
Five Stage Model for the Stormwater Runoff Pollution Process 

In order to understand the problem of non point source pollutants in stormwater runoff 

and to identify solutions, it is helpful to look at the life cycle of pollution, an outlook also used 

by Barron and Ng in their assessment of environmental policy instruments. They find that “a 

more comprehensive view of management extends the range of options backward from the 

point of waste generation to the consumption processes and ultimately the use of resources in 

the production processes themselves.”i In dealing with solid waste management, they view a 

product lifecycle as including “raw material acquisition, material processing, product 

fabrication, packaging and distribution, consumer use, and disposal.” ii To focus on the problem 

of polluted surface runoff, I will expand the idea of “disposal,” while simultaneously contracting 

the steps which make up product fabrication. The life cycle of non-point source pollution in 

surface runoff can thus be broken down into five stages: I) manufacture, II) distribution, III) 

watershed introduction, IV) surface runoff transport, and V) entrance to Puget Sound.  

 

Figure 1.1 Five Stage Model of the Surface Runoff Pollution Process 

 Different policies may address one or more of these five stages. Barron and Ng view 

policies as addressing either supply or demand and categorize them broadly into direct 

regulation, market-based measures or education-information. However, I will continue to use 

the life cycle framework when examining possible ways to address non point source pollution in 

surface runoff. 
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Manufacture In Stage I, the pollutants are manufactured or otherwise produced. 

Because there are tens or hundreds of different types of pollutants, the activities which are part 

of Stage I are extremely diverse, ranging from the industrial manufacture of plastic to a dog 

defecating on a lawn. Government entities at all levels have taken steps to address pollutants at 

the earliest stages. The United States banned DDT in 1972,iii and PCBs in 1979.iv Washington 

state passed legislation in early 2010 to regulate levels of copper in automobile brake pads,v,vi 

and banned bisphenol A (BPA) in plastics used for infants or in sports water bottles during the 

same legislative session.vii,viii Manufacturers may also take direct action at this level without 

waiting for government regulation: Nalgene, the popular container manufacturer, began to 

phase out BPA from its products in 2008.ix Issues of political or economic feasibility may make it 

difficult for comprehensive government regulation of all pollutants to be passed, and the 

workings of government can often be painfully slow when viewed in light of annual toxic 

loading in the millions of pounds. It must also be noted that both government regulation and 

industry decisions may be driven by the general public, as well as by interest group lobbyists—

Nalgene cited consumer demand in its BPA decision—and therefore influencing the public at 

other stages can also affect Stage I policies in the long term. 

Distribution In Stage II, the pollutants or polluting substances are distributed. This is 

affected by complex economic decisions sending products to a market, and by consumer 

choices to purchase and/or use an item. Distribution may also be decided by a simple decision 

such as where to walk the dog. As with Stage I, governmental regulation can also be effective at 

this stage, through policies in Barron and Ng’s category of market-based measures, or “fiscal 

measures to encourage certain management approaches.”x A recent attempt to address 



pollution in Puget Sound through government regulation was a proposed fee in the city of 

Seattle for plastic bags, which are the fourth most common marine debris in the US and in the 

world.xi The measure failed to pass voters in November 2009,xii an outcome which 

environmental groups blamed on vast cash infusions by the chemical industry which produces 

plastic bags.1 

Watershed Introduction In Stage III pollutants enter the watershed. This may be 

simultaneous with Stage I for some pollutants, but for others Stage III may also be at a great 

distance, both temporally and spatially, from Stage I. Interrupting the pollution process at this 

stage may involve education campaigns promoting recycling of potentially polluting items, a 

municipal waste collection program, or regulations mandating treatment of waste water 

discharges. 

Surface Runoff Transport In Stage IV natural stream flow or stormwater flow after a rain 

event transports pollutants through the watershed.  This is enhanced by non-impervious 

surfaces creating larger and stronger flows, and solutions at this stage focus on arresting 

stormwater flows. An entire discipline has grown up under the term Low Impact Development 

(LID), which seeks to preserve or recreate natural water flow, filtration and retention functions 

in developed landscapes.xiii LID practices can be used for addressing large sites, such as EPA 

headquarters,xiv or on the scale of a small, single family home. Homeowners may also use rain 

gardens, organic stormwater filtration systems in which a depression filled with permeable soil 

allows stormwater to enter ground water rather than flowing over the surface. There are many 
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organizations in the Puget Sound region promoting LID practices, including rain gardens. Seattle 

Public Utilities has a rain garden program called RainWise,xv the Washington State University’s 

Extension is also working to expand rain garden use in Puget Sound,xvi and the Puget Sound 

Partnership provides information and a list of LID resources on its website.xvii 

Entrance to Puget Sound In Stage V pollutants enter the marine ecosystem of Puget 

Sound. Once in the ecosystem, those pollutants which take the form of particulate matter may 

settle into the sediments or remain in the water column. Some toxic chemicals, such as PCBs or 

DDT,xviii are lipid soluble and enter the food web via filter feeders, or through larger organisms 

ingesting plastics. Solutions at this stage must focus on clean up or mitigation, and vary 

according to the type of pollutants targeted. Beach or coastal cleanups may take on removal of 

objects visible to the human eye. Many cleanup events are organized by environmental 

organizations such as the Ocean Conservancy, which spearheads the annual International 

Coastal Cleanup each fall.xix Particulate matter, measured in parts per million, however, is far 

more troublesome to contain, particularly those particles that remain in the water column. 

Pollutants which enter the sediments may be capped with uncontaminated fill, dredged and 

either decontaminated or contained, or treated in place by steam injection.xx 
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