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Partitioning washoff of manure-borne fecal indicators (Escherichia coli
and stanols) into splash and hydraulic components: field rainfall
simulations in a tropical agro-ecosystem.
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Overland flow from manured fields and pastures is known to be an important mechanism by which organisms of
faecal origin are transferred to streams in rural watersheds. In the tropical montane areas of South-East Asia, recent
changes in land use have induced increased runoff, soil erosion, in-stream suspended sediment loads resulting in
increased microbial pathogen dissemination and contamination of stream waters. The majority of enteric and environmental bacteria in aquatic systems are associated with particles such as sediments which can strongly influence
their survival and transport characteristics. Escherichia coli (E. coli) has emerged as one of the most appropriate
microbial indicators of faecal contamination of natural waters, with the presence of E. coli indicating that faecal
contamination is present. In association with E. coli, faecal stanols can also be used as microbial source tracking
tool for the identification of the origin of the faecal contamination (e.g. livestock, human, etc).
Field rain simulations were used to examine how E.coli and stanols are exported from the surface of upland,
agricultural soils during overland flow events. The objectives were to characterize the loss dynamics of these indicators from agricultural soils contaminated with livestock waste, and to partition total detachment into the splash
and hydraulic components. Nine 1m2 microplots were divided in triplicated treatment groups: (a) controls with no
amendments, (b) amended with pig manure or (c) poultry manure. Each plot was divided into two 0.5m2 rectangular subplots. For each simulation, one subplot was designated as a rain splash treatment; the other was covered with
2-mm grid size wire screen 10 cm above the soil surface to break the raindrops into fine droplets, thus drastically
reducing their kinetic energy. E. coli concentrations in overland flow were estimated for both the attached and free
living fractions and stanols were measured on the particulate matter washed off each sub-plot.
Rain splash reduced infiltration rate, enhanced overland flow generation and contributed greatly to sediment detachment and entrainment. It had a strong impact on the export of E. coli and stanols from the soil surface and
particle bound, rather than free E. coli dominated, although some differences were observed between treatment.
High stanol concentrations were measured in overland flow waters from amended plots and specific stanol fingerprints were found between plots amended with pig or poultry manure, suggesting that stanols can be used to
determine the origin of the faecal matter at the catchment scale in tropical rural environments.
This work underlines the importance of rain drop impacts on the washoff of manure-borne fecal indicator organisms and biomarkers; it also opens the door for the improvement of focused models on faecal bacteria and stanol
export that take into account both hydraulic and splash effects of rain induced erosion.

