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Michigan climate is characterized by hot-humid summers, cold winters with 
snowfall, and wet springs. The state receives an average of 30-40 inches of 
precipitation annually. This climate creates a long period of pollutant build-up 
deposited on land during dry weather (November-March) that are washed away in 
spring when the snow starts to melt into rivers and lakes. The initial storms of the 
spring season usually have high pollutant concentrations, which create a first-flush 
phenomenon. These microbial pollutants may originate from different sources 
such as animal waste, runoff from agricultural fields with manure and biosolid
applications, leaking septic system, combined sewer outflows etc.

Water samples were collected during spring and summer of 2013 and 2014 from 
Red Cedar River, a stream flowing through farmland and receiving wastewater 
effluent from several municipalities in central Michigan. The samples were 
analyzed for a fecal indicator (E.coli), human and bovine-associated Bacteroides
markers, and nitrates. The objectives of the study are to:
1. Monitor microbial water quality of the Red Cedar river 
2. Evaluate first-flush phenomena (spring snow melt), and summer storms on 

the river microbial pollution load
3. Identify pollution sources discharged into Red Cedar River

• We observed first-flush phenomena for microbiological contaminants and nitrates 
following spring snow-melt events in 2013 and 2014.

• The peak concentrations of E.coli, Bacteroides and nitrates are associated with 
river discharge peaks during spring snow melt events in 2013 and 2014 and 
summer rainfall events in 2013. 

• The occurrence and concentration of elevated E.coli levels indicates the Red Cedar 
River at the campus sub-watershed has significant fecal contamination.

• High bovine-associated bacteroides and nitrate concentrations indicate manure 
application at farmland is an important source of  pollution in this sub-watershed. 

• The presence of human-associated bacteroides indicate the impact of combined 
sewer overflows or leaking septic tanks.
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Fig 1. Study area  (left: Red Cedar watershed and sampling site; right: Land cover of the campus sub-
watershed)
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