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Water quality and nutrient levels in watercourses have become increasingly focussed on at 
national and international levels. The European Union has set out the Water Framework 
Directive (WFD) 2000/EC/60 to protect and restore clean water across Europe and ensure its 
long term, sustainable use.

Phosphorus is one of the key nutrients that has adverse effects on water quality if in high 
concentrations with eutrophication being one of the consequences (Figure 1.). The WFD set 
the goal of achieving “good ecological and chemical status” for all of Europe’s surface and 
ground waters by 2015. UK government guidance suggests that rivers should not exceed 
annual mean phosphate levels concentrations of 0.1mg/L.

The river Loddon originates in Basingstoke and meets the river Thames near Wargrave. It flows 
through many different land cover types including densely populated urban areas and 
agricultural land. In this study, the whole of the Loddon catchment was examined including 
the tributaries.

The aim was to characterise the nutrient sources in the River Loddon and the objectives were 
to spatially characterise the nutrients in the River Loddon and to provide an initial assessment 
of the sources of phosphorus in the Loddon river using an export coefficient model.

Water samples were collected at various selected sites across the catchment. Samples were 
analysed in the lab for nutrients to provide a baseline data set.

Maps of the catchment including the sampling points used, land cover classes and sub-
catchments were created using Arc GIS. An export coefficient model was then created of the 
Loddon catchment for phosphorus using these maps and export coefficients from literature 
(Table 1.).

Figure 1. Diagram showing the process of Eutrophication caused by high nutrient loads in waterbodies (BBC Bitesize, 2010 
http://www.bbc.co.uk/schools/gcsebitesize/science/edexcel/problems_in_environment/pollutionrev4.shtml).

• Export coefficient models (ECM) estimate the nutrient loading from surface water 
drainage to a water body from non-point sources.

• ECMs use coefficients for different land cover classes, and livestock and human 
populations. 

• The total load delivered annually is the sum of the individual loads exported from each 
source within the catchment.

Areas of each land cover type within each sub-catchment were calculated using Arc GIS 
and the Land Cover Map 2007. Using data provided by DEFRA, the number of each type of 
livestock was used to calculate animal contributions for each sub-catchment. Population 
equivalents for sewage treatment works were used to calculate human contributions to 
each sub-catchment.

Table 1. Export coefficients from White P.J and Hammond J.P (2009) Journal of Environmental 
Quality, 38, 13-26; Johnes P.J (1996) Journal of Hydrology, 183, 323-349.

Nutrient source/Land cover type Export Coefficient Units

Arable and horticulture 0.90 kg TP ha−1 yr−1

Improved grassland 0.80 kg TP ha−1 yr−1

Acid grassland 0.02 kg TP ha−1 yr−1

Rough low-productivity grassland 0.02 kg TP ha−1 yr−1

Neutral grassland 0.02 kg TP ha−1 yr−1

Broad leaved, mixed and yew woodland 0.02 kg TP ha−1 yr−1

Coniferous woodland 0.02 kg TP ha−1 yr−1

Inland rock 0.70 kg TP ha−1 yr−1

Freshwater 0.00 kg TP ha−1 yr−1

Dwarf shrub heath 0.02 kg TP ha−1 yr−1

Fen marsh and swamp 0.00 kg TP ha−1 yr−1

Built up areas and gardens 0.83 kg TP ha−1 yr−1

Cattle (Beef) 0.42 kg TP yr−1

Cattle (Dairy) 0.42 kg TP yr−1

Sheep 0.09 kg TP yr−1

Pigs 0.28 kg TP yr−1

Poultry 0.01 kg TP yr−1

Horses 0.42 kg TP yr−1

Atmospheric deposition 0.15 kg TP ha−1 yr−1

Humans 0.75 kg TP yr−1

Looking at land cover type alone (no population or livestock figures), Arable and 
Horticulture accounts for 41.8% of the Phosphorus load to the catchment, Built up areas 
and gardens at 26.3%, Improved grassland at 25.2% and all other land cover at 6.7%. This 
would suggest that agriculture (arable and horticulture and improved grassland) have a 
much larger load of phosphorus than urban land cover types.

Sub-catchment P Load (kg TP yr-1) Area (ha)
Total P Load per unit area

(kg TP ha-1 yr-1)

Hart (Crondall to Elvetham) 5793.93 4494.82 1.29

Lyde 2746.41 3177.92 0.86

Vyne Stream 2062.16 1264.58 1.63

Fleet Brook 25209.47 3308.54 7.62

Cove Brook 1740.96 2279.23 0.76

Bow Brook (Bramley to Sherfield Green) 1824.49 970.27 1.88

Loddon (Hartley Wespall to Sherfield on Loddon) 512.95 541.47 0.95

Bow Brook (Pamber End to Bramley) 1667.74 1806.09 0.92

Hart (Elvetham to Hartley Wintney) 10387.97 1192.26 8.71

Blackwater (Aldershot to Cove Brook confluence at Hawley) 38487.10 6304.37 6.10

Whitewater 11751.28 10972.50 1.07

Blackwater (Hawley to Whitewater confluence at Bramshill) 82669.87 7061.63 11.71

Blackwater (Bramshill to River Loddon confluence at 
Swallowfield) 585.01 621.26 0.94

Loddon (Sherfield on Loddon to Swallowfield) 2778.22 3100.36 0.90

Barkham Brook 13746.88 1871.45 7.35

Loddon (Basingstoke to River Lyde confluence at Hartley 
Wespall) 75357.44 5755.53 13.09

Emm Brook 28252.05 4242.12 6.66

Loddon (Swallowfield to River Thames confluence) 57794.00 5189.38 11.14

Twyford Brook 3617.22 4112.70 0.88

The results of the ECM  (Table 2.) show that the total phosphorus load per unit area per 
year, is the highest at the Blackwater (Hawley to Bramshill), the Loddon (Basingstoke to 
Hartley Wespall) and the Loddon (Swallowfield to river Thames).

Table 2.  Total values of P (Phosphorus) Loads to each sub-catchment calculated from land cover type, population and 
livestock export coefficients and the percentage areas of each one.

The Blackwater, the Loddon from Swallowfield and the Loddon from Basingstoke all 
have a large amount of urban areas. This compiled with the high areas of improved 
grassland and medium to high levels of arable and horticulture is the cause for the high 
PLoad. The combination of high PLoads from different sources appears to have a greater 
affect than one specific land cover type alone.

Figure 2. The Loddon between Basingstoke and the river Lyde confluence at Hartley Wespall. The 
purple areas representing urban land cover and light green representing arable and horticulture.

Considering livestock and 
human pollution, the three 
sub-catchments (Blackwater, 
Loddon from Swallowfield and 
Loddon from Basingstoke), all 
have the highest PLoad (1st, 3rd

and 2nd respectively). Looking 
at agriculture vs. urban, 
human pollution accounts for 
99.5% (on average) of the total 
PLoad. This suggests that 
humans have a greater 
influence on PLoad than 
livestock agriculture.

The Export Coefficient Model is a great tool to obtain an overview and it can help to 
highlight (sub-)catchments at high risk from high phosphorus loads. However a 
sensitivity analysis was not conducted and ECM’s often have a higher level of error due to 
the small amount of data used. Therefore further research and analysis is required using 
more data to gain a better insight into the sources of phosphorus in the Loddon.

Comparing the calculated ECM to collected sample data, the Blackwater did have the 
highest total P, on average 0.63mg/L. The Loddon from Swallowfield had an average of 
0.3mg/L and the Loddon from Basingstoke however, had an average of 0.02mg/L. This low 
result was probably due to the fact that the sample point was before the sewage 
treatment works.
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