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• Focus on reducing phosphorus loadings in 
UK rivers, to reduce the risk of 

eutrophication.

– Phosphorus removal from sewage effluent

– Farming controls / land use changes

• Where is the phosphorus coming from?

– Sewage

– Agriculture

Reducing P concentrations in rivers



Traditional methods of phosphorus 

source apportionment

Based on –
• Land use

• Fertiliser application rates

• Number and size of sewage treatment works

• Soil type

• Topography

• Infrequent (monthly?) water sampling

Give annual loads from sewage treatment 

works and agriculture



Load apportionment modelling
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• Sewage treatment works P input is 

relatively constant, and independent 

of flow.

• Diffuse P inputs (agriculture, septic 

tanks) are usually rainfall dependant 

(and therefore related to river flow)
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Sewage treatment works contribution

‘Agricultural’ contribution

Modelled phosphorus concentration

Qe

STW 

dominated

Agricultural source

dominated

Load Apportionment Modelling

76% Diffuse Source Load

24% Point Source Load

Bowes MJ, Smith JT, Jarvie HP, Neal C. Modelling of phosphorus inputs to rivers from diffuse and point sources. Science of 

the Total Environment 2008; 395: 125-138.



River Win at East Burton
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(a)

River Frome at Frampton
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Load Apportionment Modelling

River Avon at Evesham
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River Leam at Princes Road

0

100

200

300

400

500

600

700

800

900

0 2 4 6 8 10 12 14

Flow (m
3
 s

-1
)

T
o

ta
l 
p

h
o

s
p

h
o

ru
s

 c
o

n
c

e
n

tr
a

ti
o

n
 (

µ
g

 l
-1

)

(c)

Oct - Mar
Apr - Sept

74% point source load

21 % point source load

23% point source load

0.4% point source load



Does it work?

Load Apportionment model applied to wide range 

of UK rivers
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Defra PARIS project
(Phosphorus from Agriculture: Riverine Impacts Study)

• Study based on small headwater streams in low 

population density areas.

• No sewage works.

• Intensive agriculture.

• All P pollution from

farming?



Defra PARIS project
(Phosphorus from Agriculture: Riverine Impacts Study)

• LAM detected significant ‘point source’ input

– Major source during summer low-flows

• High concentrations of boron (sewage tracer).

Farmyard

Septic tank 

‘point source’ House roof water

Field drain

Road drain

Jarvie, H.P, Withers, PJA, Bowes, MJ et al., (2010) Streamwater phosphorus and nitrogen across a gradient in rural–

agricultural land use intensity Agriculture, Ecosystems and Environment.  Vol 135/4.pp 238-252.



Conclusions from PARIS project

• Sewage input from septic tanks very important in 

headwater catchments.

• Much of the ‘agricultural’ pollution signal due to 

rural inhabitants, rather than farming.

• Best management options?

– Septic tank misconnections

– Improve septic tank maintenance



Need to focus on sewage inputs

• Importance of agricultural inputs have been greatly overestimated using 

traditional source apportionment approaches.

• Sewage inputs provide greatest source contribution during algal growing 

period.

• Sewage inputs are in bioavailable form. 
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Need to focus on sewage inputs

• Agricultural inputs have been greatly overestimated using traditional source 

apportionment approaches.

• Sewage inputs provide greatest source contribution during algal growing 

period.

• Sewage inputs are in bioavailable form. 
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Need to focus on sewage inputs

• Agricultural inputs have been greatly overestimated using traditional source 

apportionment approaches.

• Sewage inputs provide greatest source contribution during algal growing period.

• Sewage inputs are in bioavailable form. 

• STW improvements result in immediate and significant P concentration 

reductions in rivers.  

• Changes to agricultural land use often have no observable effect on water 

quality.

• Septic tank inputs acting as multiple point sources.

– Significant P source in rural areas 
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