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Septic Tanks and Pollution to Watercourses in the Norfolk Broads
1. Introduction

The Norfolk Broads National Park has had a history of water quality problems, with eutrophication during the 20th Century leading to changes in the aquatic environment (Broads Authority, 2008). Lechate from septic tank systems may be influencing the system, although little is known about the role they play in the unique ecosystems of the Norfolk Broads. With legislation such as the Water Framework Directive (EU, 2000) and a number of national and international designations (SSSI’s and RAMSAR sites), understanding the role and potential risk of septic tanks is crucial for effective management. The issue is not unique to the Norfolk Broads, with it being estimated that septic tank systems serve ~ 5% of the UK’s population (May et al. 2010).
2. Aims and Objectives
· To review the current literature regarding water pollution from septic tanks
· To identify specific factors that control the risk of water pollution from septic tank systems

· To develop a model to identify septic tank systems that are at risk of polluting various catchments in the Norfolk Broads national park.
3. The Risk that Septic Tanks Pose to Water Quality

Whilst most urban areas in the UK are connected to the mains sewer system and wastewater treatment plants with nutrient stripping technologies, on-site systems (e.g. septic tanks) are widely used in rural areas for the disposal of sewage and domestic waste (Dudley & May, 2007). This has implications for water quality as such systems are inevitably less well maintained and less regulated than large treatment plants, whilst they are also often located near relatively undisturbed, clean and environmentally sensitive watercourses (May et al. 2010). This is especially true in the Norfolk Broads national park where a large rural population lives within Britain’s largest protected wetland (Broads Authority, 2008)
Eutrophication (the biological response to excess nutrient input) has long been acknowledged as an international environmental concern, with nutrient enrichment being recognized as a major barrier for lake restoration in the Norfolk Broads national park since the 1970’s (Broads Authority 2008). Until recently it was assumed that agricultural runoff was the main source of phosphorus, a key eutrophication-limiting nutrient (Jarvie et al. 2006). However, recent studies propose this may not be the case, with Dudley & May (2007) suggesting that septic tanks are a significant and underestimated source of phosphorus pollution to rural UK watercourses. This is in agreement with the Broads Authority (2008) who argue that 60 – 70% of phosphorus in surface waters originates from sewage treatment. Phosphorus may be present in septic tank systems due to phosphorus-rich human excrement or phosphate based detergents and cleaning products (Pieterse et al. 2003), therefore making septic tank lechate a potential nutrient input to freshwater ecosystems (Bowes et al. 2005). 
The effects of eutrophication are highly detrimental to water quality and the aquatic ecosystem as it changes the competitive balance between species (Mainstone & Parr, 2002), with the process often also severely limiting the potential uses for the water (Chapman, 1996). Undesirable toxic algal growth often occurs during the growing season, when high water temperatures, abundant light levels and long residence times promoting algal blooms that are a human health concern (Jarvie et al. 2006). 

Septic tank systems aim to minimize nutrient leaching to ground and surface waters and can theoretically remove the majority of phosphorus. However, this is often not the case (Dudley & May, 2007), with studies showing septic tanks tend to retain around 35% of the phosphorus from sewage, compared to sewage treatment works with nutrient stripping capabilities that can retain over 90% (Broads Authority, 2008). There is little knowledge surrounding the true effectiveness of septic tanks at removing phosphorus from sewage, although research suggests over 80% of UK septic tank systems are not working efficiently, with septic tank discharges found to increase phosphorus concentrations by up to 700% (May et al. 2010). Quantifying the exact P loss from septic tank systems is problematic as the number, location and condition of such systems is unknown. For example, a study in a small Scottish catchment found only 10% of the estimated 750 septic tanks were registered with SEPA (Dudley & May, 2007). This is because many were constructed before planning consent was required (May et al. 2010). It should also be noted that even if dwellings are connected to the main sewer system, pollution may still occur as nutrient stripping capabilities are only mandatory for treatment works serving over 10,000 people (Bowes et al. 2005).
The issue of septic tank pollution needs to be addressed in order to maintain healthy ecosystems, protect public health and to meet legal requirements (Dudley & May, 2007). Septic tank lechate has the potential to inhibit watercourses meeting a ‘good’ environmental status by 2015 as defined by the Water Framework Directive (EU, 2000), which also states that the widespread control of phosphorus inputs to watercourses is essential to improve water quality (Jarvie et al. 2006).

It is clear that septic tanks are a potential pollutant source to watercourses, especially in rural areas where their use is widespread. The greatest threat appears to be eutrophication through phosphorus enrichment, which has economic, social and environmental concerns. With little data and uncertainty surrounding the issue, it is clear that there is need for further research into the subject.
4. Factors That Control the Risk of Water Pollution from Septic Tank Systems
The risk that a septic tank poses to nearby watercourses will depend on a number of factors related to the environment, the construction and maintenance of the system. Understanding these factors is essential to allow new systems to be constructed in a manner that will reduce their pollution risk, whilst also allowing management to be concentrated in vulnerable areas.
4.1 Distance to surface water
Septic tanks in close proximity to surface water channels, ditches and watercourses pose a greater risk than those further away (May et al. 2010), although there is controversy in the literature surrounding minimum setback distances. This is because a variety of other factors will influence the potential of the septic tank to pollute the watercourse. While Canter & Knox (1985) suggest a minimum distance of 30m from open watercourses is suitable, a study in Ireland concluded that systems should not be constructed within 400m of any surface watercourse (McGarrigle & Champ, 1999). A different approach was applied by Kinsley & Joy (2005) who assigned any system within the one-hundred year floodplain boundary as high risk, and any system outside it as no risk. The risk of flood water inundation washing sewage into the watercourse was also recognized by Canter & Knox (1985) who propose that systems should not be located in areas liable to seasonal flooding.
4.2 Soil Type

Septic tank systems rely on the surrounding soil to filter and attenuate pollutants (Morgenstern, 2005), and soil is therefore the last line of defense between the sewage discharge and watercourse (May et al. 2010). Therefore, it is important that systems are located on suitable soil types. Ideally, systems should be located on well drained sandy loams, with good infiltration. Furthermore, they should be of at least 90cm above the highest water table level to prevent surface break-out (Canter & Knox, 1985). Various techniques have been employed to rank the risk associated with soil types, with Kinsley & Joy (2005) estimating hydraulic conductivity from superficial geology maps while May et al. (2010) used the hydrology of soil types dataset in the UK.  
4.3 Maintenance

In contrast to mainstream sewage treatment works, the maintenance and operation of septic tanks is unregulated and left to the discretion of the landowner, although it is recommended they are ‘de-sludged’ every 1 – 2 years (May et al. 2010). However, tanks are often not emptied and ‘de-sludged’ regularly, which is known to be a key determining factor on surrounding water quality (Arnscheidt et al. 2007). There is strong evidence to suggest that the problem of malfunctioning septic tank systems is widespread, with US census data showing over 10% of septic tanks had either backed up into homes or lead to sewage emerging at the ground surface (Morgenstern, 2005). 
4.4 System Age
Although the basic design of septic tank systems has changed very little since Victorian times, construction techniques and materials have improved in recent years, moving from brick chambers to fibre-glass units (May et al. 2010). Older systems are much more susceptible to failure, with Morgenstern (2005) suggesting that systems over 20 years old pose a high risk. This is broadly in agreement with Kinsley & Joy (2005) who suggest the average operating life of a septic tank system is 25 years. These facts could prove significant as it is estimated that approximately half of the septic tank systems in the USA were constructed over 30 years ago (Morgenstern, 2005).
4.5 Slope / Topography

Slope is a major control on hydrology as it affects percolation and through flow rates and pathways (May et al. 2010). Canter & Knox (1985) suggest that systems should not be constructed on slopes with a gradient greater than 20%, and preferably not greater than 5%. It is also noted that larger drainage fields will be required on steeper slopes and it is suggested that systems should not be located at the base of slopes (Canter & Knox, 1985). 
4.6 Septic tank density
A high density of septic tanks will exceed the capacity of the surroundings to absorb pollution effectively, increasing the risk of watercourse pollution, with Canter & Knox (1985) recommending a maximum density of one septic tank per ha of land. Rather than septic tank density, some studies use population density as an indicator of pollution load to assess the risk of watercourse contamination (e.g. Kinsley & Joy, 2005).

5. Modeling Pollution Risk from Septic Tanks in the Norfolk Broads

A model was developed to assess the risk of pollution from septic tanks at four catchments in the Norfolk Broads National Park. The sites were chosen due to their hydrology (all unconnected to the main watercourse) and because they are all sites of special scientific interest. The aim of the model is to identify septic tanks which pose a threat to water quality, so management strategies can be targeted where needed. As there is no record of actual septic tank locations, any dwelling further than 30m from the mains sewer network was assumed to have a septic tank (30m is the furthest that Anglian Water will connect to the sewer system for free). In reality, this may overestimate the number of septic tanks, but is the most robust technique currently available. 

The variables of distance from open watercourse, septic tank density, soil characteristics and slope were included in the model as these are known to be controlling factors of pollution risk (see section 4) and relevant datasets are available. Other relevant factors such as system age and maintenance could not be included as there are no datasets available. Table 1 provides an overview of the sources and ownership.  
Table 1. Datasets used in the model. 

	Dataset
	Source and Copyright

	Septic Tank Locations (address points 30m + from sewer network)
	Anglian Water

	5m Digital Elevation Model
	Landmap. GeoPerspectives © Supplied by Bluesky



	Watercourse Network
	Digimap. ©Crown Copyright/database right 2011. An Ordnance Survey/EDINA supplied service

	Superficial and Bedrock Geology
	Digimap Geology. Geological Map Data © NERC 2011.


For each variable, a scoring system was produced to rank areas from 1 (low risk) to 5 (high risk). The ranking system was based upon a similar study by May et al. (2010), although modifications were made to suit the datasets. Table 2 shows how each variable was ranked according to risk. 
Table 2. Ranking of variables according to potential pollution risk. 

	Risk
	Distance from watercourse (m)
	Slope (%)
	Septic Tank Density (tanks/ha)
	Soil permeability (hydraulic conductivity, k)

	1 (low)
	500m +
	0
	< 2
	≥ 10-2

	2
	250m - < 500m
	> 0 - < 5
	2 - 4
	10-3

	3
	100m - < 250m
	5 - < 15
	4 - 7
	10-4

	4
	25m - <100m
	15 - < 25
	8 - 25
	10-5

	5 (high)
	0 - <25m 
	25 +
	25 +
	≤ 10-6


Once each variable was computed and classified according to table 2, the inputs were combined using a multi-criteria evaluation to assess pollution risk. The inputs were weighted to reflect the importance of each variable and the characteristics of the catchments. Table 3 indicates the weightings used to produce the final outputs.
Table 3. MCE weights for pollution risk model.
	Input
	Weight

	Distance to watercourse
	0.4

	Septic tank density
	0.3

	Slope
	0.2

	Soil characteristics
	0.1 
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5.1 Final outputs
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It is clear that the number of septic tanks in each catchment varies dramatically from 154 in Sotshole catchment (figure 4) to just 5 in Cockshoot (figure 3). This gives the first indication of where management needs to be concentrated as catchments with few septic tanks will have little pollution risk. However, when looking at the septic tanks in regards to the MCE, it is clear that there is also variation in the number of systems situated in high risk zones between catchments. For example, whilst Sotshole has a high number of septic tanks, the majority of these are located in the south and west of the catchment away from the high risk north east area (figure 4). This is in contrast to Alderfen catchment, where the majority of septic tanks are located in the high risk zones (figure 1). 

6. Conclusion

It is clear from the literature and previous studies that septic tanks pose a great threat to water quality throughout the world, especially where large populations live near high quality water bodies such as the Norfolk Broads. Phosphorus and nutrient leaching appears to be the greatest threat, with eutrophication a growing problem in many areas. However, with little regulation and few records, it is hard to direct and enforce management where it is needed. Studies have shown that there are a number of common factors that control the risk septic tanks pose to watercourses, and GIS can be used to model these factors. Through this approach, it is possible to identify areas at risk from septic tank pollution and allow management to be targeted effectively. 
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Figure 1. Alderfen MCE and Septic Tanks





Figure 2. Burntfen MCE and Septic Tanks





Figure 3. Cockshoot MCE and Septic Tanks





Figure 4. Sotshole  MCE and Septic Tanks
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