 
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their manuals and the DO sensor was always calibrated just prior to use (i.e. at the prevailing 

atmospheric pressure).  Samples were taken over the complete year on a roughly monthly 

basis with 11 samples for most locations.  In comparing data for 2013 and 2014, it should be 

noted that the 2013 data were only for the second half of the year, so are not strictly 

comparable. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Monitoring locations round Loweswater. 

 

2.3 Phytoplankton identification and enumeration 

As mentioned in the introduction to this report, the EU Water Framework Directive includes 

phytoplankton as an important element to be used in the assessment of the ecological status 

of a lake.  Over the last 25 years Loweswater has suffered seasonal blooms of potentially 

toxic blue-green algae (cyanobacteria) and so on 30 June 2013, as a trial and significant part 

of the Loweswater Care Programme, WRCT commissioned EnviroSonic to deploy two rafts 

on Loweswater, each with ultra-sound equipment calibrated at frequencies designed to reduce 

blue-green algal populations (see Figure 2.2).   
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The regular (monthly) identification and enumeration of Loweswater phytoplankton, 

particularly cyanobacterial populations, is an important element of the current water quality 

monitoring programme and key in helping to determine the effectiveness of any intervention 

such as ultra-sound.  

 

Figure 2.2. One of the two rafts deployed on Loweswater; the solar panel generates power 
for the ultrasound equipment and charges a battery for reserve power.    

 

Preserving water samples 

Lugol’s iodine solution2 was added to the water samples at the rate of 4 - 5ml / litre in order 

to preserve the algae and increase their rate of sedimentation during subsequent processing. 

 

Concentrating samples  

Sub samples of 300 ml of the iodine-preserved water samples were concentrated to 5 ml (i.e. a 

factor of x60) by a two-stage sedimentation procedure, in order to make counts more 

practicable.  
                                                 
2  A solution of potassium iodide and iodine in distilled water with the addition of acetic acid. 
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Microscopy 

Each concentrated 5ml sample was mixed well and a known volume transferred to a Lund 

counting chamber and the algae were identified and counted microscopically.  The algae were 

viewed under phase contrast and / or darkfield illumination at magnifications of x125 or x500 

and 100 random fields were evaluated for each water sample.  All counts were made at x125 

magnification and recorded on data sheets. 

 

 

2.4 Algal bloom monitoring 

During the year, local residents and frequent visitors to Loweswater were encouraged to 

record and report on their observations on the occurrence, extent and severity of algal blooms 

in the lake. 
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3. RESULTS 

3.1 Water quality monitoring – Loweswater 

The Environment Agency (EA) data for 2014 and the 2014 Sonde data (where applicable) are 

plotted with the EA data for 2013 for comparison. 

 

Alkalinity and pH 

Alkalinity (acid buffering capacity) varied between 168 μeq / L in March and 232 μeq / L in 

September (see Figure 3.1), with an annual mean of 199 μeq / L compared with 224 μeq / L 

in 2013. 

Figure 3.1. Seasonal changes in Alkalinity in Loweswater, 2014 and 2013. 
 

Alkalinity is important to how the lake is classified under the EU Water Framework Directive 

(WFD); together with the mean depth of the lake (Loweswater is classified as shallow) and 

its altitude, the alkalinity is used in calculating the boundary levels for Total Phosphorus and 

Phytoplankton Chlorophyll a (see section 4). 

 

The lowest pH recorded was in March at pH 6.8 (Sonde pH 6.8 in January) and the highest in 

June at pH 8.1 (Sonde pH 8.9 in May), see Figure 3.2; the annual mean value was pH 7.2 

compared with pH 7.5 in 2013.   
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Figure 3.2. Seasonal variation in pH values in Loweswater, 2014 and 2013. 

 

Water temperature 

The lowest surface water temperature recorded was in February at 4.7 °C (Sonde 4.6 °C) and 

the highest in July at 21.4 °C (Sonde 21.3 °C) (see Figure 3.3), with an annual mean of  

11.7 °C compared to 10.4 °C in 2013. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.3.   Seasonal variation in surface water temperature 
in Loweswater, 2014 and 2013. 
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Conductivity 

 

 

 

 

 

 

 

 

Figure 3.4. Seasonal changes in specific conductivity in Loweswater, 2014 and 2013. 

 
Specific conductivity, a measure of the water’s ionic activity and content, expressed as micro 

Siemens per centimetre (µS / cm), ranged from 74 µS / cm in January to 78 µS / cm in June 

(see Figure 3.4), with an annual mean of 76 µS / cm, higher than the annual mean of 2013 at 

66 µS / cm.  The annual mean value from the Sonde was also 76 µS / cm, but the lowest 

reading was in July at 73 µS / cm and the highest in January at 78 µS / cm. 

 

Oxygen concentration 

 

 

 

 

 

 

 

 
 

 
Figure 3.5. Seasonal variation in surface oxygen concentrations (%) 

 in Loweswater, 2014 and 2013. 
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The lowest oxygen concentration recorded was in August at 88 % (Sonde also 88 %) and the 

highest in December at 115% (Sonde 111% in June) (see Figure 3.5); the annual mean 

concentration was 100% (Sonde 98%), slightly lower than the annual mean of 2013 at 101 %.  

However, measurements were taken near the surface where the water would be expected to 

be well oxygenated.  A more important consideration is the level of oxygen depletion at depth 

as, from early to mid-summer to early autumn, the lake water is thermally stratified, i.e. 

warmer surface water (the epilimnion) overlies, but hardly mixes with, colder bottom water 

(hypolimnion), the oxygen depletion at depth being caused by the decomposition of organic 

material produced in the upper layers of the lake.  As part of a study carried out by University 

College London, Goldsmith et al. (2014) generated dissolved oxygen profiles on three 

separate occasions: 16 October 2012, 29 April 2013 and 19 July 2013.  The results (in Table 

3.1) indicated that in October 2012 there was minimal variation in dissolved oxygen levels in 

the lake, i.e. about 9.5 mg l-1, with slightly higher levels near the surface.  In April 2013, 

dissolved oxygen levels were higher than recorded in October at about 13.5 mg l-1 through 

the column.  In July, when the lake was fully stratified, the deepest waters were almost 

anoxic at less than 1 mg l-1. 

 

Table 3.1 Dissolved oxygen profile data from Loweswater (Goldsmith et al., 2014) 

Depth in 
metres 

16 October 2012 29 April 2013 19 July 2013 

 Dissolved Oxygen (mg l-1) 
0 9.8 13.7 9.3 
1 9.8 13.5 8.7 
2 9.7 13.5 9.1 
3 9.7 13.4 9.5 
4 9.7 13.4 10.1 
5 9.7 13.4 9.2 
6 9.6 13.4 8.8 
7 9.6 13.4 8.1 
8 9.6 13.4 7.3 
9 9.6 13.4 5.5 

10 9.6 13.4 4.1 
11 9.6 13.4 3.7 
12 9.5 13.4 2.3 
13 9.5 13.4 1.2 
14 9.5 13.4 0.5 
15 9.5 13.4 0.2 
16 9.5 13.2 0.2 
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Soluble Reactive Phosphorus (SRP) 

The lowest concentration of SRP was at 0.5 μg / L, recorded in January, March, June, July, 

September and December, and the highest was in May at 6.9 μg / L (see Figure 3.6); the 

annual mean concentration was 1.4 μg / L, slightly lower than in 2013 at 1.6 μg / L. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6. Seasonal variation in concentrations of SRP in Loweswater, 2014 and 2013. 

 

Phosphate is the main nutrient controlling phytoplankton production in Loweswater and as 

SRP is readily available to phytoplankton, concentrations can change rapidly in response to 

supply and demand and tend to be very low throughout the growing season.  As a result, SRP 

is less reliable as an indicator of the trophic state of a lake than total phosphorus (Maberly et 

al., 2006). 

 
Nitrate- nitrogen 

Concentrations of nitrate-nitrogen (NO3-N) ranged from 370 µg / L in July to 1090 µg / L in 

May (see Figure 3.7), with an annual mean of 621 µg / L, higher than in 2013 at 520 µg / L. 

 

Maberly et al. (2006) reported a highly significant and strong tendency for summer and 

autumn concentrations of nitrate to decline.  This, they suggest, is caused by processes within 

the lake consistent with increasing productivity caused by increasing availability of 

phosphorus, which in turn increases the demand for nitrogen.   
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Figure 3.7. Seasonal variation in concentrations of nitrate-nitrogen 
       in Loweswater, 2014 and 2013. 

 
Total phosphorus (TP), Phytoplankton chlorophyll a and depth of Secchi disc 

As phytoplankton production is governed by the availability of phosphorus, there is usually 

some correlation between TP and phytoplankton chlorophyll a concentrations (Maberly et al., 

2006); there is also an inverse correlation between phytoplankton chlorophyll a concentration 

and depth of Secchi disc readings.  For these reasons these three parameters are considered 

together. 

 

The minimum TP concentration was in September at 5.7 μg / L and the maximum in May at 

16.8 μg / L (see Figure 3.8); the annual mean concentration was 11.6 μg /L, a little lower than 

in 2013 at 12.6 μg /L. 

 

Phytoplankton chlorophyll a concentrations varied between 2.2 μg /L in July and  

7.8 μg /L in April (see Figure 3.9); the annual mean concentration was 4.3 μg /L, much lower 

than in 2013 at 7.1 μg /L. 

 

The minimum depth of Secchi disc was in September at 1.5 metres and the maximum in June 

at 8.9 metres (see Figure 3.10), the deepest reading in recent records; the annual mean was 

3.8 metres, deeper than in 2013 at 3.5 metres. 
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Figure 3.8. Seasonal variation in concentrations of total phosphorus 
      in Loweswater, 2014 and 2013. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.9. Seasonal variation in concentrations of phytoplankton chlorophyll a in 

Loweswater, 2014 and 2013. 
 

 

 

 

 

 

 

 

Figure 3.10. Seasonal changes in depth of Secchi disc in Loweswater, 2014 and 2013. 
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3.2 Water quality monitoring – Dub Beck inflow and outflow 

For each of the parameters measured, Dub beck inflow and outflow data are plotted together 

and the lake’s data included for comparison. 

 

Alkalinity (acid buffering capacity) and pH 

 

 
 

Figure 3.11. Seasonal variation in Alkalinity in in Dub Beck inflow and outflow and 
Loweswater, 2014. 

 

The low, high and annual mean Alkalinity levels (Alk. µ eq / L) for 2014 are tabulated below, 

with 2013 annual means for comparison: 

 
 Low High     Annual means 
   2014 2013 
 
Dub beck inflow - Waterend 280 (Jan) 760 (Jun) 460 428 
    
Dub Beck outflow – NY 132 212 171 (Feb / Mar) 232 (Sep) 201 224 
 
Dub Beck outflow – Maggie’s Bridge 175 (Mar) 234 (Sep) 203 223 
    
Loweswater 168 (Mar) 232 (Sep) 199 224 
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Figure 3.12. Seasonal variation in pH values in Dub Beck inflow and outflow and 
Loweswater, 2014. 

 

The low, high and annual mean pH values for 2014 are tabulated below, with 2013 annual 

mean values for comparison: 

 
 Low High Annual mean 
   2014 2013 
 
Dub beck inflow - Waterend 6.5 (Jan) 7.2 (Jul) 7.0    6.9 
    
Dub Beck outflow – NY 132 212 6.8 (Mar) 7.7 (Jul) 7.0             7.2 
 
Dub Beck outflow – Maggie’s Bridge 6.8 (Oct) 8.0 (May) 7.2             7.2 
    
Loweswater 6.8 (Mar) 8.1 (Jun) 7.2           7.5 
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Water Temperature 
 

 

Figure 3.13. Seasonal variation in water temperature in Dub Beck inflow and outflow and 
Loweswater, 2014. 

 
 

The low, high and annual mean temperatures (°C) 2014 are tabulated below, with 2013 

annual means for comparison: 

 
 Low High  Annual means 
   2014 2013 
 
Dub beck inflow - Waterend 4.8 (Dec) 15.5 (Jun)  9.8 9.2 
    
Dub Beck outflow – NY 132 212 4.8 (Feb) 20.8 (Jun)  11.6 10.2 
 
Dub Beck outflow – Maggie’s Bridge 4.9 (Feb) 19.7 (Jun)  11.4 10.1 
    
Loweswater 4.7 (Feb) 21.4 (Jul)  11.8 10.4 
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Specific conductivity 

The values for Specific conductivity, a measure of the water’s ionic activity and content, 

expressed as micro Siemens per centimetre (µS / cm) at 25°C, are plotted below, see Figure 

3.14. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.14. Seasonal variation in conductivity in Dub Beck inflow and outflow and 

Loweswater, 2014. 

  

The low, high and annual mean specific conductivity values (µS / cm) for 2014 are tabulated 

below, with 2013 annual means for comparison: 

 
 Low High Annual means 
   2014 2013 
 
Dub beck inflow - Waterend 94 (Dec) 127 (Jun) 110 93 
    
Dub Beck outflow – NY 132 212 74 (Jan)  83 (Jul) 77 66 
 
Dub Beck outflow – Maggie’s Bridge 74 (Nov)  80 (Apr/Jun) 77 67 
    
Loweswater 74 (Jan)  78 (Jun) 76 66 
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Oxygen concentration 

 

 

Figure 3.15. Seasonal variation in Oxygen concentrations in Dub Beck inflow and outflow 
and Loweswater, 2014. 

 

 

The low, high and annual mean Oxygen concentrations (%) for 2014 are tabulated below, 

with 2013 annual means for comparison: 

 
 Low High Annual means 
   2014 2013 
 
Dub beck inflow - Waterend 87 (Oct) 116 (Dec) 95  97 
    
Dub Beck outflow – NY 132 212 84 (Aug) 114 (Dec) 95  95 
 
Dub Beck outflow – Maggie’s Bridge 82 (Jul) 114 (Dec) 97  93 
    
Loweswater 88 (Aug) 115 (Dec) 100 101 
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Nitrate- nitrogen 

 

 

 
 

Figure 3.16. Seasonal variation in Nitrate-nitrogen concentrations in Dub Beck inflow and 
outflow and Loweswater, 2014. 

 
 

The low, high and annual mean Nitrate-nitrogen concentrations (µg / L) for 2014 are 

tabulated below, with 2013 annual means for comparison: 

 
 Low High Annual mean 
   2014 2013 
 
Dub beck inflow - Waterend  760 (Aug) 2210 (Jan) 1162 1047 
    
Dub Beck outflow – NY 132 212 390 (Jul /Aug) 790 (Mar) 588 560 
 
Dub Beck outflow – Maggie’s Bridge 370 (Sep) 770 (Jan) 588 581 
    
Loweswater 370 (Jul) 1090 (May) 622 522 
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Soluble Reactive Phosphorus 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
Figure 3.17. Seasonal variation in SRP concentrations in Dub Beck inflow and outflow and 

Loweswater, 2014. 
 

The low, high and annual mean SRP concentrations (µg / L) for 2014 are tabulated below, 

with 2013 annual means for comparison: 

 
 Low High Annual mean 
   2014 2013 
 
Dub beck inflow - Waterend Unreliable data -  7.1 
    
Dub Beck outflow – NY 132 212 0.5* (1) 2.9 (Jul) 1.2    1.7 
 
Dub Beck outflow – Maggie’s Bridge 0.5* (2) 4.0 (May) 1.6              2.2 
    
Loweswater 0.5* (3) 6.9 (May) 1.4    1.6 
 
 
* Values were given as < 1 µg / L and so have been plotted at 0.5µg / L. 
 

1. This low value occurred in January, February, August and December. 
2. This low value occurred in January, March, August and December. 
3. This low value occurred in January, March, June, July, September and December. 
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Total phosphorus 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3.18. Seasonal variation in Total Phosphorus concentrations in Dub Beck inflow 
and outflow and Loweswater, 2014. 

 
 
 

The low, high and annual mean Total Phosphorus concentrations (µg / L) for 2014 are 

tabulated below, with 2013 annual means for comparison: 

 
 Low High Annual means 
   2014 2013 
 
Dub beck inflow - Waterend 7.6 (Dec) 77.1 (Jan) 17.1 30.4 
    
Dub Beck outflow – NY 132 212 8.6 (Sep) 15.2 (Feb) 12.3 13.1 
 
Dub Beck outflow – Maggie’s Bridge 7.9 (Sep) 17.0 (May) 11.8 18.7 
    
Loweswater 5.7 (Sep) 16.8 (May) 11.6 12.6 
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Chlorophyll a 
 
 
 
 

 

 

 

 

 

 

 

Figure 3.19. Seasonal variation in Chlorophyll a concentrations in Dub Beck inflow and 
outflow and Loweswater, 2014. 

 
 

The low, high and annual mean Chlorophyll a concentrations (µg / L) for 2014 are tabulated 

below, with 2013 annual means for comparison: 

 
 Low High Annual means 
   2014  2013 
 
Dub beck inflow - Waterend 0.3 (Mar/Dec) 15.6 (Jan) 2.4  3.1 
    
Dub Beck outflow – NY 132 212 2.6 (Jul) 8.2 (Apr) 4.5  8.9 
 
Dub Beck outflow – Maggie’s Bridge 2.0 (Jul) 7.7 (Apr) 4.2  8.1 
    
Loweswater 2.2 (Jul) 7.8 (Apr) 4.3  7.1 
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Summary of Dub beck inflow and outflow data 

As may be expected, the plots for many of the parameters recorded for Dub beck outflow and 

the lake showed very similar values and patterns, i.e. those for Alkalinity, Temperature, 

Conductivity, Nitrate, TP, and Phytoplankton chlorophyll a; there was, however, more  

variation for pH, Oxygen concentration and SRP.  On the other hand, for most of the 

parameters measured, the results for Dub beck inflow showed much greater variation in 

values and pattern, when compared to the lake and Dub beck outflow.  Alkalinity was 

consistently higher and showed greater variation through the year; Temperature was lower in 

the summer months; specific conductivity was consistently higher and more variable through 

the year; Nitrate was consistently higher, except in May when the lake showed a particularly 

high reading of 1090 µg / L; the values for TP were fairly close to those of the lake and Dub 

beck outflow, except for January when the value was 77 µg / L, which indicates a possible 

pollution event; Phytoplankton chlorophyll a was consistently lower, except for January, 

when the value was exceptionally high at 15.6 µg / L.  There was more variation in the four 

sampling sites for pH, Oxygen concentration and SRP, with pH tending to be lower and SRP 

higher in Dub beck inflow. 

 

3.3 Water quality monitoring of other becks 

Note that in the following figures, the notation “Dub Beck > X” means Dub Beck above 

confluence with beck X. 

As noted in the 2013 report, the chemistry of the becks is strongly influenced by rainfall with 

low turbidities and increasing concentrations of dissolved solids as rainfall declines.  As 

judged by the rainfall gauge at Iredale Place above Loweswater (see Figure 3.20), 2014 (total 

rainfall 1657mm) was a somewhat wetter year than 2013 (total rainfall 1502mm), the mean 

since 1984 being intermediate (1609mm).  Whereas the winter (January-March) of 2013 had 

a well-below average rainfall, 2014 was notable for a very wet winter period. 

As in 2013, the pH of the becks was predominantly on the acidic side of neutral, with just 

two becks (Holme 1 and 2) having a mean pH above 7 (see Figure 3.21 on the next page).  In 

addition to the four becks (High Nook, Holme 3, 4 and 5) with this characteristic in 2013, 

Black Beck also had a mean pH ≤ 6 in 2014.  The remaining becks had a mean pH of 6-7. 

 

 



Page 27 of 49 
 
 

Report number 004-LCP-WCRT 
 

 

Figure 3.20. Rainfall data for Loweswater in 2014 and 2013 with means (over 30 years) for 
comparison. 

 

Figure 3.21. pH data for Loweswater Becks in 2014. 
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Figure 3.22. Temperatures for Loweswater Becks, 2014 

 

Mean temperatures were all around 10oC, dropping to 5 - 6oC in Winter (see Figure 3.22, 

below).  Maximum temperatures are strongly influenced by exposure to the Summer sun with 

the short becks within Holme Wood never getting above 13 - 14oC. 

The general pattern of specific conductivities across the becks was similar to that in 2013, 

but the mean levels were all higher by around 10 μS/cm or so (see Figure 3.23).  This would 

explain why the lake specific conductivity was higher by about this amount in 2014 

compared to 2013.  EA data for Dub Beck at Waterend show an even greater increase in 

mean specific conductivity (17 μS/cm) between 2013 and 2014 (see table on page 20).  

Higher specific conductivity levels are usually caused by lower rainfall, but, as rainfall was 

higher in 2014 compared to 2013, the reason for this in 2014 is not clear.  

Dissolved oxygen saturation levels in 2014 also show a similar pattern to 2013 with 

continuing levels below 90% in Dub Beck above Loweswater (see Figure 3.24 below).  There 

was also low DO saturation in the Dub Beck outlet over the Autumn period when the lake 

destratifies, which brings anoxic waters from the lake bottom to the surface. 
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Figure 3.23. Specific conductivity data for Loweswater Becks, 2014. 

 

 

 

Figure 3.24. Dissolved oxygen data for Loweswater Becks, 2014. 

Turbidities did not achieve the very high values that occurred in 2013 as the short-term 

rainfall did not reach the same high levels (at least at the times when monitoring was carried 

out).  Consequently, the mean concentrations of those becks with very high maxima in 2013 

(e.g. High Nook and Whittern Gill) were appreciably lower in 2014 (see Figure 3.25, below).  

However, the mean turbidity of other becks (e.g. Dub Beck above the lake) were similar or 

even higher in 2014.  
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Figure 3.25. Turbidity levels in Loweswater Becks, 2014. 

 

Notable features of the chemistry of individual becks are summarised below: 

Black Beck is somewhat more acidic than in 2013 (mean pH 5.8 cf 6.4) with a slightly higher 

specific conductivity (mean 51 cf 44 μS/cm).  DO saturations were high (above 90%) and 

turbidities very low at all times (maximum 1.1 NTU). 

The various Holme Becks displayed the same differences in chemistry (mainly pH and 

conductivity) as in 2013.  Holme 1 and 2 were very slightly on the alkaline side of neutral 

(mean pHs 7.4 and 7.2), whereas Holme 3, 4 and 5 were quite acidic (mean pHs 5.0-5.6).  All 

were well-saturated in terms of dissolved oxygen, but Holme had a higher turbidity (mean 1.2 

NTU) compared to the others (means all < 1 NTU). 

As in 2013, High Nook Beck is slightly acidic (mean pH 5.8), but with a marginally higher 

specific conductivity (mean 44 cf 38 μS/cm in 2013).  No very high turbidity events (like that 

in August 2013) were recorded in 2014, the highest observed turbidity being 2.5 NTU. 

Crabtree Beck has a close to neutral pH (mean 6.9 cf 6.3 in 2013) and higher specific 

conductivity than in 2013 (mean 60 cf 49 μS/cm).  After the massive erosive event in 2013, 

2014 was much quieter, the highest measured turbidity being 1.6 NTU. 
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The chemistries of Dub Beck and its tributaries above the lake were not that different from 

those in 2013.  Apart from one or two samples, all were on the acidic side of neutral pH and 

Dub Beck at the Grange/Waterend was noticeably more so than from the EA 2014 data 

(mean pH 6.3 compared to EA mean pH 6.9).  The specific conductivities of Dub Beck were 

a little higher than in 2013 (means slightly > 100 μS/cm), although that at the 

Grange/Waterend was slightly below the EA mean (105 compared to 110 μS/cm).  As in 

2013, the DO saturation levels at the three Dub Beck locations were often lower than in any 

other stream, but the means were slightly higher than the previous year. The turbidities were 

lower than in 2013, Whittern Gill being the only stream where the turbidity rose above 10 

NTU on any of the monitoring days. 

 
 
3.4 Microscopy and algal counts 

A wide range of algae were identified and counted, falling broadly into the following 

phylogenetic groups: Chlorophytes (including Euglenophytes), Chrysophytes, Cryptophytes, 

Dinophytes, Diatoms and Cyanophytes (blue-green algae), although the latter are not true 

algae having features more in common with bacteria (Cyanobacteria). 
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Figure 3.26. Seasonal variation in Chlorophyte, Chrysophyte, Cryptophyte, 
Dinophyte, Haptophyte and Euglenophyte populations observed in 
Loweswater – 2014. 

 

Cryptophytes, including Chroomonas, were present all year round, but most abundant in July  

and August; Chrysophytes were present in low numbers most of the year; Chlorophytes, 

Haptophytes and Eugenophytes were present in low numbers in the latter part of the year and 

Dinophytes were present in very low numbers in June, July and August (see Figure 3.26 and  

Figure 3.27 for comparison with 2013).  

 

 

 

 

 

 

 

 

 

Figure 3.27. Seasonal variation in Chlorophyte, Chrysophyte, Cryptophyte and Dinophyte 
populations observed in Loweswater – 2013. 
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Figure 3.28. Seasonal variation in diatom populations observed in Loweswater – 2014. 
 

 

Counts for diatoms Aulacoseira and Asterionella formosa in 2014 were much lower than in 

2013, with peak numbers for Aulacoseira in February and December and for Asterionella 

Formosa in June and December.  Urosolenia and Cylcotella were more abundant than in 

2013, with peak numbers in April and September, respectively (see Figure 3.28 and Figure 

3.29 for comparison with 2013).  

 

Figure 3.29. Seasonal variation in diatom populations observed in Loweswater – 2013.
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Figure 3.30. Seasonal variations in filamentous cyanobacterial populations 
observed in Loweswater – 2014. 

 

The filamentous Planktothrix mougeotii, was present most months, but most abundant in 

early summer and autumn, similar to 2013 but at much higher levels.  Anabaena was present 

in the summer months, but at very low levels (see Figure 3.30 and Figure 3.31 for comparison 

with 2013).   

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

Figure 3.31. Seasonal variations in filamentous cyanobacterial populations 
observed in Loweswater – 2013. 
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Figure 3.32.      Seasonal variations in colonial cyanobacterial populations 
observed in Loweswater – 2014. 

 
 

Colonial Woronichinia naegeliana was present early in the year (a continuation of the high 

levels seen in late 2013) and again in the autumn, but in much lower numbers than in the 

previous year.  Snowella counts, too, were lower than in 2013, with a small peak in 

September (see Figure 3.32 and Figure 3.33 for comparison with 2013). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.33.      Seasonal variations in colonial cyanobacterial populations 
observed in Loweswater – 2013. 
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3.5 Algal bloom monitoring  
 
Unlike in 2013 (see report number 003-LCP-WCRT), there were few if any observations by 

local residents on the incidence and nature of algal blooms in Loweswater, during 2014, which 

suggests, perhaps, that the lake’s water quality has improved over previous years.  All of the four 

reported instances were simply of small aggregations of algae along the shorelines at either 

Watergate or the road. 
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DISCUSSION 

 
Although the water quality monitoring programme was based on single point sampling, i.e. a 

monthly mid-lake sample, the results of a one-day trial conducted on behalf of the Environment 

Agency by YSI Hydrodata Ltd on 01 November 2011, indicated that, at 0.5 metres, Loweswater 

was fairly uniform in temperature, pH, conductivity and dissolved oxygen (see Report Number 

003-LCP-WCRT, 2012). 

 

From the results of the water quality analysis and algal counts during 2014, certain correlations 

and patterns emerge and these are highlighted and discussed briefly in the next paragraphs. 

 

For nine months of the year, the pH varied between 6.8 and 7.7, with a rise to 8.0, 8.1 and 7.8 in 

May, Jun and July, respectively.  Seasonal elevated values are usually associated with the 

photosynthesising action of algal blooms, which increase the water pH, particularly in slow 

moving waters (Loweswater has a long residence time of about 200 days).  In 2014, high levels of 

Planktothrix were observed in Loweswater with peak levels in May; Asterionella formosa counts 

were highest in June (later than usual) and the Cryptophyte counts peaked in July. 

 

Overall, phytoplankton chlorophyll a concentrations were lower in 2014 than in 2013, with an 

annual mean of 4.3 μg /L (7.1 μg /L in 2013), the lowest for more than 20 years.  The highest 

phytoplankton chlorophyll a concentration of 7.8 μg /L occurred in April, when Planktothrix 

counts were on the rise, which by May had become the highest on record in recent years.  

However, this maximum of 7.8 μg /L phytoplankton chlorophyll a was relatively low when 

compared to previous years’ maxima, i.e. 13.3 μg /L in 2012 and 2013 and 12.2 μg /L in 2011, 

which suggests that phytoplankton chlorophyll a is a less important indicator of filamentous 

cyanobacterial development than phycocyanin, an accessory photosynthetic pigment.    

 

Cyanobacteria are the only phytoplankton that contain phycocyanin, which makes the pigment a 

good indicator of the amount of cyanobacteria in a body of water.  While chlorophyll 

measurements can be used to estimate entire phytoplankton populations en masse, the accessory 

pigment phycocyanin can be measured to estimate cyanobacteria concentrations specifically.  

 

The YSI sonde deployed in Loweswater measures blue-green algae in real-time through the in 

vivo fluorometry technique.  This method directly detects the fluorescence of the phycocyanin 
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pigment in living algal cells and determines the relative blue-green algal biomass (see Figure 4.1, 

below). 

Figure 4.1. Sonde traces recording chlorophyll (dark green) and BGA levels (pale green) 
in Loweswater in 2014; the pattern of the BGA trace reflects the high 

levels of cyanobacteria observed in early summer and again in the autumn. 
 

In general, there is an inverse correlation between phytoplankton chlorophyll a and depth of 

Secchi disc values; in 2014 the deepest readings were in June at 8.9 metres (the deepest on 

record) and in July at 6.2 metres, when the phytoplankton chlorophyll a concentrations were at 

3.0 μg /L and 2.2 μg /L, respectively.  However, phytoplankton chlorophyll a concentration is 

not the only factor determining water transparency; heavy rainfall has the potential to wash large 

amounts of suspended solids into a water body, which may also lower depth of Secchi disc 

readings.  Local records show that Loweswater had nearly 300 mm of rain during October 2014, 

when the depth of Secchi disc reading was the lowest of the year at 1.5 metres (see weather 

records in Appendix 1). 

 

The form of phosphorus that is readily available to phytoplankton is soluble reactive 

phosphorus (SRP), the concentration of which can change rapidly in response to supply and 

demand and therefore is considered to be less reliable as an indicator of the trophic state of a 

lake than total phosphorus (TP).  The annual mean TP was 11.5 µg/L, lower than in the four 

previous years, although the early summer values in April and May were relatively high at 

15.5 and 16.8 µg/L, respectively.  As reported earlier, the early summer of 2014 Planktothrix 

counts were the highest on record; increased phytoplankton production in early summer, 

when the lake undergoes thermal stratification, can lead to greater depletion of oxygen at 

depth, which leads to a reduction in the redox potential of the surface sediment resulting in 

trapped phosphorus (as phosphates) being released into the hypolimnion, with subsequent 
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diffusion of dissolved phosphate into the water column (Mortimer, 1941; 1942).  Nitrate 

levels were also at their highest in May at 1090 µg/L, with an annual mean of 622 µg/L - the 

highest in recent years. 

 

Ultra-sound equipment  

 

During 2013 (30 June) the WCRT commissioned EnviroSonics to install ultra-sound (US) 

equipment on Loweswater, with the remit to reduce cyanobacterial (BGA) populations.  Of 

the BGA populations in Loweswater, the two most abundant are the filamentous Planktothrix 

(in early summer) and the colonial Woronichinia (in late summer / autumn).  In the absence 

of a ‘control’ water body for comparison, the measure of the effectiveness of the US would 

be the comparison of the BGA colony or filament counts (and lengths) with historical data 

held by Centre for Ecology and Hydrology (CEH) and WCRT, i.e. by microscopic 

examination. 

 

Many cyanobacteria contain structures called gas vesicles, which regulate their buoyancy.  

High frequency pulses, emitted by the ultra-sound transducer, generate pressure waves within 

the water body, which cause the gas vesicles in the algal cells to collapse and then for the 

algae to sink.  Algal forms that do not have gas vesicles are not affected, nor is any other part 

of the aquatic community.  The only possible / potential side effect of destroying BGA with 

ultra-sound was, EnviroSonics suggested, that other algal forms may take their place and 

proliferate. 

 

However, the results of the phytoplankton identification and enumeration, by microscopy, 

suggest that the ultra-sound had no effect on BGA levels.  On the contrary, the counts for the 

filamentous blue-green Planktothrix seen in spring time onwards in 2014, were higher than 

any recorded by CEH and WCRT from 2007 to 2013.  To illustrate, the median values from 

the 2007 to 2013 data are plotted against the 2014 data alone (see Figure 4.2).  This follows 

the trend seen for Woronichinia counts in the autumn of 2013, following the installation of 

the US at the end of June of that year; these, too, were higher than any recorded by CEH and 

WCRT from 2007 to 2013 (see Report Number 004-LCP-WCRT).  However, in 2014, apart 

from the elevated levels of Woronichinia seen in the early part of the year (a continuation of 

the high levels seen in last quarter of 2013), counts for the rest of 2014 were below or very 
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near the median values recorded for Woronichinia by CEH and WCRT from 2007 to 2013 

(see Figure 4.3).  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2. Seasonal variations in filamentous cyanobacterial populations 
observed in Loweswater in 2014 compared to median values from 

2007 to 2013, inclusive. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3. Seasonal variations in colonial cyanobacterial populations 
       observed in Loweswater in 2014 compared to median values 

from 2007 to 2013, inclusive. 
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Further evidence of the rise in BGA (particularly Planktohtrix) levels came from the Sonde 

records, which reflect the high levels of cyanobacteria observed in early summer and, to a lesser 

extent, in the autumn, as discussed earlier (see Figure 4.1 on Page 38). 

 

One possible consideration, however, was that the high filament counts for Planktothrix were the 

result of the US breaking down longer filaments to a greater number of shorter ones, thus giving 

an artificially high count.  However, measurements taken under the microscope showed that mean 

filament length increased with higher counts as the season progressed; furthermore the BGA 

levels recorded by the Sonde showed the same pattern of seasonal variation (see Figure 4.4) 

 

Figure 4.3. Seasonal variation in Planktothrix filament counts, mean filament lengths and 
BGA levels in Loweswater, 2014. 

 

 

In addition, an assessment of the concentration of algal cells following the sedimentation 

procedures (see Section 2.3, Page 8) showed an increase in the volume of cells from April to 

May (see Figure 4.5, on the next page); furthermore microscopic examination of the sample 

in May revealed large entanglements of long algal filaments (see Figure 4.6, also on the next 

page).  
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Figure 4.5. The concentration of algal cells / filaments following sedimentation 
procedures shows a greater volume in May compared to April. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6. Entanglements of long Planktothrix filaments: May 2014.  x110 
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As discussed in the Water Quality Monitoring Report for 2013 (Report Number 003-LCP-

WCRT) there were a number of issues following the installation of the ultra-sound units, 

including battery and transducer failure, as well as an underestimate by the suppliers on the 

power generated by the solar panels in the autumn and winter months for re-charging the 

batteries; these several factors contributed to less than satisfactory conditions for the trial. 

 

Trophic status 

 

Using OECD guidelines (1982), the trophic status of a water body may be classified using 

data on three of the variables discussed above, i.e. TP, phytoplankton chlorophyll a and 

depth of Secchi disc, as shown in Table 4.1, below:  

 

Table 4.1. Trophic categories based on five limnological variables 

 Mean Total Mean Maximum Mean Minimum 
 Phosphorus Choro. a Choro. a Secchi Secchi 
 (μg / l) (μg / l) (μg / l) depth (m) depth (m) 
Trophic category 
Ultra-oligotrophic < 4 < 1 < 2.5 > 12 > 6 
Oligotrophic 4 - 10 1 - 2.5 2.5 - 8 12 - 6 6 - 3 
Mesotrophic 10 - 35 2.5 - 8 8 - 25 6 - 3 3 - 1.5 
Eutrophic 35 - 100 8 - 25 25 - 75 3 - 1.5 1.5 - 0.7 
Hypertrophic > 100 > 25 > 75 < 1.5 < 0.7 
 
Using these guidelines, data from Centre Ecology and Hydrology (CEH) in 2010 indicated 

that Loweswater classified as being on the mesotrophic / eutrophic boundary.  Data from the 

water quality monitoring programme in 2011, however, indicated an improvement and the 

lake’s trophic state, based on these data, was mesotrophic.  The results of the 2012 and 2013 

monitoring programme confirmed the 2011 result; similarly, the 2014 results indicate that the 

lake is still mesotrophic, but with one variable, maximum phytoplankton chlorophyll a, being 

oligotrophic (see Table 4.2, on the next page). 
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Table 4.2. Assessment of the trophic state of Loweswater from  
           2010 to 2014, using five variables. 

 
 Mean Total Mean Maximum Mean Minimum 
 Phosphorus Chloro. a Chloro. a Secchi Secchi 
 (μg / L) (μg / L) (μg / L) depth (m) depth (m) 

  Oligotrophic  Mesotrophic  Eutrophic 
 
* Measurements taken in 2010 on a monthly basis through the Loweswater Care Project give 

slightly better results for mean TP, phytoplankton chlorophyll a and depth of Secchi disc 

(marked * in Table 2) at 12.75 μg / l, 11.01 μg / l and 3.15 metres, 

 

Recent results plotted against historical data provide further evidence that the trophic status of 

Loweswater shows signs of improvement (see Figure 4.3). 

Lakes Tour 2010 14.8*  11.7*  19.2  2.8*  1.9 

           Environment 
Agency 2011 12.4  6.2  13.3  3.4  2.5 

 
           Environment 
Agency 2012 13.2  5.5  13.3  3.4  2.4 

 
           Environment 
Agency 2013 

 
 

12.6  7.1  12.2  3.5  2.3 

 
Environment 
Agency 2014 

 
 

11.6  4.3  7.8  3.8  1.5 
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Figure 4.3 Long term changes in annual mean concentration of total phosphorus 
and phytoplankton chlorophyll a; and in changes in annual mean  
depth of Secchi disc in Loweswater, 2005 to 2014. 

 

Of particular interest from a legal standpoint is the status of the lake in terms of the EU Water 

Framework Directive (WFD).  Water quality standards under the WFD are established in The 

River Basin Districts Typology, Standards and Groundwater threshold values (Water 

Framework Directive) (England and Wales) Directions 2010.  The WFD categorises rivers 

and lakes into five levels of ‘ecological status’, i.e. poor, moderate, good, high and bad, the 

main objective of the WFD being that water bodies should achieve ‘good ecological status’ 

by a specified date, normally 2015 (but relaxed to 2027 for Loweswater).  The two WFD 

parameters of particular interest for the lake’s ecological status are total phosphorus and 

phytoplankton chlorophyll a.  The quality levels that define status are not given in absolute 

terms, but are calculated from formulae given in the 2010 Directions; this calculation involves 

the mean depth of the lake (Loweswater is classified as shallow), its altitude and its alkalinity 

(Loweswater is low).  The calculated boundary levels for TP and phytoplankton chlorophyll a 

for Loweswater are given in Table 4.4, on the next page. 
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Table 4.4 WFD boundary levels for total phosphorus and phytoplankton chlorophyll α 
for Loweswater 2014 

 

WFD Status  High Good Moderate Poor Bad 

Parameter (μg/L)  

Total phosphorus  <7.9 7.9 - 12.3 12.3 - 24.6 24.6 - 49.1 >49.1 

Phytoplankton chloro. a <4.5 4.5 – 7.8 7.8 – 15.0 15.0 – 45.2 >45.2              

 

The annual geometric mean values for TP and phytoplankton chlorophyll a are used when 

determining ecological status against these boundary levels; in 2014 these were 11.1 µg/L for 

TP (compared to an arithmetic mean of 11.6 µg/L) and 4.0 µg/L for phytoplankton 

chlorophyll a (compared to an arithmetic mean of 4.3 µg/L).  Thus, on the basis of the 2014 

results, Loweswater was in ‘Good’ ecological status for both TP and phytoplankton 

chlorophyll a.  

 

When comparing these classifications with any such by the Environment Agency, it should be 

noted that the EA official classification is based on data averaged over the preceding 3 years, 

not on data for any single year and the chlorophyll-a parameter is one of two parameters 

within the overall phytoplankton category (see Appendix 2 in 2011 Report).  The geometric 

mean TP value for the lake for 2011 to 2013 was 12.5 µg/L and the phytoplankton 

chlorophyll a value was 5.6 µg/L.  Thus, the lake quality is in ‘Good’ ecological status for 

both TP and phytoplankton chlorophyll a. In 2014, the EA’s overall classification was 

moderate, as it has been since the first classification in 2009.  

 

It should be noted that 2014 is the last year of the Cycle 1 re-assessments; 2015 will be the 

first year of the Cycle 2 assessments which feature new protocols and standards for some 

parameters.  
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5. CONCLUSIONS 

 

• The results of the water quality monitoring programme of Loweswater for 2014 

indicate that the lake continues to show signs of improvement in its chemical status, 

but still classifies as mesotrophic. 

 

• Under the Water Framework Directive, the lake is classified by the EA as of 

‘Moderate’ overall status, but the assessment in this report classifies Total Phosphate 

and Phytoplankton Chlorophyll a as of ‘Good’ status. 

 

• Enumeration and identification of algal populations indicate that filamentous 

cyanobacteria were more abundant in 2014 than in 2013, but that colonial forms of 

cyanobacteria were much less abundant. 

 

• The results of the algal counts in 2014 (particularly for Planktothrix in April, May and 

in the autumn), when compared to historical data, indicate that under the conditions of 

the trial, there is no evidence that ultra-sound, with the frequencies used, had any 

effect on the BGA populations in Loweswater. 
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APPENDIX 1. 
 
 
 
 

RAINFALL FIGURES FOR LOWESWATER YEAR 2014 
 

IREDALE PLACE COTTAGE, LOWESWATER 
 
 

 
 Jan  Feb Mar Apr May  Jun  Jul  Aug  Sept  Oct  Nov  Dec 

 
 

Rainfall 205 256 150 58 98 42 99 140 24 293 138 155 
 (mm) 
 
 
Mean  154  126 124 89  86  97  111  136  143  190  169 181 
(over 31 years)  
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