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The health of Puget Sound is directly connected to its watersheds through the transport of
nutrient-laden sediment and other materials by surface runoff. Phosphorus loading is a particular
concern as excess phosphorus can lead to increased primary production, which can result in
eutrophication and hypoxic or anoxic conditions in surface waters. The decline in water quality can lead
to loss of aquatic life and taste and odor problems with drinking water, increased treatment costs for
drinking water facilities, and economic hardships in areas where salmon and other freshwater fisheries
and shellfish operations are present. While non-point source (NPS) pollutants, such as phosphorus, can
be difficult to quantify, the first step to controlling these inputs is to develop an understanding of their
sources.
Using geospatial and statistical analyses, we examined historical stream data from 13 long-term
stream gauges in the Puget Sound area, soil data, and data derived from remotely-sensed satellite
imagery for the Puget Sound Region of the State of Washington. NPS phosphorus sources were
quantified and categorized relative to land use, slope, soil texture, and erosion potential. The resulting
data were used to determine ‘hot spots’ where NPS phosphorus pollution loading is likely to originate.
Hot-spot analysis (Fig. 1) shows that for soluble reactive phosphorus, the transport to surface
waters in the Puget Sound region is most likely to originate from areas with an urban land use (r=0.63,
p=0.02), with urban open spaces having a greater potential for phosphorus loading than higher-density
urban areas. Areas with surface soil texture of a gravelly loam (r=0.54, p=0.04), a gravelly sandy loam
(r=0.56, p=0.05), or very gravelly loamy sand (r=0.62, p=0.02) were shown to have a greater potential for
phosphorus loading than other textures. Areas where the soil has a T-factor of 2 (r=−0.62, p=0.03) and
forested areas (r=−0.6, p=0.03) are least likely to contribute to soluble reactive phosphorus loads. Total
phosphate loads were correlated with areas with a soil texture of very gravelly loamy sand (r=0.83,
p=0.00) and areas where the soil has a T-factor of 5 (r=0.62, p=0.03). In addition to spatial trends,
temporal trends in NPS phosphorus data were examined. The seasonal trend suggested that the lowest
phosphorus loading occurs during the spring and highest the wet, fall months.
The ability to characterize and identify spatial-temporal trends of NPS pollution sources is key to
achieving mitigation and promoting sustainable management practices. The spatial patterns reported
here can be used in future land-use decisions to help prevent additional NPS phosphorus loading to area
waterbodies. Reduced phosphorus loads can help restore healthy surface waters that sustain life,
provide increased recreational and drinking water use, and lower economic costs for municipalities and
freshwater fisheries.

Fig. 1

Hot spot analysis of non-point source phosphorus-loading risk in the Puget Sound region.

