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ABSTRACT 

Eutrophication poses a great threat to the recreational potential of lakes due to the health 

effects associated with toxic algal blooms.  Increased nutrient loading can stimulate algal 

growth.  Although there are established management practices in place for eutrophicated 

shallow lakes; there is a distinct lack of guidance for unusual water bodies, such as coastal 

lagoons and saline lakes, which are suffering the effects of eutrophication.   
 

Poole Park Lake is a saline lake that is experiencing elevated nutrient levels and consequently 

increased algal growth.  To control the algal blooms, the lake is flushed fortnightly during the 

summer months with seawater from Poole Harbour, putting the lake out of action for several 

days.  The problems associated with eutrophication are threatening the recreational potential of 

the Lake.   

 

The objectives of this project were to determine the water quality of Poole Park Lake, advise on 

whether the levels of nutrients and presence of algae is harmful to human health and 

recommend measures to control the algal blooms, thus reducing the need for flushing. 

 

Water quality analysis established that there were high nutrient concentrations in the lake, 

although no algal blooms were experienced during the sample period.  Sources of nutrients 

were identified.  One issue of concern is the potential threat to human health due to poor 

microbial water quality.  Recommendations concerning reducing nutrient loading and controlling 

algal blooms are made.
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1. INTRODUCTION 

1.1 BACKGROUND 

Eutrophication is a natural process, which occurs over time in water bodies such as 

lakes and estuaries (EPA, 2003).  However, human activity has greatly accelerated this 

process by increasing the rate at which nutrients enter aquatic ecosystems from their 

surrounding catchment areas (Moss, 1998).  Sources of nutrients include agricultural 

runoff, urban runoff, leaking septic tanks/systems, sewage discharges and eroded stream 

banks.  These increase the input of nutrients and organic substances into water bodies 

(EPA, 2003; Environment Agency, 2000; WHO, 1999).   

 

Such substances can stimulate algal growth, causing conditions that can reduce the 

aesthetic and recreational value of eutrophic waters.  The production of surface scums 

during algal blooms and the growth of algae and macrophytes on shores may interfere 

with recreational activities such as fishing, sailing and swimming (WHO, 1999; Mason, 

1996).  In addition, decaying algae washed ashore is very foul smelling.   Furthermore, 

the dense swarms of midges associated with eutrophic lakes can be a huge nuisance to 

lake users, while the insectides used to control midges can be harmful to other 

organisms, including fish, in the lake (Mason, 1996).  Nutrient enrichment of lakes can 

also affect the health and diversity of indigenous fish, plant and animal populations 

(Moss, 1994; Mason, 1996; EPA, 2000). 

 

1.2 EUTROPHICATION 

The Environment Agency (1998) defines eutrophication as: 

 

“The enrichment of waters by inorganic plant nutrients which results in the 

stimulation of an array of symptomatic changes.  These include the increased 

production of algae and/or other aquatic plants, affecting the quality of the 

water and disturbing the balance of organisms present within it.  Such changes 

may be undesirable and interfere with water use.” 

 

These nutrients are usually nitrogen and phosphorous and result in an increase in 

primary production.  Artificial or cultural eutrophication causes an increase of nutrients 

due to human activities, whereas natural eutrophication occurs when there is a rise in 

 9
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nutrients due to non-human processes, such as a forest fire or weathering (Mason, 

1996). 

A number of common symptoms of eutrophication have been identified by NOAA 

(1999) and WHO (1999), these include: 

• Visible cyanobacterial or algal blooms, surface scums, floating plant mats and 

benthic macrophyte aggregations. 

• Depletion of dissolved oxygen, which occurs as a result of the decay of organic 

matter.  Oxygen depletion can cause fish mortality, habitat loss and degraded 

aesthetic values, resulting in the loss of tourism and recreational water use. 

• Epiphytes are algae which grow on the surface of plants or other objects and can 

cause the loss of submerged aquatic plants by coating the surfaces of leaves, 

thus reducing the light available to the plant leaves for photosynthesis. 

• Losses of submerged aquatic vegetation (SAV) happen when light is reduced 

due to turbid water associated with the proliferation of algae, or as a result of 

epiphyte growth on leaves.  The loss of SAV can have a negative impact on the 

ecological functioning of a water body as they are an important habitat for fish 

and other invertebrates. 

• Nuisance and toxic algal blooms are believed to be caused by changes in the 

natural concentrations of nutrients, which occurs when there is an increase of 

nutrients over time.  Such blooms may release toxins that kill fish and shellfish.  

Human health problems may also occur due to the consumption of seafood 

which has bioaccumulated algal toxins or from the inhalation of airborne toxins. 

 

The concentration of chlorophyll a (chl. a) in the water is usually taken as an indicator 

of the biomass of algae present.  This, along with total phosphorous and water 

transparency (Secchi depth) can be used to determine a lake’s ‘trophic’ status (see table 

1.1) (Henderson-Sellers and Markland, 1987; Mason, 1996).   

 10
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Table 1.1 OECD boundary values for fixed trophic classification system (adapted from 

Mason, 1996; Minnesota Pollution Control Agency, 2002). 

Trophic category TP Mean 

Chl 

Maximum 

Chl 

Mean 

Secchi  

Minimum 

Secchi 

Ultra – oligotrophic <4.0 <1.0 <2.5 >12.0 >6.0 

Oligotrophic 

A relatively nutrient-poor 

lake, it is clear and deep with 

bottom waters high in 

dissolved oxygen. 

<10.0 <2.5 <8.0 >6.0 >3.0 

Mesotrophic 

Midway in nutrient levels 

between the eutrophic and 

oligotrophic lakes. 

10-35 2.5-8 8-25 6-3 3-1.5 

Eutrophic 

A nutrient-rich lake - usually 

shallow, "green" and with 

limited oxygen in the bottom 

layer of water. 

35-

100 

8-25 25-75 3-1.5 1.5-0.7 

Hypereutrophic 

A very nutrient-rich lake 

characterized by frequent and 

severe nuisance algal blooms 

and low transparency. 

>100 >25 >75 <1.5 <0.7 

Explanation of terms: 

TP = mean annual in-lake total phosphorus concentration (µgl-1); 

Mean Chl = mean annual chlorophyll a concentration in surface waters (µgl-1); 

Maximum Chl = peak annual chlorophyll a concentration in surface waters (µgl-1); 

Mean Secchi = mean annual Secchi depth transparency (m); 

Minimum Secchi = minimum annual Secchi depth transparency (m). 

 

1.2.1 Health issues of eutrophication 

The majority of health issues surrounding eutrophication involve the proliferation of 

algae.  One such example is the closure of a number of bathing sites in Sweden because 
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of mass occurrences of the flagellate Gonyostomum semen, which causes skin irritations 

and allergies (Cronberg et al., 1988).  However, it is the blue-green (cyanobacterial) 

algae that are of major primary concern.  Although not pathogenic themselves, they 

produce cyanotoxins which can cause a number health issues.   

 

Approximately 50 species of cyanobacteria have been found to produce chemicals of 

varying toxicity, which can cause a range of symptoms from skin irritation to cardiac 

arrest.  Cyanotoxins (called microcystins) are found either free in the water where the 

bloom occurs, or bound to the algal or cyanobacterial cell.  These toxins have the 

potential to cause waterborne disease when ingested, and water contact disease through 

recreational exposure (Volterra et al, 2002).  Microcystin toxicity, as with most toxins, 

is cumulative: a single oral dose results in no increase in liver weight (an indication of 

liver damage), but the same dose consumed daily over a week can cause an increase in 

liver weight of 84% and thus have the same effect as a single oral dose 16 times as 

large. 

 

One of the biggest concerns for human health is the formation of surface scums.  Cells 

or colonies of cyanobacteria float to the water surface and are driven by wind to leeward 

shores and bays.  The ensuing scum can become thick and dense, with cells commonly 

concentrated by a factor of 1000 or more.  In acute cases, the concentration of cells can 

reach one-million fold and have a gelatinous consistency (Bartram and Rees, 2000).   

 

Carmichael (1994) observes that there are many documented cases of domestic and wild 

animals dying due to contamination by cyanobacteria all over the world (primarily due 

to the ingestion of scum material that has accumulated on their fur and subsequently 

been swallowed whilst grooming, e.g. in Rutland Water, UK, 1989).  Reports of 

incidences on humans are comparatively few, most likely because it is highly unlikely 

that anyone would consider eating such an aesthetically offensive substance (Bartram 

and Rees, 2000).  The toxicity of a cyanobacterial production is not constant in time or 

space and so it is difficult to assess any threat to human health. 

 

1.3 PHYTOPLANKTON 

Algal blooms can be the result of seasonal processes (Goldman and Horne, 1983) and 

natural (e.g. up-welling) (Moita, 1993) or cultural eutrophication (Henderson – Sellers 
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and Markland, 1989; Hallegraeff, 1995).  Thompson and Rhee (1992) defined cultural 

eutrophication as ‘the increase in nutrient concentration in any aquatic ecosystem, 

resulting in the degradation of its quality, as the product of human activities’.  The 

consequences have different intensities, depending upon the available quantities of 

nutrient, the ratios between them and where they end up (Morais et al, 2003).  Ketchum 

(1983) observed that the impacts of these processes are especially challenging in 

restricted places and/or with reduced water renewal, such as lakes, lagoons, rivers, and 

inland seas. 

 

1.3.1 Factors affecting phytoplankton development 

The major determinants of phytoplankton proliferation and composition include the 

availability of nutrient, light and mixing conditions, the water residence time and 

temperature.  In addition, chlorophyll a biomass levels and composition may be further 

modified by grazing by zooplankton (Reynolds, 1984; Moss, 1988; Lawrence et al., 

2000).  These factors are expressed in the following equation (Moss, 1998): 

 

Population growth = dN/dt = bN – (vN + gN + wN) 

 

Where, N = population 

 b = growth rate 

 v = sedimentation loss rate 

 g = grazing loss rate 

 w = flushing out loss rate 

 

For a net increase in the population, growth rate must be greater than the rates of loss by 

sedimentation, grazing and flushing out of the water body (b>v+g+w) (Moss, 1998).   

 

Morais et al (2003) observe that phytoplankton dynamics can be determined by bottom-

up and/or top-down factors.  Bottom up factors control species growth due to resource 

limitation (e.g. light intensity, temperature, salinity, availability of nutrients, its ratios 

and chemical form) – limitation by factors lower in the food web.  Conversely, top-

down factors control its biomass (e.g. grazing, predation, viral lyses and parasitism – 

limitation by factors higher up in the food web.  Elliot and de Jonge (2002) observe that: 
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“The actual and potential problems of nutrients of eutrophication can be defined 

and considered with reference to ‘symptoms of ecosystem pathology’ as the 

primary and secondary symptoms of change”. 

 

Elliot and de Jonge (2002) have produced a conceptual model of cause and effect and to 

show common as well as site specific responses, both according to geographical scale 

(extent of effects) and duration.  The model can be seen to link bottom-up causes versus 

top-down outcome (figure 1.1 a and b). 

 14
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Figure 1.1 (a) Conceptual model: bottom up causes and process for nutrient effects.  (b) 

Conceptual model: top-down responses for nutrient effects and eutrophication (Elliot 

and de Jonge, 2002). 

 

1.3.1.1 Physical conditions 

One of most important factors affecting phytoplankton production is the amount of light 

available for photosynthesis (Henderson-Sellers and Markland, 1987).  Like all plants, 

phytoplankton utilise a pigment called chl. a to photosynthesise.  Algal biomass is 

calculated by of the amount of chl. a found in any given community.  An expansion in 

 15
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phytoplankton population results in an increase in the concentration of chl. a (Moss, 

1998).   

 

The balance between respiration and photosynthesis by phytoplankton is another main 

issue that affects growth rates.  Where the energy need for respiration is more than that 

produced by photosynthesis, there will be a reduction in the phytoplankton community.  

Similarly, where there is an excess of energy produced from photosynthesis once 

respiration demands are met, the population will grow (Moss, 1998).   

 
The photon density flux describes the total amount of energy entering the system from 

irradiation. These units are measured in µmol-2s-1 and surface values can range from 

zero in the polar winter to approx 2400µmol-2s-1 at the equator (Moss, 1998).   At 

approximately 10µmol-2s-1, the energy provided by gross photosynthesis is equal to the 

respiration needs of the algal cell.  Here net photosynthesis is at zero and no new 

phytoplankton production can occur.   The euphotic depth is where the photon-flux 

density decreases to10µmol-2s-1 in the water column and light penetration is less than 

1% of that at the surface.   

 

The water above this layer is known as the euphotic zone and it is where net 

photosynthesis takes place and will change to some degree seasonally.  The maximum 

depth for this zone is approx 200m and is limited by the absorption properties of the 

water.  Figure 1.2 shows the relationship between euphotic depths and the mixing depth 

(the depth at which algal cells can be carried by currents) and the effect they have on 

respiration and photosynthesis. 

 16



NUTRIENT ENRICHMENT, ALGAL BLOOMS AND THE RECRATIONAL POTENTIAL OF POOLE PARK LAKE     

 
Figure 1.2 Relationships between euphotic depths and mixing depths in lakes.  If the 

phytoplankton is mixed so deeply (to Zm) that their respiration (R) is the water column 

is greater than the photosynthesis (P) it can carry out in the highlighted part of it (to 

Zeu), the population will decline.  Where mixing is less deep compared with the 

euphotic depth, respiration and photosynthesis may balance and, at lesser mixing 

depths, net growth will be possible.  The shaded areas show the extents of 

photosynthesis (curvilinear area) and respiration (rectangular area) (Moss, 1998). 

 

1.3.1.2 Nutrient availability 

In addition to adequate light, phytoplankton also requires nutrients.  There are 

approximately 20 elements required by phytoplankton (table 1.2), of these, carbon, 

phosphorous and nitrogen are the most important, as they are the most likely to limit the 

growth of phytoplankton (Moss, 1998).  This is because both unicellular algae and 

benthic plants use light energy to fix carbon (C) and combine it with other elements, 

primarily nitrogen (N) and phosphorous (P) at comparatively constant stoichiometric 

ratios (Kirk, 1994).  The ratio of C/N/P of unicellular algae are usually around 106:16:1, 

a ratio called the Redfield ratio (Redfield et al., 1963).  

 

In addition, a large amount of silicon is used in the construction of chrysophyta and 

diatom cells and is therefore essential for the development of these species (Reynolds, 

1984).  In freshwater systems phosphorus is usually the limiting nutrient; with the 

exception of silicon, which may limit diatoms forming spring blooms (Holmes, 2000a).  
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Nutrients are obtained external to the cell, entering phytoplankton cells by mechanisms 

of active transport, since concentrations outside the cell are considerably lower than 

within (Reynolds, 1984; Moss, 1998).   

 

Table 1.2 The 20 elements required by phytoplankton (and other plants) for growth.  

The term ‘macronutrients’ refers to the 11 elements which on average makes up ≤ 0.1% 

of the ash-free dry weight of algae tissue.  ‘Micronutrients’ make up the remainder, and 

are required to be present in traces (often < 0.1% by weight).  However, they are no less 

essential for the functioning of a healthy cell. 

Macronutrients Micronutrients  

Hydrogen (H) Iron (Fe) 

Nitrogen (N) Manganese (Mn) 

Phosphorous (P) Copper (Cu) 

Sulphur (S) Zinc (Zn) 

Potassium (K) Boron (B) 

Magnesium (Mg) Silicon (Si) 

Calcium (Ca) Molybdenum (Mo) 

Sodium (Na) Vanadium (V) 

Chloride (Cl) Cobalt (Co) 

 

Nitrogen is used in the synthesis of amino acids and proteins in living organisms (Moss 

et al, 1996).  It enters water bodies via a number of environmental pathways, such as 

leachate from soils, as run-off from animal feedlots and from untreated or biologically-

treated sewage, unless treatment includes nitrification and denitrification (WHO, 1999).   

Inorganic dissolved nitrogen is available to phytoplankton in the form of nitrate (NO3
-), 

nitrite (NO2
-) and ammonium ions (e.g. ammonia NH4

+) (Reynolds, 1984; WHO, 1999).  

Ammonia is soluble in water, but is not stable in most environments.  It is easily 

transformed to nitrate in waters containing oxygen and can be converted to nitrogen gas 

in waters that are low in oxygen.  Nitrate is highly soluble in water and is stable over a 

wide range of environmental conditions.  It is readily transported in ground water and 

streams (Mueller and Helsel, 1996).  In addition, algae can take up dissolved organic 

nitrogenous compounds such as urea, free amino acids and peptides (Reynolds, 1984).   

 18
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The relevance of nitrogen to the limitation of cyanobacteria is under debate, as a 

number of these taxa have the ability to compensate for its deficiency by fixing 

atmospheric nitrogen at rates of up to 175 kg ha-1a-1 (Rönicke, 1986).  The WHO (1999) 

proposed that the lack of dissolved inorganic nitrogen may actually support the 

dominance of such species as Anabaena and Aphanizomenon. Conversely, these taxa 

also occur under conditions of surplus inorganic nitrogen (Reynolds, 1984).  However, 

it is important to note that a large amount of light energy is required for the process of 

nitrogen fixation, and it will not be effective in very turbid waters (as is the case during 

impenetrable algal blooms) (WHO, 1999).  Therefore, the Redfield ratio can be used to 

estimate the maximum amount of biomass that can grow in a given water body, in 

addition to the biomass already present, on the basis of the concentrations of dissolved 

inorganic nitrogen (Reynolds, 1984; and Moss, 1999).  The majority of marine systems 

are nitrogen limited (Balkis, 2003). 

The Environment Agency (2000) states that “concentrations of phosphate above 0.1mg 

l-1 may lead to eutrophication, depending on other conditions”.  Algal biomass only 

requires approx one seventh of the amount of phosphorus as it requires of nitrogen 

(Reynolds, 1984).  In freshwater ecosystems, phosphorus is often in shortest supply and 

is depleted first as the algae develop. As a result, the amount of phosphorus that is 

available to the phytoplankton will determine the maximum algal concentration that can 

form (Clark, 1996; Moss, 1998).  In addition, the influence of land and rivers can shift 

nutrient limitation in coastal areas and estuaries to phosphorous (Jochem, 2002).  This is 

because the relative proportions of biologically available phosphorous in the water are 

often less than the comparative proportions of the element in phytoplankton, compared 

to other elements.  A rise in phosphorous therefore leads to increased productivity 

(Clark, 1996).   

 

Phosphorous is biologically available as phosphate, adsorbing to soil particles more 

effectively than nitrate (WHO, 1999).  Therefore, surface run-off from land areas and 

erosion are the main ways that phosphate finds its way into water bodies (Moss, 1998).  

In addition, phosphorous can also enter water bodies via untreated and biologically 

treated waters, as further steps in the treatment process are needed to remove it.   

 

 19



NUTRIENT ENRICHMENT, ALGAL BLOOMS AND THE RECRATIONAL POTENTIAL OF POOLE PARK LAKE     

Cyanobacteria and a number of other algae have developed the ability to store 

phosphate (known as luxury uptake) (Holmes, 2000a).   This mechanism enables them 

to store phosphate for 3-4 cell divisions.  As a result, one cell can multiply into 8-16 

cells without the need for any further phosphate uptake, and biomass can increase by a 

factor of 10 or more even when dissolved phosphate is completely used up.   For this 

reason, the amount of chl. a biomass that can grow in addition to the algal biomass 

present cannot be predicted from the concentrations of dissolved phosphate (WHO, 

1999). 

 

Total organic carbon provides a measure of the dissolved and particulate organic carbon 

matter in water.  The majority of organic carbon in water comprises humic substances 

and partly degraded plant and animal materials (RISC, 1998).  Dissolved organic carbon 

exerts an oxygen demand in water, often is in the form of toxic substances, and is a 

general indicator of water pollution (Manahan, 2000).  The TOC of natural waters 

varies from 1-30mg l-1 (RISC, 1998). 

 

1.3.2 Phytoplankton succession 

As aforementioned, there are a number of factors that influence the composition of the 

algal community of a lake.  As a result, the general composition of phytoplankton 

communities in stratified freshwater lakes reflects: 

 

1. “The seasonal changes that occur in mixing conditions: 

• turbulent conditions with elevated inflows in early spring; 

• thermal stratification over late spring through summer; 

2. Potential reduction in available light as a result of shelf-shading of algal 

growth; 

3. Potential depletion in one or other nutrients to limiting levels; and 

4. Build up of zooplankton populations (grazing of phytoplankton).” 

(Lawrence et al., 

2000). 

 

Within a phytoplankton community, numerous different species coexist and interact 

with one another (Holmes, 2000b).  The law of competitive exclusion proposes that 

when two groups are competing for the same resources in a moderately stable 
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environment, one species will dominate as the superior contender for a key resource.  In 

spite of this, often two or more co-dominant species are found in phytoplankton 

communities (Reynolds, 1984). 

 

Often, the first algal types to increase in concentration in early spring are the diatoms 

(Reynolds, 1984), followed by green algae, then cyanobacteria (blue-green algae) in the 

summer and finally diatoms or dinoflagellates (see figure 1.3) (Holmes, 2000b; WOW, 

2004).  During the autumn temperature stratification breaks down, resulting in the 

reappearance of some of these populations, before the chl. a biomass decreases to low 

levels through winter (Lawrence et al., 2000).  Although this general pattern is 

frequently observed, it can be altered significantly depending on the physical and 

chemical traits of a particular water body (Holmes, 2000b).  

 

 
Figure 1.3 Typical seasonal succession of phytoplankton populations. Some species 

thrive for a period of time and then give way to other species more compatible with 

changed conditions, such as warmer water, more daylight, or lower concentrations of 

nutrients (WOW, 2004). 

 

Schultz (2003b) attributes the formation of cyanobacterial blooms to several factors: 

• Small populations are maintained during winter, standing by for increased light 

levels during spring; 

• They posses the ability to alter buoyancy and are therefore able to float to the 

surface when the water is turbid in spring; 

• Ability to outshade competing algae; and  

• Because they float, they are able to travel to different areas of water where 

concentrations of nutrients may be higher. 
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From studies at Lake Windermere, Reynolds (1984) has deduced a number of 

observations regarding seasonal periodicies of phytoplankton: 

1. In any given lake, seasonal variation in species composition and abundance 

fluctuates in a constant manner, from year to year, provided the system is not 

disturbed.  Holmes (2000b) notes that the population is made up of perennial 

species (holoplankton), which are present all year round and sporadic species 

(meroplankton), which during resting phases going into diapauses.   

2. Levels of high and low biomass production occur at around the same time in 

successive years. 

3. The same species are prominent during corresponding stages of the annual cycle.  

Exact timings fluctuate; individual species vary from year to year, such that at 

any given point the dominant species will not always be the same. 

 

However, Lake Windemere is relatively deep (up to 64 m), with spatial differentiation 

in mixing regimes.  It would be interesting if the same observations are true of the 

phytoplankton of shallow lakes. 

 

Lawrence et al. (2000) have identified that different forms of the same nutrient may also 

have significant effects on the composition of phytoplankton communities.  When the 

physical environment is stable and suitable for the growth of cyanobacteria their 

occurrence is influenced by the forms of nitrogen available.  As mentioned in section 

1.3.1.2, nitrogen fixing taxa are at an advantage when nitrogen limitation occurs.  When 

nitrogen is in limiting concentrations, but is present as nitrate, then green algae appear 

to have an advantage.  However, when nitrogen is limiting in the surface waters, but 

present as ammonia in the deeper anoxic layers, then colonial cyanobacteria like 

Microcystis tend to dominate.  These subtle effects on phytoplankton species 

composition of relative nutrient levels and the relative concentrations of different forms 

of the same nutrient are still not well understood.  Table 1.3 summarises factors 

determing algal compostion. 

 

Table 1.3 Summary of factors determining phytoplankton composition (Lawrence et 

al., 2000). 

Nutrient environment Mixing conditions in the surface mixed layer 
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 High Moderate Low 

High Si, High P, High N Diatoms  

(high biomass) 

Greens  

(high biomass)  

Blue-greens 

Low Si, Low P, Limiting N Diatoms 

(low biomass) 

Greens 

(low biomass) 

Blue-greens 
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1.3.3 Cyanobacteria 

The most commonly observed cyanobacteria genera in European freshwater blooms are 

Microcystis, Anabaena, Aphanizomenon, Planktothrix (formerly Oscillatoria), 

Nudularia and Nostoc (Volterra et al., 2002).  Of all the phytoplankton species, 

cyanobacteria are the slowest to grow and require long retention times, making large 

lakes and reservoirs the ideal habitat to grow.   They are also the best at adapting to 

high-turbidity and low light conditions (Schultz, 2003b).  The rupture of the cell, either 

by decay or the action of algaecides, releases cyanotoxins, although passive release also 

occurs (Tarczynska et al., 1990).  Despite their resilience, the toxins normally break 

down naturally within 3 weeks, although they have the potential to persist for months or 

even years in low light or dark conditions. 

 

Although Poole Park Lake (the subject of this study) is predominantly saline in the 

summer months, it is subject to cyanobacterial algal blooms, genus Planktothrix 

(formerly Oscillatoria), which is a freshwater alga.  Paerl (1996) notes that such blooms 

are indicative of increasing eutrophication in freshwater and estuarine ecosystems.  

However, in full salinity ecosystems, it appears that blooms are more closely controlled 

by physical rather than trophic conditions.   Freshwater and estuarine blooms are often 

triggered and exacerbated by: 

• Excessive nutrients (N and P loading); 

• High surface water temperatures (>20°C); 

• Persistent water column stratification; 

• Altered (increased) water residence time; and 

• Enrichment of organic matter. 

 

Paerl (1996) also states that physical-chemical forcing characteristics can act 

synergistically to encourage or prevent bloom potential.  The following factors 

specifically favour cynobacteria blooms: 

• Low dissolved inorganic carbon (especially in freshwater); 

• Low total and dissolved N:P ratios; 

• Close physical and metabolic coupling between sediments and water column; 

• Increased water residence time; and  

• Warm, high irradiance, long day length. 
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1. 4 UNUSUAL WATER BODIES 

1.4.1 Coastal lagoons 

Coastal lagoons are defined as areas of shallow, coastal saline water, wholly or partially 

separated from the sea by sandbanks, shingle or, less frequently, rocks (Brown et al., 

1997) and can vary in salinity from brackish (due to dilution of seawater by rivers 

and/or groundwater) to hypersaline (owing to evaporation) (Lerman et al., 1995).   

Lagoons may contain a range of substrata, but most commonly include soft sediments 

(Johnston and Gilliland, 2000).  The plant and animal communities of lagoons differ 

according to the physical characteristics and salinity regime of the lagoon, and as a 

result there are significant differences between sites (JNCC, 2004).  Although, 

compared to other marine habitats, there is generally only a restricted range of species 

present, which are especially adapted to the shifting salinity regimes of lagoons and 

some are exclusive to lagoon habitats (Lerman et al., 1995).   

 

Five main sub-types of coastal lagoons have been identified in the UK, based on their 

physiography, and have been used in identifying and designating statutory sites 

including SACs and SSSIs (Johnston and Gilliland, 2000): 

• Isolated lagoons; 

• Percolated lagoons; 

• Silled lagoons; 

• Sluiced lagoons; and 

• Lagoonal inlets. 

 

Poole Park Lake could be classified as a ‘sluiced lagoon’, which is formed where the 

natural movement of water between the lagoon and sea is modified by artificial 

structures, such as a channel under a road or valved sluices (Johnston and Gilliland, 

2000).  The plant and animal communities present in such lagoons differ according to 

the type of substrate and salinity, however, but may be dominated by filamentous green 

algae, including colonies of charophytes (a species of freshwater phytoplankton) 

(JNCC, 2004).  There are several examples of sluiced lagoons in the UK, mostly on the 

south coast (Solent and Isle of Wight) and in Scotland (Loch nam Madadh).  Gilkicker 

Lagoon in the Solent, UK is a sluiced lagoon with marked seasonal salinity fluctuation; 

it supports a high species diversity, including five nationally rare invertebrates and one 
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nationally rare charophyte (Havant BC, 1997) and has been designated as a sight of 

special scientific interest (SSSI) (Johnston and Gilliland, 2000).   

 

1.4.2 Saline lakes 

Saline lakes make up approximately half the water volume in the world’s lakes, and 

may be divided into two categories – primarily or secondarily saline.  Those which are 

primarily saline (or endorheic) usually lie in endorheic basins and are generally 

restricted to semiarid (precipitation = 20-50 cm yr-1) and arid (precipitation = 2.5-20 cm 

yr-1) areas, where the net inflow is low and loss to solar evaporation high.  This process 

often leads to the concentration of salts and other minerals in the lake causing salinity 

equal to or greater than 3,000 mg l-1 (Schultz, 2003a).  They tend to have extremely 

high nutrient levels, low oxygen due to very high levels of respiration and low dissolved 

oxygen solubility in salt water.  Endorheic lakes exhibit a unique fauna and flora; 

almost all species in saline lakes are derived from freshwater, not marine species.  As 

salinity increases, numbers of species of phytoplankton, zooplankton and benthos 

decrease.  The few species that are present, are often in high densities and very 

productive (Schultz, 2003a).  Examples of such lakes include the Aral Sea in Central 

Asia, the Dead Sea in the Middle East, and the Great Salt Lake in the US.   

 

Secondarily saline (or brackish) lakes are so due to the “introduction and dilution of 

seawater into otherwise freshwater systems” (Moss, 1994) and differ from endorheic 

lakes in a number of ways.  They have a salinity of more than 500 mg l-1, but less than 

3,000 mg l-1, compared to freshwater lakes, which tend to have a salinity of less than 

500 mg l-1 (Schultz, 2003a).  Salt water penetrates these lakes via tidal rivers or by 

percolation through permeable rock positioned between the basin and the coast.   Unlike 

endorheic lakes they are not restricted to arid areas and therefore may possess a 

comparatively stable ionic structure and concentration (Lerman et al., 1995).  Horsey 

Mere, which lies in the Norfolk Broads, is an example of such a lake.  In addition, there 

is a small group of secondary lakes which form due to the dissolution of evaporate 

deposits from ancient endorheic lakes, the ‘flashes’ in North Cheshire, UK are an 

example of this kind (Moss, 1994).   
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1.4.3 Estuaries 

Estuaries form where freshwater drainages meet the sea, or as semi-enclosed coastal 

bays in which freshwater derived from land drainage and seawater from the ocean mix 

(NSW DLWC, 2000).  They are very productive systems, receiving allochtonous input 

from rivers and land, phytoplankton provides autochthonous.  The most important 

characteristic of estuaries is their salinity; nowhere is variation in salinity more 

pronounced than in estuaries (Shultz, 2003a).  The variability of salinity is horizontal, 

vertical and seasonal and is caused by: 

• Amount of freshwater input; 

• Evaporation; 

• Vertical variability (due to density differences) 

• Tides and periodic events; and 

• The Coriolis effect (where salt water flowing into the estuary is displaced). 

Estuaries tend to have a high concentration of dissolved oxygen due to mixing (Lerman 

et al., 1995).  However, this varies between the salt and freshwater layers due to 

salinity, temperature and exposure to the atmosphere (Schultz, 2003a).  In addition, 

anoxic conditions can occur where oxygen is depleted in the muddy substrates.  Shultz 

(2003a) stated that there is less species diversity than in adjacent marine and freshwater 

habitats.   Shultz (2003a) observed a reduced number of phytoplankton, their 

composition and biomass depending up the turbulence, turbidity and flushing rate of the 

water. 

1.4.4 Shallow freshwater lakes 

Unlike deep lakes, shallow lakes tend not to stratify and are more likely to be mixed – 

the same from top to bottom (Michaud, 1994).  The water is well mixed by wind, and 

physical characteristics such as temperature and oxygen vary little with depth.  Because 

sunlight reaches all the way to the lake bottom, photosynthesis and growth occur 

throughout the water column (Moss, 1998).  Decomposition in a shallow lake, as in a 

deep lake, is greater near the bottom than the top for the simple reason that when plants 

and animals die they sink.  It also is probable that a larger fraction of the water in a 

shallow lake is influenced by sunlight, and that photosynthesis and growth are 

proportionately higher than in a deep lake (Michaud, 1994). 
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1.5 EUTROPHICATION MANAGEMENT PRACTICES 

Mason (1996) has observed that restoration methods of eutrophicated lakes can be 

divided into two classes: 

1. Reduction of external loading of nutrients; and 

2. Manipulations within the lake ecosystem. 

 

1.5.1 Reduction in external loading 

A major cause of eutrophication is the discharge of sewage, rich in nutrients and animal 

wastes, into watercourses and lakes, while detergents are usually the most important 

source of phosphorus in waste waters (Mason, 1996).   Algal proliferation requires an 

increase in both nitrogen and phosphorus, because even if phosphorus is currently 

limiting the potential growth of the phytoplankton, the nitrogen supply is usually not 

greatly in excess of algal requirement (Moss, 1996).   However, the reduction of chl. a 

biomass should require a decrease in only one nutrient.   Phosphorus is easier to control, 

nitrogen less easy as its compounds are very soluble, entering water bodies from many 

diffuse sources.  In addition to this, there is a potential, but uncontrollable supply from 

the atmosphere through nitrogen-fixers (e.g. cyanobacteria).  Conversely, phosphorus is 

readily precipitated, entering on the whole from a relatively few ‘point’ sources – large 

stock units and wastewater treatment works – and has no atmospheric reserve (Moss, 

1996).  Therefore, it is usual to try and control phosphorus. 

 

Approximately only 5-15% of nutrients are removed by primary sewage treatment, and 

secondary treatment 30-50%, so that it is necessary to use tertiary treatment to remove 

the bulk of phosphorus present within wastewater.  Treatment may involve chemical, 

physical or biological removal (Mason, 1996).   

 

Lake Washington, United States showed a fast response to nutrient reduction.   In the 

early 19th Century, raw sewage was disposed of directly into Lake Washington, through 

30 outfalls.  Of the total input of phosphorus to the lake, sewage was responsible for 

56% of it.  It was decided to divert the bulk of the sewage to the Puget Sound, whilst 

improving the quality of the effluent flowing to the Sound to reduce pollution there.  

The project commenced in March 1963 and by March 1967, 99% of the sewage had 

been diverted.  Winter phosphate concentration levels fell dramatically after 1965 and 

chl. a biomass had fallen to 20% in 1970 from levels recorded in 1963. 
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Cullen and Forsberg (1988) (in Mason, 1996) have recognised three main types of lake 

response to external phosphorus load reduction: 

1. A reduction in lake phosphorus and chl. a levels adequate to change the trophic 

category of the water, e.g. from hypertrophic to eutrophic or eutrophic to 

mesotrophic.   

2. A drop in lake phosphorus and chl. a concentration which is insufficient to 

change the trophic status, although the lake becomes less eutrophic. 

3. A decrease in lake phosphorus resulting in little or no reduction in chl. a or algal 

biomass, although nuisance species may be reduced. 

 

1.5.2 Manipulations within the ecosystem 

1.5.2.1 Aeration 

Oxygen depletion occurs in the hypolimnion of stratified lakes and can cause fish 

mortality.  In addition, anaerobic conditions at the surface of lake sediment result in the 

liberation of phosphate, which then becomes available to phytoplankton at overturn, this 

results in increased photosynthesis and more organic matter to use up oxygen further in 

the hypolimnion.  Aeration can break this cycle.  By destratifying the lake, turbulence 

increases, which may affect the ability of the algae to grow, especially the nuisance 

cyanobacteria (Mason, 1996).  Henderson-Sellers and Markland (1987) describe 

destratification and re-aeration methods in more detail. 

 

1.5.2.2 Treating sediments 

One of the biggest problems to occur after external phosphorus is reduced, is an internal 

loading of phosphorus from the sediments.  There is usually a net flow of phosphorus to 

the sediments, but low oxygen conditions cause a release of the nutrient (Mason, 1996).  

In addition, aerobic release may also occur, possibly dependent on desorption of 

phosphorus from inorganic compounds and the mineralisation of phosphorus associated 

with organic material, especially where sediments are in contact with overlying water, 

which is low in orthophosphate (Mason, 1996).  Phillips et al. (1994) observed that 

internal phosphorus loading of the Norfolk Broads have been recorded as high as 278 

mg P m-2d-1. 
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Chemically sealing nutrients is one approach to preventing the release of phosphorus 

from sediments.  An example of such a project is Foxcote Reservoir, England, which is 

highly eutrophicated and from time to time the water has been untreatable for up to six 

months of the year.  After treating the reservoir with ferric sulphate, the soluble reactive 

phosphorus in the water fell from 0.025 mg l-1 to 0.001 mg l-1.  A layer of ferric 

hydroxide floc (1 cm thick) formed over the reservoir sediment, which acted like a 

barrier for phosphorus release (Redshaw, 1983; in Mason, 1996).  This rapid reduction 

in the phosphorus loading switched the reservoir from phytoplankton dominated to 

macrophyte dominated (Mason, 1996). 

 

Sediment removal is an expensive alternative to sealing sediments.  It removes the 

internal source of phophorus, whilst also deepening the lake (Mason, 1996).  Moss et al. 

(1996) advise that sediment removal should be delayed until all other avenues of 

restoration (nutrient control, biomanipulation and plant establishment) have failed, due 

to the excessive costs involved. 

 

Cockshoot Broad, one of the lakes in the Norfolk Broads system had sediment removed.  

This resulted in a fall in phytoplankton growth, clearer water and a diverse assemblage 

of aquatic plants developed in part of the Broad, though, this may have also been due, in 

part, to the removal of planktivorous fish.  However, the majority of the open water has 

not been colonised by plants, despite relatively low phosphorus concentration and the 

absence of release from the sediments.  This restoration has only been partially 

successful; this has been attributed to a combination of factors (Mason, 1996): 

• Lack of sufficient source material of macrophytes; 

• Excessive grazing by Coots; or 

• Phytoplankton still at sufficiently high density to prevent sufficient light 

penetration to the bottom of the lake (Phillips, 1992). 

 

Other methods used to put a stop to nutrient recycling or to speed up the out flow of 

nutrients have included: 

• Sealing lake bottoms with polythene sheeting; 

• Selectively discharging hypolimnetic water in water supply reservoirs; 

• Diluting and/or flushing with water from an oligotrophic source; and 

• Removing nutrient-rich macrophytes, algae or fish (biotic harvesting). 
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(Mason, 

1996). 

 

In addition, barley straw has also been used successfully to reduce the proliferation of 

filamentous and planktonic algae.  Although the process is not fully understood, it 

appears that hydrogen peroxide is formed as a result of chemicals released by the barley 

straw, which react with oxygen.  Low levels of hydrogen peroxide are known to inhibit 

the growth of algae (Ball et al., 2000). 

 

1.5.2.3 Biomanipulation  

Moss (1992) defines biomanipulation as “the manipulation of the food web of aquatic 

ecosystems to increase the numbers of grazers on algae”.  It can be used to recreate the 

complex community to control algal proliferation once phosphorus reduction has been 

achieved (Mason, 1996).   

 

An example of a eutrophicated shallow lake, which has undergone restoration using 

biomanipulation, is Lake Wolderwijd, The Netherlands.  The Lake is 2,700 ha, with an 

average depth of 1.5 m.  It was created in 1968 to take drainage water for subsequent 

controlled release into the sea.  It has been eutrophicated since 1970, with Secchi depths 

of 25 cm, high total phosphorus concentrations of around 100 – 200 µg l-1 and chl. a 

levels in summer of around 200 µg l-1.  The aim of the project was to restore clear water 

and to demonstrate that it was possible to do this using biomanipulation (Moss et al., 

1996). 

 

The initial fish stock was reduced from 200kg per ha to 45kg per ha from 1990 to June 

1991.  This saw 425 tonnes of fish removed, primarily bream, roach and ruffe.  In May 

1991, 575,000 small pike (3-4cm length) were added with the aim of controlling the 

young-of-the-year of the remaining fish.  The stocks of zooplanktivorous fish was 

reduced from 87 to 20 kg per ha.  The ratio of piscivorous fish to zooplanktivorous fish 

was increased from 1:50 to 1:10.  No nutrient control was attempted. 

 

These measures led to: 

• Very clear water with abundant Daphnia in May 1999 (the same occurred at this 

time of year prior to biomanipulation); 
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• Total phosphorus concentrations dropped from 140 µg l-1  in 1990 to 70 µg l-1 in 

1991; 

• Similar reduction in total nitrogen (2.2 µg l-1  to 1.3 µg l-1); 

• Reduction in proportion of blue-green algae, although they were still 

predominant in the phytoplankton community; and 

• Increase in fish biomass from 45 kg per ha to 115 kg per ha in the summer of 

1991. 

 

1.5.2.4 Re-establishment of plants 

The ultimate goal of lake restoration is to restore aquatic plant communities, as they 

provide refuge for fish and Daphinia. Moss et al. (1996) have observed that the 

“restoration of permanent clear water needs re-establishment of submerged and floating 

leaved aquatic plant communities.”  Re-establishment of plants may happen naturally if 

the switch to turbid conditions occurred not to long previously and seeds and other 

propagules are still present.  The expense of artificially reintroducing plants once the 

original aquatic plant communities have disappeared can be very costly.   

 

1.5.3 Success of lake restoration techniques 

Lake restoration can be successful, especially where phophorus loading is reduced and 

followed by biomanipulation.   Biomanipulation is most likely to be successful in 

shallow waters, where macrophytes are a main constituent of the ecosystem, or in 

artificial water bodies where fish removal is a feasible and acceptable option.  Mason 

(1996) has noted the restoration of each lake must be done on a case by case basis and 

that each water body will require its own prescription, so that a comprehensive 

limnological study is always required.  In addition, he adds that financial and political 

backing is essential.  There are numerous examples of restoration attempts that have 

only been marginally successful (e.g. Alderfen Broad (Mason, 1996); Lake Wolderwijd 

and Zwemlust (Moss, 1996).  Mason (1996) has attributed this to lack of imagination 

and the way that such schemes are approved by the authorities after drawn out public 

campaigns. 

 

1.6 RATIONALE FOR STUDY 

The desk top study has revealed that there is a great deal of information covering 

eutrophication and its health effects.  Indeed, the management of freshwater lakes with 
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regard to this problem are also well documented.  However, there appears to be a lack of 

direct literature with regards to the management of unusual water bodies and their 

response to increased nutrient input and algal proliferation.   

 

The unique characteristics of Poole Park Lake (see section 2) could provide an ideal 

case study to test the practical application of aforementioned water management 

techniques and strategies.  However, before this can be achieved, a baseline study is 

required to assess the water quality and identify the management needs required to 

improve the recreational potential of the lake. 

 

1.7 PROJECT AIMS AND OBJECTIVES 

The main aim of this project is to look at: 

Nutrient enrichment, algal blooms and the recreational potential of Poole Park Lake. 

 

This is to be done in collaboration with the Borough of Poole Leisure Services 

Department, using the following objectives: 

• Determine the water quality of Poole Park Lake (to determine what nutrients are 

present and their concentrations); 

• Advise on whether such nutrients and the presence of algae may be harmful to 

human health; and 

• Recommend what measures might be implemented to reduce algal growth, thus 

reducing the need for ‘flushing’, which currently puts the Lake out of action for 

3 days for the months May to October. 
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2. THE STUDY AREA 
2.1 POOLE PARK 

Poole Park is located to the east of Poole Town Centre, Dorset (see figure 2.1) on the 

northern shores of Poole Harbour and covers an area of 110 hectares, of which 

approximately 60 acres is water.  It was opened in 1890 by the then Prince of Wales.  

The main feature of Poole Park is an unusual man-made saltwater lake, Poole Park Lake 

which is approx. 55 hectares.  The Park is made up of a number of distinct landscape 

constituents which subdivide the area (see figure 2.2): 

1. The saltwater lake. 

2. The freshwater lakes and adjacent parkland. 

3. The Poole Park Annexe (adjacent to Copse Close). 

4. Parkland extending from Kingland Road along Parkstone Road as far as Middle 

Gates (Birds Hill Entrance), which is made up of an assortment of recreational 

areas, open space and the War Memorial Gardens. 

5. The railway embankment edge and neighbouring areas which border Whitecliff 

Road and Park Lake Road. 

 

 
Figure 2.1 Map showing the location of Poole Park (Multimap, 2004). 

 

The existing Park layout is, on the whole, as the Borough Surveyor laid out in 1888/89, 

mainly in respect of roads, footpaths and entrances.  The whole area is designated public 
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open space and falls under the sole control of Poole Borough Council (Borough of 

Poole, 1989).  Figure 5 depicts the layout of Poole Park. 

 

Poole Park Lake has traditionally been used for recreational boating and watersports, 

including rowing and sailing boats, windsurfing, canoeing and pedalos.  In addition, 

there is a model yacht enclosure located at the south-east corner of the Lake.   The Lake 

is also an important tourist attraction and home to numerous waterfowl.  Originally part 

of Poole Harbour (probably a salt marsh), the lake was severed from the Harbour when 

the Weymouth – London railway line was constructed in 1889, but is supplied with 

fresh seawater via a sluice gate below the track.   

 
Figure 2.2 Layout of Poole Park (Poole BC, 1989). 

 

2.2 THE PROBLEM 

Due to the growth of unsightly surface algae (probably due to a high nutrient content) 

the Lake is flushed with seawater as often as every two weeks during the summer (April 

– October) to control the problem.   The Lake had to be closed to recreational users for 

four successive years from 1995–98.  It was assumed that the problem had been solved, 

but it made an unwelcome return in the summer of 2003, despite continual efforts to 

flush it out (Vass, 2003).   
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The Borough of Poole Leisure Services Department has plans to develop the 

recreational potential of the lake; a new boathouse will be built along with a modern 

lakeside café and restaurant.  The proposed development serves as the impetus for this 

project, the council are looking to manage the eutrophication problems of the Lake, thus 

increasing its recreational potential. 

 

2.3 POOLE HARBOUR 

Poole Harbour is made up of a main basin containing several small islands and two 

subsidiary basins, Holes Bay and Lytchett Bay (see figure 2.3).  The waters of the main 

harbour are brackish, Dyrynda (2003) states that the salinity regime of the Harbour is 

generally more stable over the tidal cycle than is the case for a more typical estuary.  

The majority of the harbour is a wave-sheltered environment, however, shores in the 

north-eastern part that face the prevailing wind direction (south-westerly), are 

comparatively wave-exposed.  

 

 
Figure 2.3 Map of Poole Harbour showing the network of channels (Dyrynda, 2003).  

 

The harbour possesses an unusual double high tidal cycle which results in the tide being 

high for a larger part of the day than is normal for localities experiencing more typical 
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twice daily tidal cycles.  The tidal regime within the harbour is in essence microtidal, 

with a spring range of about 1.5 metres (figure 2.4). 

 

Figure 2.4 Spring and neap tidal cycles in Poole Harbour. The double high tide is most 

conspicuous during spring tides (from: Dyrynda, 2003).  
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3. METHODOLOGY 
3.1 SAMPLING SITE SELECTION 

Prior to undertaking any field sampling, it is important to define the objectives of the 

sampling programme (Gray, 1999).  Using guidance from Wilson (1974), which 

includes questions such as: what are the objectives of the programme and where and 

when are samples going to be taken, a sampling framework for the study site was 

devised. 

 

The objectives of this project have been discussed in section 1.7, as investigating the 

water quality of the lake (to determine what nutrients are present and their 

concentrations), advise on whether such nutrients and the present of algae may be 

harmful to human health and to recommend what measures might be implemented to 

reduce algal growth, thus reduce the need for flushing.  This was achieved by 

undertaking chemical sampling techniques, using equipment provided by the University 

of Southampton. 

 

The testing equipment available for the study determined how the samples were taken.  

It involved on-site testing using pH, dissolved oxygen, temperature and conductivity 

meters, as well as off-site testing to find out the concentrations of nutrients (total 

organic carbon, phosphate and nitrate), and chl. a biomass levels.  

 

3.1.1 Sample points 

Gray (1999) notes that “choosing the correct number and location of sampling points is 

critical if the necessary information is to be gained”.  A great deal of thought needs to 

be put into choosing sampling points, to ensure that they are representative of the true 

water quality.  However, it is also important to bear in mind the information that will be 

gained against the cost-effectiveness of the programme. 

 

The aim of the project is to look at the nutrients and algae over a six week period, 

during which time Poole Park Lake would have been flushed three times.  For this 

project a total of eighteen surveys where carried out, the first one featured eight sample 

points, six from points around the edge of the lake (some were close to discharge points 

into the lake) and one from the middle of the lake.  For the rest of the sampling 

programme the number of sampling points was reduced to six, due to efficiency and the 
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lack adequate transport to sample the centre of the lake (see table 3.1).  In addition, one 

sample point was located in Poole Harbour, the data obtained from this locality used to 

serve as a comparison to the results for the lake.  A map showing sample point localities 

can be found in appendix A. 

 

Table 3.1 Description of sample points. 

Sample point Locality Description 

1  Marina. • Continual input of freshwater from pipe (40 

cm diameter)  

• Discharges surface runoff water into lake 

• Receives road/carpark runoff 

• Waterfowl (including Canada Geese) in this 

area 

2 Whitecliff Road. • Local surface water sewage (freshwater) 

input from surface water drain (1 m 

diameter) 

• Receives road runoff 

3 Lake sluice gate. • Close to the sluice gate which provides 

seawater to the Lake 

• Poole BC has planted reed beds either side 

of the gate 

4 Poole Harbour 

(Whitecliff Bay). 

• Close to the harbour entrance of the sluice 

gate 

5 Bottom of Park 

Lake Road. 

• A number of surface (fresh) water drains 

(approx 30 cm diameter) are located along 

the bank of the lake between sample point 5 

and 6. 

• Canada Geese and other waterfowl 

congregate around this area. 

6 Corner of Park 

Lake Road and 

Kingland Road 

(close to park play 

• Many waterfowl gather around this area, 

grass on the lake bank is saturated with their 

faeces. 

• Freshwater discharge pipe located close to 

 39



NUTRIENT ENRICHMENT, ALGAL BLOOMS AND THE RECRATIONAL POTENTIAL OF POOLE PARK LAKE     

area). the sample point. 

7 Between Poole 

Park play area and 

marina. 

• Located close to a car park 

• Receives carpark/surface runoff from a 

discharge pipe located close to the sample 

point. 

8 Middle of Poole 

Park Lake 

• Sample point abandoned due to efficiency 

and safety. 

 

3.2 FIELD TECHNIQUES 

All of the water samples were collected using a grab technique from the sample points.  

A number of parameters for each sample were recorded using a selection of hand held 

instruments, including: 

• Temperature (°C) (LF 330/SET WTW Instruments, accuracy ± 0.5% of 

measured value); 

• Conductivity (Salinity) (mS/cm) (LF 323/SET WTW Instruments, accuracy ± 

0.5% of measured value); 

• Dissolved oxygen (mg/l) ((LF 330/SET WTW Instruments, accuracy ± 0.5% of 

measured value); 

• pH (pHep 3 microprocessor pH meter, accuracy ± 0.1 pH, standardised with pH 

4.0, 7.0 and 10.0 standard buffer solutions).   

 

Following this, a 2 litre volume of water was transferred into a washed, plastic 

container.  As the samples were processed (filtered and stored) within 24 hours of 

collection, a biological preservative was not added to these samples (Heathwaite and 

Johnes, 1996). 

 

In addition, field observations were recorded during visits to the sampling sites.  For 

example, any noticeable discharges into the lake or strong odours. 

 

3.3 LABORATORY PROCEDURES 

3.3.1 Inorganic nutrients 

It was decided that nitrate (NO3
-) and phosphate (PO4

-) would be sampled during this 

research and used as indicators of the trophic status of Poole Park Lake.  After 

collection, the water samples were transported back to the laboratory and 500ml of the 
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water was filtered through GF/F 47mm Milipore filters using a vacuum pump.  For 

nutrient analysis 20ml of the filtrate was transferred into clean labelled glass bottles and 

stored at -20°C. 

 

The inorganic nutrients were analysed using a PF-11 photometer and the appropriate 

reagents for nitrate and phosphate analysis.  Nitrate was analysed using the eco nitrate 

method (1-27mg/l NO3
-N) and phosphate using the visocolour phosphate (DEV) 

method (0.1-1.5mg/l PO4
-P).  The photometer accuracy was given by the supplier to be 

5%. 

 

3.3.2 Organic nutrients 

Due to time constraints total organic carbon (TOC) was analysed only for sample points 

1 and 2 for a selection of dates.  This was chosen as TOC is a general indicator of water 

pollution as it exerts an oxygen demand in water (Manahan, 2000).   

  

Total organic carbon (TOC) of each water sample was analysed using Rosemount 

Dohrmann DC-190 high temperature total organic carbon analyser. 
 

3.3.3 Suspended particulate matter 

In order to determine the suspended particulate matter, the water samples were shaken 

and a sample was immediately poured into a measuring cylinder ready for filtration, 

once returned to the laboratory.  Half a litre of the water sample was filtered through 

GF/F 47mm Milipore filters. 

 

Post filtration, the papers were placed into freezer proof containers, labelled and stored 

at -20°C.  Once all the samples had been collected, the filters were removed from the 

freezer and defrosted for analysis.  The filter papers were dried at 60°C overnight, with 

each paper triplicate weighed to ensure analytical accuracy (Arbuthnott, 2001). 

 

3.3.4 Chlorophyll a 

The concentration of chl. a was determined using a fluorometer.  Once collected, the 

water samples were transported back to the laboratory and 350ml of the water was 

filtered through 2 GF/C 25mm filters.  After filtration, the papers were placed into 

freezer proof containers, labelled and stored at -20°C.  Once all the samples had been 
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collected, the filters were removed from the freezer and defrosted for analysis.  The 

filters were extracted in 7ml of 90% acetone and a 10-AU fluorometer was used to 

measure fluorescence.  The fluorometer was calibrated using a pure chl. a standard 

solution (Sigma), the concentration of which was determined spectrophotometrically 

(Shaw and Purdie, 2001).   
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4. RESULTS 
Please see the following appendices for primary and secondary data: 

• Appendix A: Map showing sample points and observed outfalls; 

• Appendix B: Spreadsheet of Poole Park Lake water sample results; 

• Appendix C: Bournemouth & West Hampshire Water results of Poole Park 

Lake water samples; 

• Appendix D: Weather data for Bournemouth Airport (July – August 2004); and 

• Appendix E: Poole Park Lake flushing schedule (May – October 2004). 

 

4.1 PRIMARY DATA 

4.1.1 Chlorophyll a 

The results for average chl. a biomass (µgl-1) for each sample survey for Poole Park 

Lake and Poole Harbour are shown in 4.1. 

 

Poole Park Lake 

Chl. a biomass increases after the initial flush of the lake from 5.85µgl-1 ± 2.44 on the 

2nd July to 14.26 µgl-1 ± 6.11 on the 9th July.  It then decreases to 5.2 µgl-1 ± 1.7 on the 

16th July.  Some variation in chl. a is observed after the second lake flush (19th – 21st 

July) over the period 19th July to 2nd August (minimum 7.53 µgl-1, maximum 12.34 µgl-1 

± 3.711), before increasing after the final flush (2nd – 4th August) from 7.53 µgl-1 ± 0.9 

on 2nd August to 40.18 µgl-1 ± 12.17 on 13th August. 

 

Spatially, the chl. a biomass appears to vary between sample points for the period 5th to 

12th July, as the average standard deviation (SD) for this period is 4.77 µgl-12 for an 

average chl. a concentration of 10.8 µgl-1.  There seems to be little variation in chl. a 

concentration from 14th July to 2nd August (average SD of 3.19 µgl-13 for a mean chl. a 

biomass of 8.68 µgl-1), except for the 21st July when the highest variation (9.01 µgl-1) 

was recorded.  There is a lot of variation between sample points after this date (4th to 

13th August), with an average SD of 10.74 µgl-1, the highest standard deviation was 

15.18 µgl-1, recorded on the 9th August.  

 

                                                      
1 The standard deviations are averaged over the period mentioned. 
2 The standard deviations are averaged over the period mentioned. 
3 The standard deviations are averaged over the period mentioned. 
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Poole Harbour 

The chl. a results for Poole Harbour differ from those obtained for the Lake.  There is 

an initial increase in chl. a biomass from 12.28 µg l-1 on 2nd July to 21.06 µg l-1 on 5th 

July; this then drops to 8.94 µg l-1 on 7th July.  This rises to a concentration of 24.48 µg 

l-1 on 12th July, falling to 7.42 µg l-1 on 21 July.  Levels increase to 31.86 µg l-1 on 28th 

July, before dropping to 11.04 µg l-1 on 2nd August.  There is an increase to 34.38 µg l-1 

on 4th August, followed by a drop to 15.36 µg l-1 on 6th August, then a rise to 28.08 µgl-1 

before decreasing to around 13 µg l-1 for 12th and 13th August. 
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Figure 4.1 Average chl. a (µg l-1) concentrations for Poole Park Lake sample points and 

Poole Harbour (error bars show standard deviation for all 7 sample points within Poole 

Park Lake). 

 

4.1.2 Nutrients 

4.1.2.1 Nitrate 

The results for average nitrate concentration (mg l-1) for each sample survey for Poole 

Park Lake and Poole Harbour are shown in figure 4.2. 

 

Poole Park Lake 

The results for nitrate concentration appear to mirror the results for chl. a biomass in the 

lake.   After the initial flush (1st – 3rd July), there is an increase in nitrate levels from 

2.86 mg l-1 ± 1.35 on 2nd July to 4.0 mgl-1 ± 1.5 on 5th July.  This decreases over time to 

1.0 mgl-1 ± 0.41 on 19th July.  Nitrate concentration increases after the second flush 

(commencing 19th July) to 6.0 mg l-1 ± 4.1 on 30th July, before falling to 1.5 mg l-1 ± 

0.55 on 4th August at the end of the third flush (2nd – 4th August).  A final increase in 
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nitrate levels is observed, reaching 4.5 mg l-1 ± 7.12 on the 6th August, dropping to 2.17 

mg l-1 ± 2.04 on the 13th August. 

 

There appears to be some variation in the concentration of nitrate between sample 

points after the initial flush (1st – 3rd July) until 12th July.  The average nitrate reading 

being 3.34 mg l-1 (highest reading 4.33 mg l-1 on 5th July) with a mean SD of 1.22 mg l-

14 (maximum of 1.66 for 12th July).  Little spatial variation is observed for the following 

fortnight (14th – 28th July), the mean SD being 0.63 mg l-15 for an average nitrate 

concentration of 1.58 mgl-1, even though the lake has been flushed for a second time 

(19th – 21st July).  A large spatial can be seen from 30rd July to 13th August, the mean 

chl. a  level was 3.55 mg l-1, with an average SD of 3.61 mg l-16 (the highest SD was 

7.12 mg l-1 on 6th August). 
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Figure 4.2 Average nitrate concentrations (mg l-1) for Poole Park Lake sample points 

and Poole Harbour (error bars show standard deviation for all 7 sample points within 

Poole Park Lake). 

 

4.1.2.2 Total organic carbon 

Due to time constraints, total organic carbon (TOC) was analysed only for sample 

points 1 and 2 for a selection of the sample dates (figures 4.3 and 4.4).  Both sample 

points show a rapid increase in TOC on the 16th July, with readings of 116.8 mg l-1 for 

                                                      
4 The standard deviations are averaged over the period mentioned. 
5 The standard deviations are averaged over the period mentioned. 
6 The standard deviations are averaged over the period mentioned. 
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sample point 1 and 115.7 mg l-1 at locality 2.  The readings both decrease until the 28th 

July, sample point 1 giving a TOC content of 17.21 mg l-1 and sample point 2 providing 

a reading of 3.03 mg l-1.  This appears to be mirrored by a drop in dissolved oxygen at 

sample point 1, which decreases from 7.8 mg l-1 from the 19th July to 5.8 mg l-1 on the 

30th July.  Dissolved oxygen (DO) drops from 9.2 mg l-1 to 7.4 mg l-1 over the same 

period at sample point 2.   
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Figure 4.3 Total organic carbon (TOC) (mg l-1) and dissolved oxygen (DO) (mg l-1) 

concentrations, for sample point 1 (2 July – 13 August 2004). 

 

There is a further rise in TOC for both sample points on the 2nd August, sample point 1 

increasing to 41.13 mg l-1 and sample point 2 to 17.2 mgl-1, this again drops to 16.96 mg 

l-1 for sample point 1 and to 2.64 mg l-1 for sample point 2 by the 6th August.  Again, 

this is reflected by a drop in dissolved oxygen for these localities, sample point 1 sees a 

decrease from 9 mg l-1 on the 2nd August to 5.2 mg l-1 on the 6th August.  The DO for 

this period drops from 9.0 mg l-1 to 7.2 mg l-1 for sample point 2. 
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Sample point 2
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Figure 4.3 Total organic carbon (TOC) (mgl-1) and dissolved oxygen (DO) (mgl-1) 

concentrations, sample point 2 (2 July – 13 August 2004). 

 

4.1.2.3 Phosphate

The results of the analyses for all the sample waters show phosphate to be less than 0.1 

mg l-1 for all localities over the sampling period.  The results are shown in appendix B 

 

4.1.3 Turbidity 

All readings for the Secchi disk were visible to the bottom of the lake at the sample 

points, where the maximum depth was 0.88 m.  No Secchi disk reading was taken at 

sample point 4 as this was at the shore of Poole Harbour.  Results can be found in 

appendix B.  

 

4.1.4 Temperature 

The results for average water temperature (°C) for each sample survey for Poole Park 

Lake and Poole Harbour are shown in figure 4.5. 

 

Both Poole Park Lake and Poole Harbour show a general increase in temperature from 

2nd July to 13th August.  Both the lake and harbour appear to drop in temperature after it 

has rained.  The lake temperature drops from 18.57 °C ± 0.64 to 17.10 °C ± 0.14 from 

the 7th to 9th July (following 22.6mm rain over the 7th and 8th July) and from 22.9 °C ± 

 47



NUTRIENT ENRICHMENT, ALGAL BLOOMS AND THE RECRATIONAL POTENTIAL OF POOLE PARK LAKE     

0.44 to 20.45 °C ± 0.45 over the 4th to 13th August after 20.4mm of rain fell over this 

period.  A similar pattern can be observed for the temperature of the water in the 

harbour.  There is little spatial variation in temperature within the lake, the average SD 

was 0.64 °C7 for a mean water of 20.22 °C (highest temperature recorded was 22.9 °C 

on 4th July).   
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Figure 4.5 Average water temperature (°C) for Poole Park Lake sample points and 

Poole Harbour (error bars show standard deviation for all 7 sample points within Poole 

Park Lake). 

 

4.1.5 Dissolved oxygen 

The results for dissolved oxygen (mg l-1) for each sample survey for Poole Park Lake 

and Poole Harbour are shown in figure 4.6. 

 

Poole Park Lake 

Poole Park Lake shows a general decrease in dissolved oxygen (DO) from 2nd July to 

13th August (dropping from 10.13 mg l-1 ± 0.67 to 7.52 mg l-1 ± 0.45).  This trend 

appears to mirror what is happening in the lake for temperature (see figure 4.5).  In 

addition, there appears to be a decrease in DO after each flushing event.  DO drops from 

10.13 mg l-1 ± 0.67 on 2nd July to 8.24 mg l-1 ± 0.78 on 16th July.  With the second flush 

of the lake (19th – 21st July), dissolved oxygen increases to 9.12 mg l-1 ± 0.7 on 19th 

July.  It then drops to 6.65 mg l-1 ± 0.58 on the 30th July.  Again DO rises with the final 

flush (2nd – 4th August) to 8.77 mg l-1 ± 0.19 on 2nd August, before falling to 7.52 mg l-1 

± 0.46 by 13th August. 

                                                      
7 The standard deviations are averaged over the period mentioned. 
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Spatially, there does not appear to be much variation in DO over the sampling period.  

The average SD for DO is 0.66 mg l-18 (the highest SD recorded was 1.4 mg l-1 on 12th 

July), with a mean DO of 8.29 mg l-1.   

 

Poole Harbour  

DO initially increases from 11 mg l-1 on 2nd July to 12.3 mg l-1 on 5th July.  This drops 

to 9.4 mgl-1 on 7th July, before gradually increasing to 11.8 mg l-1 by 21st July.  This DO 

concentration appears to halve by 28th July to 5.6 mg l-1, then increasing again to 11.6 

mg l-1 by 4th August.  The DO level falls again to 8.4 mg l-1 by 12th and 13th August. 
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Figure 4.6 Average dissolved oxygen (DO) (mg l-1) for Poole Park Lake sample points 

and Poole Harbour (error bars show standard deviation for all 7 sample points within 

Poole Park Lake). 

 

4.1.6 Salinity 

The results for salinity for each sample survey for Poole Park Lake and Poole Harbour 

are shown in figure 4.7. 

 

Poole Park Lake 

There is a decrease in salinity after the first flush of the lake, from 28.94 ± 3.84 on 2nd 

July to 18.95 ± 3.78 to 12th July.   An increase to 27.13 ± 7.22 is seen by the end of the 

second flush on 21st July and salinity continues to rise to 28.92 ± 1.58 by 26th July.  This 

                                                      
8 The standard deviations are averaged over the period mentioned. 
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is followed by a decrease to 23.55 ± 3.47 by 30th July.  Salinity rises with the final flush 

of the lake (2nd to 4th August) to 29.27 ± 2.2, before falling to 25.68 ± 3.45.  The largest 

drop in salinity in the lake is recorded between 2nd and 12th July, where 33.8 mm rain 

fell over this period. 

 

There appears to a large variation spatially between sample points for salinity.  The 

mean SD for the lake over the sample period is 3.59, the highest SD for the period is 

7.22 for 21st July.  The mean salinity of the lake is recorded at 25.78 (highest salinity is 

29.27 ± 2.2 on 4th August).   

 

Poole Harbour 

Salinity for the harbour follows the same pattern as the lake for the period 2nd to 21st 

July, although the salinity of the harbour is on average 3.1 higher than the lake.  It drops 

from 33.8 on 2nd July to 22.4 on 12th July, increasing to 32.4 on 21st July.  The largest 

decrease in salinity is observed from the 21st to 28th July, where it drops 15.1 to 17.3.  It 

increases to 30.2 on 30th July, dropping to 26.2 on 4th August.  A rise in salinity to 36.4 

occurs on 6th August, dropping to 26.4 on 9th August before increasing again to 31 on 

13th August.  
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Figure 4.7 Average salinity for Poole Park Lake sample points and Poole Harbour 

(error bars show standard deviation for all 7 sample points within Poole Park Lake). 

 

4.1.7 Suspended particulate matter 

                                                      
9 The standard deviations are averaged over the period mentioned. 
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The results for suspended particulate matter (SPM) (mg l-1) for each sample survey for 

Poole Park Lake and Poole Harbour are shown in figure 4.8. 

 

Poole Park Lake 

Suspended particulate material (SPM) increases after the first flush of the lake, from 

21.54 mg l-1 ± 2.46 on 2nd July to 30.22 mg l-1 ± 18.31 on 7th July.  This increase in 

SPM coincides with a rainfall event on the 7th July, when 20.8 mm of rain fell.  SPM 

decreases to 15.92 mg l-1 ± 1.91 on 19th July, the start of the second flush (19th – 21st 

July), increasing to 24.28 mg l-1 ± 9.58 on 26th July.  There is a drop in SPM to 16.7 mg 

l-1 ± 1.34 on 28th July, increasing to 27.12 mg l-1 ± 14.72 by 6th August.  A decrease in 

SPM to 18.53 mg l-1 ± 2.47 on 9th August is recorded, rising to 21.82 mg l-1 ± 3.79 by 

12th August, before falling to 18.25 mg l-1 ± 4.73 on 13th August.  This fluctuation in 

SPM corresponds to rainfall over the period (see figure 4.9).  

 

Spatially, there is a variation between sampling points throughout the sampling period, 

the mean SD is 4.73 mg l-110 (highest SD of 18.31 mg l-1 on 7th July), for an average 

SPM of 20.5 mg l-1 throughout the lake.  

 

Poole Harbour 

There appears to be considerable variation in SPM in the harbour during July.  The 

SPM drops from 33.7 mg l-1 on 2nd July to 16.4 mg l-1 on 9th July.  A large increase in 

SPM is observed on the 14th July, jumping from 18.5 mg l-1 on 12th July to 96.4 mg l-1.  

After this point SPM stays relatively constant, average 23.7 mg l-1 for the period 16th 

July to 2nd August.  A rise in SPM occurs on 4th August to 33.6 mg l-1, before dropping 

to 25.4 mg l-1 and stays relatively constant until the end of the sampling period (average 

24.8 mg l-1). 

                                                      
10 The standard deviations are averaged over the period mentioned. 
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Figure 4.8 Suspended particulate material (SPM) (mg l-1) for Poole Park Lake sample 

points and Poole Harbour (error bars show standard deviation for all 7 sample points 

within Poole Park Lake). 

 

4.1.8 pH 

The results for pH for each sample survey for Poole Park Lake and Poole Harbour are 

shown in figure 4.9. 

 

Both Poole Park Lake and Poole Harbour show a similar pattern for pH over the sample 

period.  Both the Lake and Harbour appear to drop in pH after the first flush (1st – 3rd 

July), the Lake drops from 7.97 ± 0.2 on 2nd July to 5.93 ± 0.42 on 12th July, likewise 

the pH in the Harbour falls from 8.2 on 2nd July to 5.8 on 9th July.  This drop in pH 

follows a period of rainfall (22.6 mm over the 7th and 8th July).  The pH in the Lake 

increases to 7.8 ± 0.15 on 4th August and stays around 7.5 for the remainder of the 

sampling period.  The pH in the Harbour rises to 8 on 19th July, before decreasing to 7.2 

on 26th July.  It increases again to 8.2 on 4th August and remains around 8 for the rest of 

the sample period.  
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Figure 4.9 pH for Poole Park Lake sample points and Poole Harbour (error bars show 

standard deviation for all 7 sample points within Poole Park Lake). 

 

SECONDARY DATA 

4.2.1 Rainfall 

Weather data for Poole for the months of July and August was obtained from the Met 

Office (see appendix D).  There was 9.2 mm of rain on 1st July (the day before sampling 

commenced), and a small amount of rainfall on the 2nd, 3rd and 4th of July (figure 4.10).  

It did not rain on the 5th or 6th of July, but there was a big downpour on 7th July, where 

20.8 mm of rain fell.  There was some rain on the following day (1.8 mm) and none on 

9th.  This was followed by a couple of days of rain on 10th (3.2 mm) and 11th (5.6 mm) 

July.  Very little rain fell during the period 12th July to 7th August, the maximum was 1 

mm, which fell on the 20th and 21st July.  During the period of 8th to 13th August it 

rained every day except for 10th August.   
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Figure 4.10 Rainfall (mm) for 1st July to 13th August (Met Office, 2004). 

 

4.2.2 Water quality data 

Water quality samples were taken from the Lake between sample points 1 and 2, on 26th 

May and 27th July and examined by Bournemouth & West Hampshire Water (BWHW).  

The results provided information including: 

• Coliforms faecal present; 

• Coliforms total present; 

• Ammonium; 

• Nitrate; 

• Nitrite; 

• pH; 

• Total organic carbon (TOC); 

• Suspended Particulate material (SPM); and 

• Biological oxygen demand (BOD). 

 

In addition, the Environment Agency took water samples from sample points 1 and 2 on 

2nd August, testing for coliforms faecal present, coliforms total present and faecal 

streptococci.   

 

BWHW and EA water quality data can be found in appendix C. 
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4.2.3 Drains flowing into Poole Park Lake 

Appendix A shows a map depicting observed freshwater drains flowing into Poole Park 

Lake. 

 

4.2.4 Personal communication 

In addition to the data acquired from secondary sources, staff from Poole Borough 

Council provided addition information regarding Poole Park and the Lake: 

• John Marter (Park Warden, Poole Park Lake): provided general information 

about Poole Park, including the problems with the Canada Geese. 

• Dave Robson (Environment Department, Poole Borough Council): provided 

background information on Poole Park Lake, including flushing, drainage and 

possible pollution sources. 

• Sarah Austin (Project Officer, Bourne Stream Partnership/Poole Borough 

Council): provided information regarding water quality of Poole Park Lake. 

• Anecdotal evidence (workman working on nearby site): provided information 

regarding possible sewage input into Poole Park Lake  
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5. DISCUSSION 
In this discussion I hope to be able to return to the project aims and objectives outlined 

in section 1.7.    

 

1.5 CHLOROPHYLL A 

The results for chl. a biomass in the Lake vary from 2.02 µg l-1 (sample point 1, 2nd 

July) to 57.42 µg l-1 (sample point 5, 12th August).  The average chl. a concentration in 

the Lake for the sample period was 13.58 µg l-1.  These results indicate that the lake is 

indeed eutrophic, the OECD (1982) classifies Lakes with a mean chl. a of 8-25 µg l-1 

and maximum chl. a of 25-75 µg l-1 as eutrophicated (see table 1.1).    

 

There were no incidences of algal blooms over the sampling period, unlike previous 

years (Vass, 2003).  One reason for this may be the weather which was experienced this 

summer11, which may have hampered phytoplankton growth. The maximum 

temperature for both July (21.2°C) and August (22.1°C) was very close to the average 

for that time of year (1971 – 2000), 21.9°C and 21.8°C respectively.  However, rainfall 

is above the average (1971 – 2000) for the time of year, in July it was 9.1 mm above the 

average (36.9mm), while rainfall was 23.1 mm greater than the average for August 

(52.1mm).   

 

Light is essential for all plants to photosynthesise, Elston (2004) has noted that cloudier 

skies inhibit photosynthesis and this could explain why there were no algal blooms 

present in Poole Park Lake this summer.   The total number of sun hours was well 

below the average (1971 – 2000) for this time of year, the average for July this year was 

179.2 hours of sunshine, 48.7 hours below the average.  The total number of sun hours 

for August was 22.3 hours less than the average for this time of year (217.6).  By 

comparison, the Lake was shut to recreation users due to the presence of toxic algal 

blooms last summer, it also happened to be one of the hottest on record (BBC News, 

2004). 

It may be that flushing the Lake with seawater from Poole Harbour may actually be 

resulting in more harm than good.  The chl. a levels within the Lake are not that high 

throughout July, and no change is seen after the first two flushes of the sampling period.  

                                                      
11 Appendix D contains detailed weather data for Bournemouth Airport for July and August 2004. 
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However, chl. a biomass does increase in August after the final flush of the Lake.  

Obviously, something has been triggered by the third flush.  It appears that the 

environment inside the Lake during August is ideal for phytoplankton growth.  Algae 

from the harbour would have been introduced into the Lake with the third flush and 

found the condition within the Lake ideal, allowing them to flourish.  Phytoplankton 

productivity is limited in estuaries, as despite high nutrient input and shallow water, 

their proliferation is hampered by high turbidity and poor light penetration.  In addition, 

a large population of benthic filter feeders, including sponges, tunicates, byozoans and 

molluscs remove algae from the water (Fox, 2001).  

However, the Lake conditions are ideal for the growth of phytoplankton; with low 

turbidity light penetration to the bottom of the water column and a supply of nutrients 

entering via freshwater input.  The only thing that may hamper growth is a decrease in 

salinity, though during August the Lake’s salinity does not fluctuate greatly, probably 

owing to little freshwater input and evaporation.  In addition, the phytoplankton species 

from the harbour may be capable of tolerating a range of salinities as the harbour itself 

is brackish.  Such organisms, which have a broad salinity tolerance, are termed 

‘euryhaline’ and use osmotic regulation to survive in such an environment (Schultz, 

2003a): 

• Osmoconformers have the ability to tolerate fluctuations in salinity without 

significant tissue damage.  The osmotic concentration of their internal fluids 

fluctuates with the external environment. 

• Osmoregulators move salts or adjust ions to maintain a favourable water 

balance. 

• Some organisms may osmoregulate at low salinities and osmoconform at high 

salinities. 

 

Studies by Oswald (1986) of shallow salt ponds in San Francisco Bay showed that 

despite nutrient availability in San Francisco Bay, turbidity and cold temperatures 

typically inhibited significant algal growth.  However, the phytoplankton flourished in 

the shallow salt ponds as they are clearer and warmer, providing ideal conditions for 

algal proliferation.  The algal biomass potential of some of the salt ponds was found to 

be in the order of 8 - 10 mg l-1. 
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The result for the R2 correlation coefficient between chl. a and nitrate is less than 0.1, 

indicating that any relationship is very weak and that the result is negligible (Rowntree, 

2000).  This suggests that there must be other factors which influence the growth of 

phytoplankton, such as: 

• Light intensity (which at first can lead to increase in algae production, but an 

increase in chl. a biomass can in turn lead to shading, reducing the amount of 

light available for photosynthesis); and 

• The availability of other nutrients which are essential for phytoplankton growth: 

phosphorus and silicon (for diatoms). 

 

5.2 NUTRIENTS 

5.2.1 Nitrate 

The nitrate concentration results for both Pool Park Lake and Poole Harbour give results 

higher than the average for nitrate levels in natural waters (<1.0 mg l-1) (The Global 

Program, 2004).  MWWP (2004) has published a table showing the trophic status of 

Lakes with regards to nitrate levels.   When the nitrate concentrations for the Lake and 

Harbour are compared to this classification, they can be catergorised as eutrophic to 

hypereutrophic (table 5.1).    

 

Table 5.1 Trophic status of lakes vs. nitrate levels (MWWT, 2004). 

Nitrate (mg l-1) Trophic level 

<0.3 Oligotrophic 

0.3 - 0.5  Mesotrophic 

0.5 – 1.5 Eutrophic 

>1.5 Hypereutrophic 

 

The likely inputs of nitrate to the Lake are from the surface water drains which feed into 

the Lake.  The nitrate results for samples taken close to these points are generally higher 

than those sample localities situated further from these outfalls.   

 

5.2.2 Phosphorus 

The nutrient levels in the Lake are not as high as to expected.  The phosphate levels 

identified in the Lake and harbour were all less than 0.1 mg 1-1 throughout the duration 

of the sample period.  However, according to Moss et al. (1996), often there are no 
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soluble nutrients to be found in very fertile Lakes as they are incorporated into plants or 

algae.  Reynolds (1984) observed that phytoplankton amass phosphorus in surplus of 

immediate demands whilst available, thus postponing the onset of limitation.  Results 

for phosphate may have been higher if the phytoplankton had been analysed for 

phosphate, as cyanobacteria and a number of other algae have developed the ability to 

store phosphate for 3-4 cell divisions.  Consequently, one cell has the ability to multiply 

into 8-16 cells without the need for additional phosphate uptake (WHO, 1999).  This 

mechanism allows chl. a biomass to increase ten fold or more, even when dissolved 

phosphate is entirely depleted.   It is also worth noting that the detection method used 

may not have picked up the phosphate concentrations. 

 

It would appear that phosphorus is the limiting nutrient in Poole Park Lake, as the high 

ratio of N:P exceeds the Redfield ratio of 16:1, this suggests that phosphorus is likely to 

be limiting algal growth (Mason, 1996).  If the N:P ratio within the Lake was less than 

16:1 it would imply that nitrogen is the limiting nutrient.   

 

There is a population of approximately 450 Canada Geese present in Poole Park, which 

causes many problems and issues (Friends of Poole Park, 2003).  They feed primarily 

on grass and much of the grassed areas of the park are contaminated with their 

droppings.  Geese feed on the grass in the early mornings when there are few people 

using the Park, however, they are attracted to food supplied by humans.  The geese 

generate droppings approximately every 6 minutes (Friends of Poole Park, 2003) and a 

lot of the droppings are passed into the Lake waters as a control measure by the park 

staff (John Marter, pers comm.).  Their droppings are relatively rich in phosphorus and 

represent a large potential input to the total phosphorus loading of the Lake 

(guanotrophy) (Moss et al., 1996; RISE, 2004).  A study of a small urban lake in 

northeast USA found that the phosphorus inputs from Canada Geese, which fed on a 

nearby golf course and roosted on the Lake, were nearly five times higher than storm 

drain contributions from the surrounding area.  In addition, a study on the impact of 

waterfowl droppings on the water quality of an urban Lake in Wilmington, USA 

estimated that waterfowl contributed 27% of the total phosphorus in the lake (RISE, 

2004).  An additional source of nutrients to the Lake may be from the fertilisers used by 

Poole Park garden staff.  These may be washed into the Lake by surface runoff during 

rainfall events. 
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5.2.3 Total organic carbon 

Total organic carbon provides a measure of the dissolved and particulate organic carbon 

matter in water.  The majority of organic carbon in water comprises humic substances 

and partly degraded plant and animal materials (RISC, 1998).  Dissolved organic carbon 

exerts an oxygen demand in the water, often in the form of toxic substances, and is a 

general indicator of water pollution (Manahan, 2000).  The TOC of natural waters 

varies from 1-30 mg l-1 (RISC, 1998).   

 

The results for TOC for sample point 1 show an average TOC of 34.53 mg l-1 over the 

sample period, just above the highest limit for natural waters.  The highest reading is for 

TOC at this locality on 16th July, where TOC is observed at 116.8 mg l-1.  The average 

TOC for sample point 2 falls within the limits of TOC for natural waters (25.09 mg l-1).  

Like sample point 1, the highest results were recorded on 16th July (115.7 mg l-1).  This 

implies that there has been an influx of organic matter that has entered the Lake, which 

has led to the increase in TOC.    

 

A R2 correlation coefficient was produced for TOC and DO; the results for sample 

points 1 and sample point two were 0.08 and 0.11 respectively.  According to Rowntree 

(2000), a result between 0 and 0.2 is very weak and the relationship is negligible.  

However, only a selection of samples was tested for TOC, a stronger relationship may 

have been evident if more samples had been analysed. 

 

5.3 DISSOLVED OXYGEN 

Both the temperature and salinity of water has an inverse relationship to the solubility of 

oxygen (see table 5.2).  As such, an increase in temperature or salinity results in a 

reduction in the amount of dissolved oxygen present (Ellis, 1989).   As the salinity 

increases towards that of seawater so does the dissolved oxygen decrease until at 35,000 

mg l-1 (the salinity of seawater) the saturation value of the dissolved oxygen is only 

about 80% of that of freshwater (Nemerow, 1991).  

 

Therefore, it would be expected that the DO levels recorded for the Harbour would be 

lower than those obtained for the Lake.  However, this is not the case.  DO 

concentration for the Harbour averaged at 9.7 mg l-1 (highest 12.3 mg l-1 on 5th July), 
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whereas the mean DO level for the Lake was 8.3 mg l-1 (highest 11 on 7th July, at 

sample 3).  In addition, the average salinity of the Harbour was 28.9 (highest 36.4 on 6th 

August), while the mean salinity of the Lake was 25.8 (maximum 31.5 on 7th July). 

 

The lowest salinity and temperature readings for the Lake were observed at sample 

point 1, due to an outfall providing a continuous flow of freshwater.  Again, it would be 

expected that the highest DO reading would be taken at this location.  However, this is 

also not the case.  DO levels as low as 5.2 mg l-1 (on 6th August).   

 

Table 5.2 The relationship between temperature, salinity and the solubility of oxygen 

(YSI Model 95: handheld dissolved oxygen and temperature system: operations 

manual). 

Salinity  

Temperature °C 9.0 18.1 27.1 36.1 

16.0 9.34 8.84 8.37 7.92 

17.0 9.15 8.67 8.21 7.77 

18.0 8.97 8.50 8.05 7.62 

19.0 8.79 8.33 7.90 7.48 

20.0 8.62 8.17 7.75 7.35 

21.0 8.46 8.02 7.61 7.21 

22.0 8.30 7.87 7.47 7.09 

23.0 8.14 7.73 7.34 6.96 

24.0 7.99 7.59 7.21 6.84 

 

This suggests that the effluent entering the Lake at this point contains organic matter 

that is exerting an oxygen demand on the water. Sufficient DO is required and essential 

for good water quality and aerobic life forms.  As DO concentrations in water fall below 

5.0 mg l-1, aquatic life is put under stress.  The lower the DO level, the greater the 

stress (KWW, 2004).  5.3 shows effects of DO readings on aquatic life. 

 

Table 5.3 Guideline for interpretation of dissolved oxygen readings (AWRI, 2004). 

Dissolved oxygen 

(mg l-1) 

Affect on aquatic life 
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0-2  Not enough oxygen to support life 

2-4  Only a few kinds of fish and insects can survive 

4-7  Acceptable for warm water fish 

7-11  Very good for most stream fish including cold water fish 

 

An additional oxygen demand is from people feeding the waterfowl.  Uneaten bread that 

falls to the bottom of the Lake causes an increase in microbial activity which in turn 

causes depletion in oxygen at the bottom of the Lake. Low DO in the water overlying 

the sediments can exacerbate water quality deterioration.  If the DO concentration falls 

below 1 mg l-1 chemical processes at the sediment-water interface regularly cause the 

release of phosphorus from the sediments into the water. When a lake mixes in the 

spring, the phosphorus and ammonium which has built up at the bottom of the water 

fuels increased phytoplankton production (WOW, 2004).  There are signs around the 

Lake asking people not to feed the birds, however, these are quite small and easily 

missed.  There are plans for the ice cream kiosk, which is located on Parkstone Road 

(see appendix A for map of Poole Park Lake) to sell food to feed the ducks with a lower 

oxygen demand (Sarah Austin, pers. comm.). 

 

5.4 pH 

The average pH of the Lake is 7.2, which falls into the range which is suitable for 

aquatic life (6.0 – 9.0) (KWW, 2004); the mean pH of the Harbour is slightly higher at 

7.4.  However, low pH readings have been recorded at sample point 1, the lowest 

recorded was 5.2 on 12th July.  One of the most significant environmental impacts of pH 

is the affect that it has on the solubility and therefore bioavailability of other substance.  

Runoff from agricultural, domestic and industrial areas may contain iron, lead, 

chromium, ammonia, mercury or other elements. The pH of the water affects the 

toxicity of these substances. With a decrease in pH, many insoluble substances become 

more soluble and thus available for absorption. For example, 4 mg l-1 of iron would not 

present a toxic effect at a pH of 4.8. However, as little as 0.9 mg l-1 of iron at a pH of 

5.5 can cause fish mortality. 
 

5.5 WATER QUALITY 

The results for Poole Park Lake show that there is much variation in water quality 

within the Lake, suggesting that it is not that well mixed.  The analysis of water from 
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sample points located close to points where freshwater is discharged into the Lake show 

that the water quality here is poorer (especially sample points 1 and 2, which receive a 

continual flow of freshwater) than water samples taken from the middle of the Lake or 

close to the sluice gate.  Mason (1996) has stated that the “the solution to pollution is 

dilution”, this is why effluent is discharged into running waters.  The Lake is a closed 

system – discharge into the Lake will not be diluted (except when it is flushed).   

 

The Lake is flushed from April to October, to control algae and to ensure that the water 

height is maintained (Dave Robson, pers. comm.).  However, during the winter months 

it is not flushed, there may be the possibility that the nutrient loading increases during 

this period.  In addition, there is greater precipitation during this period, therefore runoff 

entering the Lake would be greater.  From the analysis of the water entering from 

surface water sewers, this runoff appears to contain high nutrient levels.  The nutrients 

may be stored in the Lake’s sediments and subsequently released following disturbance 

(such as during flushing).   

 

The water from Poole Harbour used to flush the Lake may be of poor quality and have 

an effect on the water quality of the Lake.  What is the point of flushing the Lake with 

harbour water if it is of bad quality? 

 

5.5.1 Microbial water quality 

Bad smell, surface scum and high TOC levels indicate that there is an issue with the 

water quality of the Lake.  In addition, a discharge which took the appearance of raw 

sewage was observed coming from the outfall located close to sample point 1.  

Furthermore, the water samples taken for analysis by Bournemouth & West Hampshire 

Water on 26th May and 7th July (close to sample points 1 and 2) provide concern for 

human health. 

The results obtained on the 26th May (faecal coliforms = 19,000; coliforms total = 

28,000) exceed mandatory standards set out in the EU Bathing Waters Directive (see 

appendix G).  The mandatory (or imperative) standards, which should not be exceeded, 

are:  

• 10,000 total coliforms per 100 millilitres (ml) of water  

• 2,000 faecal coliforms per 100 ml of water 

 63



NUTRIENT ENRICHMENT, ALGAL BLOOMS AND THE RECRATIONAL POTENTIAL OF POOLE PARK LAKE     

In addition, the results for faecal coliforms taken on 7th July exceed this standard (6,200 

per 100 ml water); while total coliforms are just under (9,600).  Since the Lake is used 

by the general public for recreational purposes, this is a public health issue 

 

As well as health implications for human users of the Lake, the health of the fish and 

wildfowl communities may be significantly affected by the micro-organisms.  During 

the sampling period, waterfowl were observed taking water from the freshwater outfall 

located close to sample point 1 in the mini marina. 

Results of samples taken by the Environment Agency, who were alerted to the coliform 

results obtained on 26th May and 7th July (John Marter, pers. comm.), show that the 

microbial water quality had improved by 2nd August, falling well below the mandatory 

standards mentioned above (table 5.4). This suggests that these pollution incidences are 

intermittent. 

 

Table 5.4 Coliform results for sample points 1 and 2, taken 2nd August. 

Analysis description Sample point 1 Sample point 2 

coliforms faecal present 

(per 100 ml water) 

<10 144 

coliforms total present (per 

100 ml water) 

36 909 

 

5.5.2 Sample localities 

5.5.2.1 Sample points 1 and 2 

As mentioned previously, discharge entering the Lake from an outfall located close to 

this point, which appeared to be raw, was observed during most of July (5th – 28th), this 

was accompanied by a foul smell and foam accumulating on the surface close the 

sample point. 

 

It has been suggested that local builders working on a nearby housing development may 

be responsible for the supposed raw sewage at this point (Dave Robson, pers. comm.).  

It is possible that the workmen may have plumbed their portable toilets to the wrong 

drainage system, meaning that the waste ended up in the Lake rather than at the local 

sewage works. 
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In addition, there is a surface water drain which feeds into the outfall that discharges at 

sample point 1, located close to the nearby Cygnet Café (Dave Robson, pers. comm.).  

It has been implied that café staff may dispose of dirty water (from washing floors, etc), 

containing detergents (a source of phosphate) down this drain (Dave Robson, pers. 

comm.). 

 

Like sample point 1, sample point 2 is influenced by freshwater input and appears one 

of the main pathways for nutrients to enter the Lake. 

 

5.5.2.2 Sample point 3 

Of all the sample localities, this point gives results that are most similar to those 

obtained for the Harbour.  It has the highest salinity of all the localities – this could 

perhaps suggest that the sluice gate is not watertight? 

 

5.5.2.3 Sample point 4 

This locality is located the other side of the railway track in Poole Harbour.  It is an 

open system and the results for this site indicate a great deal of variety in the 

parameters, this is due to the tidal nature of the sample point.   

 

5.5.2.4 Sample points 5 and 6 

This is another sample point which has given some poor water quality readings (i.e. DO 

of 5.6 mg l-1 on 6th August; pH of 5.7 on 12th July).  In addition, a bad smell has been 

observed during some sampling occasions.  There are a number of public surface water 

drains that discharge into the Lake between sample points 5 and 6.  There is a sewage 

pumping station located to the other side of the road from sample point 5.  A 

conversation with some maintenance workers, who were working on the pumping 

station revealed that there had been some problems with station and that there was a 

likelihood that water runoff may contain sewage from the station, which could account 

for the low pH and DO and high nutrient readings at these points. 

 

5.5.2.5 Sample point 7 

Again, poor water quality readings have been recorded for this site (i.e. DO of 6.5 mg l-1 

on 6th August; pH of 6 on 14th July).  Like all the sample points which give such 

readings, this locality is situated close to a surface water drain.   
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5.5.3 Poole Park Lake vs. Poole Harbour 

The results suggest that Poole Park is the more constant environment of the Lake and 

Harbour.  For example, in the Lake the general trend for chl. a concentration is an 

overall increase towards the end of the sampling period.  However, the chl. a biomass 

for the Harbour is very erratic, with peaks and troughs observed throughout the same 

period.  This can be put down to the fact that the Lake is a relatively closed system and 

the Harbour is more dynamic, especially as it exhibits an unusual double tide cycle. 

 

5.6 SUGGESTIONS FOR FURTHER STUDY 

To obtain a full picture of the water quality of the Lake it would be advantageous to 

undertake: 

• A full water quality analysis of the Lake, over the duration of a full year (to 

include period when the Lake is not flushed), including: 

o Nutrients (total N, total P 

o Biological oxygen demand (BOD) 

o Microbial analysis 

o Heavy metals 

• Analysis of the Lake sediments to establish the potential internal nutrient 

loading; 

• A full ecological survey to establish the flora and fauna present in the Lake and 

to assess the impact of eutrophication, poor water quality and varying salinity on 

these communities; and 

• Monitoring of water quality after management programme has been 

implemented (see section 6). 
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6. CONCLUSION & RECOMMENDATIONS 
6.1 CONCLUSION 

With its unique characteristics and picturesque setting, Poole Park Lake has the 

potential to provide a tourist and recreational centre-pieces within Poole Park.  

However, both the aesthetic quality and potential of the Lake are currently being 

constrained by persisting water quality issues.  Specifically, the eutrophicated status, 

with its high nutrient loading and elevated chl. a levels are resulting in the unsightly 

growth of cyanobacterial algae and perhaps more worryingly, there is evidence to 

suggest that public health may be compromised as a result of sewage contaminated 

inputs of freshwater into the Lake.   

 

If the full recreational benefits of this unique Lake are to be realised, greater attention 

will need to be devoted to developing an effective and comprehensive monitoring 

system that can begin to identify the sources and constituents of the inputs into the Lake 

and begin to unravel the complex, dynamic processes in operation within the Lake.  

This will need to be embedded into an overall management framework that can begin to 

address the eutrophication problem and the potential threat to human health.  Only when 

this strategic system of management and monitoring can be achieved, will Poole 

Borough Council truly be able to reap the full benefits of this unique and valuable 

resource. 

 

6.2 RECOMMENDATIONS 

It is suggested that Poole Borough Council implement a series of preventative measures 

to address the source of the nutrients, which lead to eutrophication.  The following 

recommendations are put forward to improve the water quality of Poole Park Lake, thus 

reducing the potential for algal blooms and the need for flushing: 

 

Monitoring the water quality of the Harbour water used for flushing 

It is advisable to monitor the water quality of the seawater of Poole Harbour, which is 

used to flush the Lake during the period May – October and flushing the Lake only 

when results show that the water quality is good.  It defeats the purpose of flushing, if 

the water that the Lake is being flushed with is of poor quality.  Taking water from the 

Harbour, which is rich in nutrients with a phytoplankton population that will proliferate 

if the conditions are right, is not an ideal situation.  The relatively stable conditions 
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within the Lake may be ideal for the algal growth, which find the conditions (reduced 

turbulence, nutrient input and increased light penetration) within Poole Park Lake more 

favourable for growth than the Harbour.   

 

Investigate possible pollution sources 

The bad smell, low dissolved oxygen conditions, formation of surface foam and 

analysis results (nutrient and faecal coliform) all indicate that there is an intermittent 

source of pollution that is entering the Lake from the various outfalls that feed into the 

Lake.  It is advisable to carry out a regular programme of monitoring to identify any 

pollution incidences, locate the source and take immediate action to remediate the 

problem. 

 

Adoption of EU Bathing Water standards and WHO guidelines 

At present there are no water quality standards for such an unusual water body.  

However, it is suggested that Poole Borough Council adopt the EU Bathing Water 

Directive standards for water quality (appendix F).  If full immersion is unlikely (i.e. 

windsurfing or any other water contact sport is discounted), the mandatory guidelines 

should be adopted.  World Health Organisation guideline values for cyanobacterial chl. 

a (appendix G) should be adopted for the presence of algae. 

  

Reduce external nutrient loading 

The most important aspect to address is the input of nutrients reaching the Lake. 

Nemerow (1991) advises that limiting the input of phosphates to lakes is the best way to 

control phytoplankton proliferation.  The various drains which empty into Poole Park 

Lake are obviously having a serious impact on the water quality.  This can be achieved 

by either diverting the current drains so that they either discharge straight to the sea or 

to waste-water treatment works.  However, this may affect the water level of the Lake; 

which may be overcome by either: 

• Ensuring that the water flowing into the Lake is of good quality.  Mason (1996) 

has noted that this has been done for some lake restoration projects, using waters 

classified as ‘oligotrophic’; or 

• Re-diverting treated wastewaters from the current drains which empty into the 

Lake.  These waters would need to have undergone tertiary treatment to ensure 
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that the majority of phosphate has been eliminated (by Ferric Chloride (FeCl3) in 

the activated sludge process). 

 

The control of the Canada Geese population would also help to reduce phosphorus 

loading.  This could be achieved by scaring the geese to stop them from roosting around 

the Lake.  This has been attempted to some extent, with the use of a bird of prey.  

However, this tactic has not been well received by the public (Henderson, 2004).  In 

addition, removal of Canada Geese eggs from the area during the breeding season may 

also help to curb numbers.  Furthermore, Poole Borough Council should try to ensure 

that waterfowl droppings are not washed into the Lake.  The Council has trialled an 

innovative machine on the areas of grass surrounding the Lake.  The machine lightly 

scarifies the grass surface and in doing so lifts droppings which can be disposed of.  

Early indications show that this approach is proving to be a success (Mills, 2004). 

 

Sediment treatment 

Analysis of the Lake sediments is recommended, this should give an idea of the 

potential for internal nutrient loading, in particular phosphorus.  If the nutrient loading 

of the sediments is high, it is suggested that the Council look into treating the sediments 

to seal them, ensuring no phosphorus can enter the water column.  Another option 

would be to remove the sediments altogether, however, this is very costly. 

 

Barley straw 

One method of treatment which may be used to control algal blooms, if they are still 

present after the preventative measures are put into place, is the addition of extract of 

barley straw.    

 

Only once these steps have been taken, can the Council consider biomanipulation or 

introducing plants.  However, due to the great variation in salinity observed in the Lake, 

the flora and fauna introduced would need to be tolerant of the great variations in 

salinity.  In addition, there is a worry that any animals used to control the phytoplankton 

in the Lake (such as fish or zooplankton) may be washed out into Poole Harbour when 

the Lake is flushed. 
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8. APPENDICES 
(a) Appendices attached to this document 

• Appendix A: Map showing sample points and observed outfalls; 

• Appendix C: Bournemouth & West Hampshire Water and Environment 

Agency results of Poole Park Lake water samples; 

• Appendix D: Weather data for Bournemouth Airport (July – August 2004);  

• Appendix F: EU Bathing Directive – quality requirements for bathing water; 

and 

• Appendix G: World Health Organisation guideline levels for cyanobacterial 

chlorophyll a.  

 

 

(b) Appendices available as separate documents (pdf) at:  

http://www.bournestreampartnership.org.uk/student_research/moss_msc.htm

• Appendix B: Spreadsheet of Poole Park Lake water sample results; 

• Appendix E: Poole Park Lake flushing schedule (May – October 2004);   
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Appendix A:  Sample Points & Observed Outfalls 
 

 



Appendix C:  Bournemouth & West Hampshire Water and Environment Agency results of 
Poole Park Lake water samples 

 

 
Bournemouth and West Hampshire Water: Poole Park Lake water sample results (taken between 
sample point 1 and 2). 
     
SAMPLE DATE: 26/5/2004     
analysis description result units   
coliforms faecal present 19000 number/100m   
coliforms total present 28000 number/100m   
colony count 3 day at 22 degrees C >300 number/ml   
total viable count (2 day at 37 degrees C) >300 number/ml   
ammonium 0.12 NH4 m/l   
pH  7.7 pH units   
total organic carbon as C 4.46 mg/l   
     
     
SAMPLE DATE: 7/7/2004     
analysis description result units   
coliforms faecal present 6200 number/100m   
coliforms total present 9600 number/100m   
enterococci (species) - serial dilution 600.0 number/100m   
nitrate 50.4 NO3 mg/l   
nitrite  0.1 NO2 mg/l   
ammonium  0.6 NH4 mg/l   
pH  6.6 pH Units   
Chloride 36 mg/l   
Solids Suspended 105 Degrees C 11 mg/l   
BOD <1.5    
     
Environment Agency: Poole Park Lake water sample results (taken from sample points 1 and 2). 
     
SAMPLE DATE: 2/8/2004 SAMPLE POINT 1 SAMPLE POINT 2 
analysis description result units result units 
coliforms faecal present <10 number/100m 144 number/100m
coliforms total present 36 number/100m 909 number/100m
faecal streptococci 18 number/100m 27 number/100m



Appendix D:  Weather data for Bournemouth Airport (July – August 2004);  

 

HURN 
 

  LATITUDE
 

50_47N 
 

LONGITUDE
 

  1_50W 
 

ALTITUDE 
 

  10m 
 

 
   

     
     

MONTH 
 

JULY          
  

YEAR 
 

2004 
 

DAY MAXTEMP MINTEMP RAIN SUN GRASS MIN WIND SPEED WIND DIRECTION GUST WEATHER
  (Deg C) (Deg C) (mm) (hours) (Deg C) (knots) (degrees) (knots) (see key)
            
1 18.7 9.6 9.2 5.3 6.6 11 270 25        
2 19.1 11.9 1.4 5.5 11.2 --- 270 30        
3 18.7 11.5 0.2 4.8 9.1 14 270 29        
4 16.9 11.3 0.8 3.2 9.5 6 240 15        
5 21.4 6.8 0.0 11.8 3.1 5 340 18        
6 21.0 7.1 0.0 15.3 3.6 6 150 19        
7 21.2 9.3 20.8 0.1 5.5 13 50 37        
8 18.8 12.3 1.8 3.1 10.8 10 80 27        
9 19.4 10.8 0.0 5.1 9.9 9 310 22        

10 19.7 7.2 3.2 9.2 4.4 9 250 24        
11 16.3 12.3 5.6 0.0 12.3 6 300 17        
12 18.5 11.1 0.0 0.3 7.9 7 330 18        
13 19.2 9.6 0.0 7.6 8.1 --- 130 15        
14 23.0 12.1 0.0 3.0 8.7 9 250 22        
15 23.1 15.6 0.0 4.6 15.5 10 270 23        
16 19.2 15.3 0.0 0.5 15.8 9 250 21        
17 22.5 14.7 0.8 5.3 15.2 7 200 21        
18 20.1 12.7 0.0 3.8 11.5 7 270 22        
19 19.9 6.6 0.0 9.5 5.1 4 190 15        
20 22.7 7.7 1.0 9.3 4.1 5 80 14        
21 21.9 15.7 1.0 2.9 14.9 7 210 17        
22 21.9 15.2 0.0 2.7 12.4 5 90 14        
23 24.4 11.3 0.0 14.5 7.1 7 330 19        
24 24.1 8.6 0.0 8.6 4.6 6 290 19        
25 23.8 10.4 0.0 7.5 6.6 8 270 21        
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26 21.6 15.2 0.0 0.2 14.7 8 310 17        
27 22.0 15.6 0.0 0.8 14.9 4 40 13        
28 24.0 11.5 0.0 6.4 8.7 3 160 11        
29 22.5 12.7 0.2 5.7 9.5 6 150 26        
30 25.3 13.9 0.0 10.1 11.3 6 310 15        
31 25.1 12.7 0.0 12.5 9.4 --- 300 13        

                          
Monthly               Max   

Sum/Average 21.2          11.6 46.0 179.2 9.4 7 --- 37
            

1971-2000                   
Average 21.9         11.6 36.9 227.9 8.8 7.5 --- --- ---

          
KEY       

         

     

        

   
 
MAXTEMP Maximum temperature in the 24 hours from 0900 GMT     
MINTEMP Minimum temperature in the 24 hours to 0900 GMT     
RAIN Rainfall in millimetres in the 24 hours from 0900 GMT     
SUN Sunshine amount in the 24 hours from 0000 GMT     
GRASS MIN Grass minimum temperature in the 24 hours from 0900 GMT    
WIND SPEED Mean wind speed in the 24 hours from 0000 GMT     
WIND DIRECTION Wind direction at 0900 GMT       
GUST Maximum gust in the 24 hours from 0000 GMT 

    
    

WEATHER 
s snow or sleet fell in the 24 hours from 0000 GMT     
x snow lying at 0900 GMT (over half the ground representative of the site was covered with snow)   
h hail fell in the 24 hours from 0000 GMT      
t thunder was heard in the 24 hours from 0000 GMT     
f fog at 0900 GMT (horizontal visibility  less than 1000m)     
g gale occurred in the 24 hours from 0000 GMT (mean wind speed reached 34 knots or more)   
--- data not available 
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HURN 
 

  LATITUDE
 

50_47N 
 

LONGITUDE
 

  1_50W 
 

ALTITUDE 
 

  10m 
 

 
   

     
     

MONTH 
 

AUGUST          
  

YEAR 
 

2004 
 

DAY MAXTEMP MINTEMP RAIN SUN GRASS MIN WIND SPEED WIND DIRECTION GUST WEATHER
  (Deg C) (Deg C) (mm) (hours) (Deg C) (knots) (degrees) (knots) (see key)
            
1 26.0 11.8 0.0 13.5 9.0 6 150 16        
2 27.4 14.3 0.2 6.5 11.4 8 110 23        
3 24.5 16.6 0.0 4.1 14.0 5 220 17        
4 26.1 11.7 0.0 12.5 9.9 5 310 14        
5 27.0 13.6 0.0 8.1 11.3 6 320 21        
6 23.3 10.6 0.2 7.8 7.0 5 240 16        
7 25.0 10.1 0.0 11.2 8.1 4 230 14        
8 25.2 14.9 6.4 4.2 11.2 7 130 25        
9 21.1 17.1 3.4 0.2 17.5 --- 250 15        

10 22.9 13.0 0.0 11.6 13.1 5 280 16        
11 21.0 14.6 6.0 4.5 12.5 8 190 24        
12 21.5 16.5 0.2 4.7 15.9 10 170 24        
13 22.7 13.8 4.4 5.2 11.4 9 260 27        
14 23.0 12.2 0.2 9.3 10.9 5 280 17        
15 20.1 13.6 1.0 0.1 13.2 5 190 17        
16 19.0 14.9 2.8 1.0 13.9 --- 240 17        
17 20.9 16.2 2.6 4.4 14.8 9 210 21        
18 21.1 17.2 3.2 3.6 16.6 12 210 28        
19 21.7 14.3 1.4 10.3 13.9 12 240 29        
20 21.7 15.4 0.6 6.5 14.3 11 230 25        
21 20.6 11.7 0.0 9.3 11.3 8 310 18        
22 20.1 11.2 16.6 7.4 11.7 7 150 21        
23 20.0 14.8 2.4 2.4 15.5 --- 220 26        
24 21.0 14.7 11.2 4.3 13.8 11 260 28        
25 21.1 11.3 0.4 6.7 11.5 9 300 23        
26 21.7 12.4 7.6 7.4 11.8 9 290 20        
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27 19.7 14.9 4.4 0.1 13.6 10 250 29        
28 19.1 7.0 0.0 3.4 10.0 4 210 17        
29 19.9 7.5 0.0 2.4 9.9 9 240 27        
30 20.3 11.5 0.0 12.0 11.3 --- 310 26        
31 20.6 6.9 0.0 10.6 7.5 --- 350 16        

                          
Monthly               Max   

Sum/Average 22.1          13.1 75.2 195.3 12.2 8 --- 29
            

1971-2000                   
Average 21.8         11.3 52.1 217.6 8.6 7.5 --- --- ---

          
KEY       

         

     

        

   
 
MAXTEMP Maximum temperature in the 24 hours from 0900 GMT     
MINTEMP Minimum temperature in the 24 hours to 0900 GMT     
RAIN Rainfall in millimetres in the 24 hours from 0900 GMT     
SUN Sunshine amount in the 24 hours from 0000 GMT     
GRASS MIN Grass minimum temperature in the 24 hours from 0900 GMT    
WIND SPEED Mean wind speed in the 24 hours from 0000 GMT     
WIND DIRECTION Wind direction at 0900 GMT       
GUST Maximum gust in the 24 hours from 0000 GMT 

    
    

WEATHER 
s snow or sleet fell in the 24 hours from 0000 GMT     
x snow lying at 0900 GMT (over half the ground representative of the site was covered with snow)   
h hail fell in the 24 hours from 0000 GMT      
t thunder was heard in the 24 hours from 0000 GMT     
f fog at 0900 GMT (horizontal visibility  less than 1000m)     
g gale occurred in the 24 hours from 0000 GMT (mean wind speed reached 34 knots or more)   
--- data not available 
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Appendix F:  Quality requirements for bathing water (from EU Bathing Water Quality Directive 76/160/EEC). 
 

 Microbiological parameters G I Minimum sampling 
frequency 

Method of analysis and inspection 

1 Total coliforms/100 ml 500 10 000 Fortnightly (1) 
2 Faecal coliforms/100 ml 100 2 000 Fortnightly (1) 

Fermentation in multiple tubes. Subculturing of the positive 
tubes on a confirmation medium. Count according to MPN 
(most probable number) or membrane filtration and culture 
on an appropriate medium such as Tergitol lactose agar, 
endo-agar, 0.4% Teepol broth, subculturing and 
identification of the suspect colonies. In the case of 1 and 2, 
the incubation temperature is variable according to whether 
total or faecal coliforms are being investigated.  

3 Faecal streptococci/100 ml 100 - (2) Litsky method. Count according to MPN (most probable 
number) or filtration on membrane. Culture on an 
appropriate medium.  

4 Salmonella/litre - 0 (2) Concentration by membrane filtration. Inoculation on a 
standard medium. Enrichment - subculturing on isolating 
agar - identification 

5 Enteroviruses PFU/10 litres - 0 (2) Concentrating by filtration flocculation or centrifuging and 
confirmation 

 
 Physico-chemical parameters G I Minimum sampling 

frequency 
Method of analysis and inspection 

6 pH - 6-9 (0) (2) Electrometry with calibration at pH 7 and 9. 
7    Colour - No abnormal

change in 
colour (0) 

Fortnightly (1) (2) Visual inspection or photometry with standards on the Pt.Co 
scale. 

8 Mineral oils mg/litre � 0.3 No film visible 
on the surface 
of the water 
and no odour 

Fortnightly (1) (2) Visual and olfactory inspection or extraction using an 
adequate volume and weighing the dry residue. 
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9 Surface-active substances reacting 
with methylene blue mg/l (Lauryl 
sulphate)  

� 0.3 No lasting 
foam 

Fortnightly (1) (2) Visual inspection or absorption spectro-photometry with 
methylene blue.  

10 Phenols mg/l (phenol indices) C6 
H5 OH 

� 0.005 No specific 
odour 

 
� 0.05 

Fortnightly (1) (2) Verification of the absence of specific odour due to phenol 
or absorption spectro-photometry 4-aminoantipyrine (4 
A.A.P.) method. 

11 Transparency 2 1 (0) Fortnightly (1) Secchi's disc. 
12 Dissolved oxygen % saturation O2 80 to 

120 
- (2) Winkler's method or electrometric method (oxygen meter). 

13 Tarry residues and floating 
materials such as wood, plastic 
articles, bottles, containers of 
glass, plastic, rubber or any other 
substance. Waste or splinters 

Absence - Fortnightly (1) Visual inspection. 

14 Ammonia mg/litre NH4 - - (3) Absorption spectrophotometry, Nessler's method, or 
indophenol blue method.  

15 Nitrogen Kjeldahl mg/litre N - - (3) Kjeldahl method. 
 

 Other substances regarded as 
indications of pollution 

G  I Minimum sampling
frequency 

 Method of analysis and inspection 

16 Pesticides mg/litre (parathion, 
HCH, dieldrin) 

- - (2) Extraction with appropriate solvents and chromatographic 
determination. 

17 Heavy metals such as: arsenic 
mg/litre As cadmium Cd chrome 
VICr VI leadPb mercury Hg 

- - (2) Atomic absorption possibly preceded by extraction. 

18 Cyanides mg/litre Cn - - (2) Absorption spectrophotometry using a specific reagent. 
19 Nitrates mg/litre NO3 and 

phosphates PO 4

- - (2) Absorption spectrophotometry using a specific reagent . 
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Appendix G: World Health Organisation guideline levels for cyanobacterial chlorophyll a.  

 

 

 

 

Guideline  Cyanobacterial cells 

ml-1

Chlorophyll a µg l-1* 

Level 1 (low health alert) 20,000 10  

Level 2 (moderate health alert) 100,000 50 

Level 3 (adverse health effects) Scums N/A. 

 

* Under conditions of cyanobacterial dominance. 

 


	Abstract
	Acknowledgements
	List of Contents
	List of Figures
	List of Tables
	1. Introduction
	2. The Study Area
	3. Methodology
	4. Results
	5. Discussion
	6. Conclusions & Recommendations
	7. References
	8. Appendices
	Appendix A: Sample Points & Observed Outfalls
	Appendix C: BWHW & EA results of Poole Park Lake water samples
	Appendix D: Weather Data for Bournemouth Airport (July-August 2004)
	Appendix F: Quality requirements for bathing water
	Appendix G: WHO guideline levels for cyanobacterial chlorophyll a.

