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Groundwater pollution risks from on-site sanitation 
A synopsis compiled by M. Strauss
2000
Where on-site sanitation systems with unsealed pits for excreta storage or with liquid soakage pits and drainfields are used, there exists a potential risk of microbiological and chemical groundwater pollution. The risk is particularly high for shallow groundwater covered by only a few meters of permeable strata. It is virtually zero for groundwater flowing in deeper aquifers which are usually protected by impermeable strata. This section focuses on the risk by pathogens, yet it must be noted that chemical pollution from human excreta and household greywater (such as through nitrate) may also play a role. Also, dissolved chemical pollutants usually travel longer distances in soils than pathogens (Caldwell and Parr 1937 and 1938 and Dyer and Bhaskharan 1945, cited in Wagner and Lanoix 1958). A rule of thumb requiring a safety distance of 15-30 m between latrines and wells was stipulated as early as the 1950ies (Wagner and Lanoix 1958; California State Water Pollution Control Board 1954). The rule, admittedly easy to handle by sanitation planners and field workers, has persisted and been repeatedly cited since then. It does, however, not take into account that actual groundwater pollution and the concurrent public health implications are dependant on many factors and conditions. It may be overly strict in some and overly lenient in other cases. Where, as in low-income housing areas of cities in developing countries, the distance between a latrine and a well may have to be as short as 4-5 m due to the smallness of plots, demanding a distance of even 15 m is impractical. Also, it may not be necessary if soils are finely divided (and hence forming an effective barrier against long travel of pollutants), and gradients of groundwater flow and rates of groundwater extraction for family use are low. On the other hand, where the strata underlying a latrine pit are porous, deeply weathered or consist of fissured rocks, or where the gradient of groundwater flow is high, contaminated liquids may reach the groundwater table in a short period of time and travel a long distance within the groundwater before pathogens may have died off. In such cases, as investigated e.g. by Stenström (1995) in Kenya, the safety distance may have to be increased well beyond 30 m. Once bacteria and viruses may have reached the groundwater, they can horizontally travel relatively long distances. These will be determined by the flow velocity and groundwater temperature. In aquifers exhibiting between 20-30 °C, maximum travel distances of bacteria and viruses, i.e. distances at which the organisms could be detected, are equivalent to a groundwater travel time of 10-15 days (Lewis, Foster and Drasar 1982; Schertenleib 1984).
Several factors play a role and must interact for a potential risk of groundwater pollution to turn into actual pollution . The important factors are:

· Characteristics of the strata (soils, rocks) between an infiltration pit or field and the groundwater table

· Distance between the bottom of a latrine pit and the groundwater table, i.e. the depth of the so-called unsaturated zone
· Whether the latrine pit reaches into the groundwater seasonally, i.e. at high groundwater table during rainy seasons, or permanently
· The hydraulic gradient and the rate of groundwater flow
· Hydraulic loading from the sanitary installation; this is related to the type of on-site installation, i.e. “dry” latrines with minimal water use vs. “wet” installations such as pour-flush latrines or septic tank soak pits receiving both black and greywater
· Depth of the filter screen below the groundwater surface in a tube or bored well (vertical permeability in unconsolidated soils is much lower than horizontal permeability)
· The temperature in the soil strata and in the aquifer, as the major factor determining pathogen die-off.
Unsaturated, well-graded and finely divided, so-called unconsolidated soils constitute a very effective defense against the penetration of microorganisms, helminth eggs and protozoal cysts and their reaching the groundwater table (Lewis, Foster and Drasar 1982; Schertenleib 1984). Therefore, the ideal situation is where the groundwater level does not reach latrine pits year-round and an unsaturated soil layer can act as a permanent barrier.

Excreted pathogens exhibit differing behaviours of movement in soil and groundwater as a function of their size and surface characteristics, the electric charge in particular. Stenström (1995), based on an investigation focusing on one latrine pit and one observation well in Kenya, hypothesises that excxreted helminth eggs and protozoa (with perhaps the exception of oocysts of Cryptosporidium) are likely to be eliminated by the soil matrix. Moreover, many pathogenic bacteria may be inactivated below their infective dose. However, the author reckons that viruses and bacteria such as Shigella, Salmonella typhi and haemorrhagic E.coli may reach a well in high enough concentrations to cause infection if ingested. This is related to the low infective dose of viruses and the rather long persistence of the listed bacterial pathogens. Further to this, local circumstances determine whether faecally polluted groundwater – by acting as a potential vehicle of gastrointestinal infections – will have a public health impact or not. The following factors and conditions play a role:
· Type of water supply, i.e. individual shallow wells vs. deep municipal wells vs. other types of drinking water source

· Existence of other routes of pollution of shallow groundwater (e.g. by polluted surface water  percolating alongside the outer walls or tubes of wells or into the aquifer otherwise; direct pollution of uncovered dug wells and through unhygienic water lifting)
· Existence of other routes of transmission of gastrointestinal infections which may play a dominant role in the particular society, such as person-to-person transmission due to inadequate personal hygiene; faeacl contamination of crops through fertilisation or irrigation of crops with untreated excreta or wastewtar; faecal contamination of food due to improper kitchen hygiene; drinking of faecally contaminated water.
In areas where the contaminated water is not extracted for drinking purposes, and drinking water is supplied from deep and geologically well protected groundwater or through piped systems fed with water from a distant source not at risk from pollution, the microbial pollution of groundwater is of no further relevance. However, many examples are known and continue to exist to date, where on-site sanitation systems have been incriminated to be the source of spread of gastrointestinal infections by contaminated groundwater (Stenström 1995). The fact that there exists a potential risk of groundwater pollution through on-site systems has been used at times to uncritically discriminate on-site sanitation options as unfeasible and advocate sewered sanitation instead (Jackson 1997).
It is obvious from the above that each situation has to be looked at and investigated upon on its own merits, particularly where larger improvement programmes for sanitation infrastructure are being planned and impelemented. The above cited factors and conditions must be assessed in order to determine whether or not there exists a groundwater pollution risk and a likelyhood of use of contaminated groundwater for drinking purposes. Two strategic choices exist in case the groundwater pollution and concommittant disease transmission risk is deemed real, based on a rational judgement of the situation:

· If circumstances exclude the sustainable use of sewered sanitation (due e.g. to the non-affordability of low-income families, or to the non-feasibility of installing in-house water supply): seeking alternative on-site options which minimize or eliminate groundwater pollution, such as double-vault, no-mix latrines; latrines with raised pits and infiltration mounds; the use of a sand/silt envelope around the lined, yet permeable pit of a latrine or of a wastewater infiltration/soak pit or drainfield
· If circumstances preclude the use of on-site systems while at the same time not excluding sewered sanitation for economic or technical reasons: choosing sewered excreta disposal options such as simplified sewerage
Guidelines for judging the potential risk of and at the same time preventing groundwater pollution were formulated by Lewis, Foster and Drasar (1982), Roy et al. 1984 and Schertenleib (1984). They comprise:

· 2-3 m of unsaturated and unconsolidated, silty-clayey soil effectively protects the aquifer from faecal contamination; in such a case, the horizontal distance between a pit and a well may be as little as 3-5 m
· In sandy soils, an unsaturated layer of several meters of fine textured soil is required for effective groundwater protection
If pits reach into the saturated zone, groundwater levels seasonally raise to pit levels, or if pits need to be constructed in porous or fissured strata, 50 cm of sand envelope (with sand of an effective size  2 mm) are likely to effectively reduce pathogen travel in the saturated zone
Where pits reach into the groundwater, safety distances to wells from which drinking water is extracted depend on the hydraulic gradient of the aquifer and on the estimated distance covered by the groundwater equivalent to 10-15 days of travel in tropical climate.
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