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3.3 Summary of Phosphorus Loadings by Basin 
3.3.1 Phosphorus Loadings by Source Category 

This assessment found that, under average flow conditions, the point source total phosphorus 

contribution represents 31 percent, while nonpoint sources of total phosphorus represent 69 percent 

of the loadings to surface waters, statewide (see Figure 3-7). The point source phosphorus loadings to 

surface waters are broken down in proportion to the influent phosphorus loadings (inflows) to 

wastewater treatment plants (WWTPs) in the state from each wastewater source category. This 

assumes that the proportion of the phosphorus load from each source category in the wastewater 

influent remains the same in the wastewater effluent (or treated discharge) from each treatment 

facility. Figure 3-7 shows for average flow conditions the major phosphorus nonpoint sources to 

surface waters are as follows: 

• cropland and pasture runoff (26%) 

• atmospheric deposition (13%) 

• commercial/industrial process water (12%) 

• streambank erosion (11%) 

• human waste products (11%) 

All of the remaining source category contributions are below 6 percent. The combination of 

residential and commercial automatic dishwasher detergent (ADWD) represents approximately 3 

percent of the total phosphorus contributions to surface waters in the state, during an average year. 

Under average flow conditions, the relative magnitude of the total phosphorus loadings from the sum 

of all source categories in the Upper Mississippi River basin is significantly higher than the 

remaining basins, with the second highest phosphorus loadings occurring in the Minnesota River 

basin (see Figure 3-8a). The Lower Mississippi and Red River basin total phosphorus loadings are 

approximately one-third less than the Minnesota River basin loadings. 

Figure 3-8a illustrates the relative magnitudes of each of the phosphorus source category loadings 

estimated for each basin under average flow conditions, while Figure 3-8b shows the same 

information normalized to the basin area, as another way to compare the phosphorus loadings from 

basin to basin. Figures 3-8a and 3-8b show that, relative to the other phosphorus source categories in 

each basin, agricultural runoff is a significant source of phosphorus in all but the Lake Superior and 

Rainy River basins. Human waste products are a significant source of phosphorus in the Upper 

Mississippi River basin, along with commercial/industrial process water and food soils.
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Figure 3-8a Total Phosphorus Loads to Minnesota Surface Waters - By Major Drainage Basin: Average Flow Conditions
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Figure 3-8b Watershed Total Phosphorus Yields to Minnesota Surface Waters - By Major Drainage Basin: Average Flow Conditions
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It should be noted that the data used for this study to assess point source loadings are from the years 

2001, 2002 and the first half of 2003. Since that time period, phosphorus removal was implemented 

at the MCES’ Metro WWTP. Because this one facility accounted for approximately 74 percent of the 

point source phosphorus load to the Upper Mississippi River basin and an estimated 40 percent 

statewide, continued phosphorus removal at this one facility will have a significant impact on the 

future relative phosphorus loads in this basin and the state. 

Figures 3-8a and 3-8b also show that atmospheric deposition comprises significant percentages of the 

annual phosphorus loads as follows: 

• Upper Mississippi River basin (11%) 

• Red River basin (29%) 

• St. Croix River basin (20%) 

• Rainy River basin (34%) 

This reflects the large amount of surface water and the relatively low amounts of other sources in 

these basins. 

Streambank erosion is a significant source of phosphorus in the Lower Mississippi River basin (34%) 

and, to a lesser degree, in the Minnesota River basin (14%).  Commercial/industrial process water is 

an important source of phosphorus in the Lower Mississippi (13%), Minnesota (15%), Des Moines 

(38%), and the Rainy River (10%) basins. Non-agricultural rural runoff sources of phosphorus are 

important in the Rainy River (27%) and Lake Superior (28%) basins. Finally, human waste products 

are a significant source of phosphorus in the Upper Mississippi (20%) and Cedar River (32%) basins.    

3.3.2 Phosphorus Source Category Loadings by Flow Condition 

Both total and bioavailable phosphorus source estimates vary significantly under each flow 

condition. This is the result of changes in the nonpoint source loading from different flow conditions. 

Point source loads remain constant for the three flow conditions. Total amount and relative source 

contributions are summarized in Table 3-18 which indicates that point sources of phosphorus are 

more bioavailable than nonpoint sources. 
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Table 3-18 Statewide phosphorus contributions of point and nonpoint sources by flow 
condition 

 

Under low flow conditions, the total point source phosphorus contribution represents 45 percent, 

while nonpoint sources of phosphorus represent 55 percent of the statewide loadings to surface 

waters. The expected load reduction of approximately 581,000 kg/yr associated with a 1 mg/L permit 

limit at the MCES Metro WWTP would shift the point source contribution to approximately 37 

percent of the total load and the nonpoint source contribution to 63 percent. Under low flow 

conditions, the bioavailable point source phosphorus contribution represents 57 percent of the 

statewide loadings to surface waters (see Table 3-18). The expected load reduction of approximately 

496,800 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTP would shift the 

point source contribution to approximately 50 percent of the total bioavailable phosphorus load.  

Under average flow conditions (see Table 3-18), the total point source phosphorus contribution drops 

to 31 percent, compared to 45 percent for the statewide loadings to surface waters under low flow 

conditions. The nonpoint source phosphorus loadings nearly double from low to average flow 

conditions.  

Under high flow conditions (see Table 3-18), the total point source phosphorus contribution drops to 

19 percent, compared to 31 and 45 percent for the statewide loadings to surface waters under average 

and low flow conditions, respectively.  Table 3-18 shows a 3.3-fold increase in nonpoint source 

phosphorus loadings from low to high flow conditions and a near two-fold increase from average to 

high flow conditions. 
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Table 3-19 presents the contributions of each source category to the total and bioavailable 

phosphorus loadings to surface waters in each basin and the state, by flow condition.  The importance 

of the total and bioavailable phosphorus contributions from each source category varies significantly 

by basin, and somewhat by flow condition.  Human waste products represent a significant portion of 

the total and bioavailable phosphorus loadings in the Upper Mississippi and Cedar River basins under 

each flow condition, and on a statewide basis, for the low and to a lesser extent average flow 

conditions.  During low flow conditions, human waste products contribute between 10 and 20 percent 

of the bioavailable phosphorus loadings in the Lake Superior and St. Croix, Lower Mississippi, Red, 

Missouri, and Minnesota River basins.  Commercial/industrial process water represents a significant 

portion of the total and bioavailable phosphorus loadings in the Upper Mississippi, Lower 

Mississippi, Minnesota, and Des Moines River basins under each flow condition, and on a statewide 

basis, for the low and to a lesser extent average flow conditions.  Phosphorus contributions from 

ISTS/unsewered communities are of relative importance in the St. Croix River basin. 

Cropland and pasture runoff represents significant total and bioavailable phosphorus loadings in the 

St. Croix, Lower Mississippi, Red, Missouri, Minnesota, Cedar and Des Moines River basins, and on 

a statewide basis, under all flow conditions.  The phosphorus contribution from cropland and pasture 

runoff is also significant in the Upper Mississippi River basin for the average and high flow 

conditions.  Atmospheric deposition represents a significant portion of the phosphorus loadings in the 

Lake Superior, St. Croix, Red, and Rainy River basins for each flow condition.  Non-agricultural 

rural runoff contributes a significant portion of the phosphorus loadings in the Lake Superior and 

Rainy River basins for each flow condition.  It should be noted, based on the analyses used in this 

study, that the typical rate of total phosphorus export from each acre of non-agricultural land is 

approximately four times lower than the corresponding load from each acre of contributing 

agricultural land (cropland and pasture).  Finally, Table 3-19 shows that streambank erosion is an 

important source of phosphorus under high flow conditions for all of the basins, and is fairly 

significant in the Lake Superior, Lower Mississippi, Rainy and Missouri River basins under average 

flow conditions.  Streambank erosion can also contribute somewhat significant amounts of total 

phosphorus statewide and to the Minnesota and Cedar River basins under average flow conditions. 
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Table 3-19 Major Source Category Contributions of Total and Bioavailable Phosphorus to Each Basin and the State, by Flow Condition 
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