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3.4 Phosphorus Sources and Estimated Amounts Contributed to 
Surface Waters (by Basin, Total and Bioavailable) 
This section is intended to present the results of the total and bioavailable phosphorus loading 

estimates to surface waters from each source category, by basin.  The following sections provide a 

detailed discussion of the results of the phosphorus loading estimates for each major basin and the 

state, including assessments of which phosphorus source categories are important at varying flow 

conditions.   

3.4.1 Statewide Inventory 

This section discusses the results of all of the combined phosphorus source estimates for all of the 

basins in the state under each flow condition for total and bioavailable phosphorus.   

3.4.1.1 Dry Conditions (Low Flow) 

3.4.1.1.1 Total Phosphorus 

Figure 3-9 shows that, 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 WWTF would shift the point source contribution to 

approximately 37 percent of the total load and nonpoint source to 63 percent.  Figure 3-9 shows that 

commercial/industrial process water and human waste products represent 38 and 35 percent, 

respectively, of the point source total phosphorus contributions.  The remaining point source 

categories contribute less than 14 percent of the statewide point source loadings.  The combination of 

residential and commercial automatic dishwasher detergent represents approximately 10 percent of 

the point source total phosphorus contributions.  As shown in Figure 3-9, cropland and pasture runoff 

and atmospheric deposition represent 33 and 30 percent, respectively, of the nonpoint source total 

phosphorus loadings, with the remaining nonpoint source contributions below 11 percent. 

3.4.1.1.2 Bioavailable Phosphorus 

Figure 3-10 shows that, under low flow conditions, the bioavailable point source phosphorus 

contribution represents 57 percent of the statewide loadings to surface waters.  The expected load 

reduction of approximately 496,800 kg/yr associated with a 1 mg/L permit limit at the MCES Metro 

WWTF would shift the point source contribution to approximately 50 percent of the total 

bioavailable phosphorus load.  Figure 3-10 shows that commercial/industrial process water and 

human waste products represent 40 and 35 percent, respectively, of the point source bioavailable 

phosphorus contributions.  The remaining point source categories contribute less than 12 percent of 

the statewide point source loadings.  The combination of residential and commercial automatic 

dishwasher detergent represents approximately 10 percent of the point source bioavailable  



Figure 3-9

Nonpoint Source: 
2,638,067 kg/yr, 

55%

Point Source: 
2,123,930 kg/yr, 

45%

Estimated Total Phosphorus Contributions to Minnesota Surface Waters 
Statewide

Dry, Low Flow Water Year

• Atmospheric Deposition
• Cropland and Pasture Runoff
• Feedlots
• Individual Sewage Treatment
  Systems (ISTS)/Unsewered 
  Communities
• Non-Agriculture Rural Runoff
• Roadway and Sidewalk
  Deicing Chemicals
• Stream Bank Erosion
• Urban Runoff

• Commercial Automatic 
  Dishwasher Detergent
• Commercial/Industrial Process
   Water
• Dentifrices
• Food Soils/Garbage Disposal
   Waste
• Groundwater Intrusion (I&I)
• Residential Automatic 
  Dishwasher Detergent
• Human Waste Products
• Noncontact Cooling Water
• Raw/Finished Water Supply

Expected Load Reduction (581,044 kg P/yr) 
Associated with a 1 mg P/L Effluent Discharge 

Limit at the MCES Metro WWTF
 (Effective 12/31/05)

Nonpoint Source 
Total Phosphorus Contributions 

Atmospheric 
Deposition: 

789,241 kg/yr, 
29.9%

Urban Runoff: 
283,858 kg/yr, 

10.8%

Non-Agricultural 
Rural Runoff: 
236,238 kg/yr, 

9.0%

Roadway and 
Sidewalk 
Deicing 

Chemicals: 
47,326 kg/yr, 

1.8%

Feedlots: 
32,017 kg/yr, 

1.2%

Agricultural Tile 
Drainage 

(subsurface 
flows and 

surface tile 
inlets): �62,938 

kg/yr, 2.4%

Cropland and 
Pasture Runoff: 
870,283 kg/yr, 

33.0%

Individual 
Sewage 

Treatment 
Systems (ISTS) 

/ Unsewered 
Communities: 
253,867 kg/yr, 

9.6%

Stream Bank 
Erosion: 62,300 

kg/yr, 2.4%

 Point Source 
Total Phosphorus Contributions

Raw/Finished 
Water Supply: 
55,788 kg/yr, 

2.6%

Human Waste 
Products: 

741,615 kg/yr, 
34.9%

Dentifrices: 
17,494 kg/yr, 

0.8%

Commercial/ 
Industrial 

Process Water: 
815,674 kg/yr, 

38.4%

Groundwater 
Intrusion (I&I): 
1,277 kg/yr, 

<0.1%

Noncontact 
Cooling Water: 
14,278 kg/yr, 

0.7%

Food Soils/ 
Garbage 
Disposal 

Waste: 288,183 
kg/yr, 13.6%

Residential 
Automatic 

Dishwashing 
Detergent: 

129,287 kg/yr, 
6.1%

Commercial 
Automatic 

Dishwasher 
Detergent: 

60,335 kg/yr, 
2.8%

(Based on data from NPDES/SDS Permit Discharge 
Monitoring Reports, 2001 through mid-2003.)
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Figure 3-10

Nonpoint Source: 
1,472,784 kg/yr, 

43%

Point Source: 
1,975,757 kg/yr, 

57%

Estimated Bioavailable P Contributions to Minnesota Surface Waters 
Statewide

Dry, Low Flow Water Year

• Atmospheric Deposition
• Cropland and Pasture Runoff
• Feedlots
• Individual Sewage Treatment
  Systems (ISTS)/Unsewered 
  Communities
• Non-Agriculture Rural Runoff
• Roadway and Sidewalk
  Deicing Chemicals
• Stream Bank Erosion
• Urban Runoff

• Commercial Automatic 
  Dishwasher Detergent
• Commercial/Industrial Process
   Water
• Dentifrices
• Food Soils/Garbage Disposal
   Waste
• Groundwater Intrusion (I&I)
• Residential Automatic 
  Dishwasher Detergent
• Human Waste Products
• Noncontact Cooling Water
• Raw/Finished Water Supply

Expected Load Reduction (496,793 kg P/yr) 
Associated with a 1 mg P/L Effluent Discharge 

Limit at the MCES Metro WWTF
 (Effective 12/31/05)

Nonpoint Source 
Bioavailable P Contributions 

Atmospheric 
Deposition: 

286,132 kg/yr, 
19.4%

Urban Runoff: 
166,082 kg/yr, 

11.3%

Non-Agricultural 
Rural Runoff: 
137,959 kg/yr, 

9.4%

Roadway and 
Sidewalk 
Deicing 

Chemicals: 
43,540 kg/yr, 

3.0%

Feedlots: 
25,614 kg/yr, 

1.7%

Agricultural Tile 
Drainage 

(subsurface 
flows and 

surface tile 
inlets): �37,570 

kg/yr, 2.6%

Cropland and 
Pasture Runoff: 
504,764 kg/yr, 

34.3%

Individual 
Sewage 

Treatment 
Systems (ISTS) 

/ Unsewered 
Communities: 
243,712 kg/yr, 

16.5%

Stream Bank 
Erosion: 27,412 

kg/yr, 1.9%

 Point Source 
Bioavailable P Contributions

Commercial 
Automatic 

Dishwasher 
Detergent: 

60,335 kg/yr, 
3.1%

Residential 
Automatic 

Dishwashing 
Detergent: 

129,287 kg/yr, 
6.5%

Food Soils/ 
Garbage 
Disposal 

Waste: 230,547 
kg/yr, 11.7%

Noncontact 
Cooling Water: 
12,564 kg/yr, 

0.6%

Groundwater 
Intrusion (I&I): 

830 kg/yr, 
<0.1%

Commercial/ 
Industrial 

Process Water: 
791,203 kg/yr, 

40.0%

Dentifrices: 875 
kg/yr, <0.1%

Human Waste 
Products: 

697,118 kg/yr, 
35.3%

Raw/Finished 
Water Supply: 
52,999 kg/yr, 

2.7%

(Based on data from NPDES/SDS Permit Discharge 
Monitoring Reports, 2001 through mid-2003.)
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phosphorus contributions.  As shown in Figure 3-10, cropland and pasture runoff, atmospheric 

deposition and ISTS/unsewered communities represent approximately 34, 19 and 17 percent, 

respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint 

source contributions below 12 percent.  A comparison of Figures 3-9 and 3-10 generally indicates 

that point sources of phosphorus are more bioavailable than nonpoint sources.  Looking more 

specifically at each source category in comparing Figures 3-9 and 3-10, indicates that 

ISTS/unsewered communities exhibits a significant increased contribution, while atmospheric 

deposition exhibits a significant decreased contribution, relative to the other sources for the 

bioavailable contribution of phosphorus.  The relative shift for the remaining source categories is less 

than 2 percent in comparing the bioavailable and total phosphorus contributions in each figure. 

3.4.1.2 Average Condition 

3.4.1.2.1 Total Phosphorus 

Under average flow conditions, Figure 3-11 shows that 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 expected load reduction of approximately 581,000 kg/yr associated with a 1 

mg/L permit limit at the MCES Metro WWTF would shift the point source contribution to 

approximately 25 percent of the total load.  As presented in Figure 3-11, cropland and pasture runoff, 

atmospheric deposition, and streambank erosion represent 39, 19 and 16 percent, respectively, of the 

nonpoint source total phosphorus loadings, with the remaining nonpoint source contributions below 9 

percent.  Compared to low flow conditions (Figure 3-9), Figure 3-11 shows that the relative statewide 

nonpoint source contributions of total phosphorus increased significantly for streambank erosion, 

increased slightly for cropland and pasture runoff, decreased somewhat for urban runoff, and 

decreased significantly for atmospheric deposition and ISTS/unsewered communities. 

3.4.1.2.2 Bioavailable Phosphorus 

Under average flow conditions, Figure 3-12 shows that the bioavailable point source phosphorus 

contribution drops to 44 percent, compared to 57 percent for the statewide loadings to surface waters 

under low flow conditions.  The expected load reduction of approximately 496,800 kg/yr associated 

with a 1 mg/L permit limit at the MCES Metro WWTF would shift the point source contribution to 

approximately 37 percent of the total bioavailable phosphorus load.  As presented in Figure 3-12, 

cropland and pasture runoff, atmospheric deposition, and streambank erosion represent 40, 13 and 

13 percent, respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining 

nonpoint source contributions below 10 percent.  Compared to low flow conditions (Figure 3-10), 

Figure 3-12 shows that the relative statewide nonpoint source contributions of bioavailable 

phosphorus increased significantly for streambank erosion, increased slightly for cropland and  



Figure 3-11

Point Source: 
2,123,930 kg/yr, 

31%
Nonpoint Source: 
4,659,704 kg/yr, 

69%

Estimated Total Phosphorus Contributions to Minnesota Surface Waters 
Statewide

 Average Flow Water Year

• Atmospheric Deposition
• Cropland and Pasture Runoff
• Feedlots
• Individual Sewage Treatment
  Systems (ISTS)/Unsewered 
  Communities
• Non-Agriculture Rural Runoff
• Roadway and Sidewalk
  Deicing Chemicals
• Stream Bank Erosion
• Urban Runoff

• Commercial Automatic 
  Dishwasher Detergent
• Commercial/Industrial Process
   Water
• Dentifrices
• Food Soils/Garbage Disposal
   Waste
• Groundwater Intrusion (I&I)
• Residential Automatic 
  Dishwasher Detergent
• Human Waste Products
• Noncontact Cooling Water
• Raw/Finished Water Supply

Expected Load Reduction (581,044 kg P/yr) 
Associated with a 1 mg P/L Effluent Discharge 

Limit at the MCES Metro WWTF
 (Effective 12/31/05)

 Nonpoint Source 
Total Phosphorus Contributions 

Stream Bank 
Erosion: 

749,690 kg/yr, 
16.1%

Agricultural Tile 
Drainage 

(subsurface 
flows and 

surface tile 
inlets): 124,000 

kg/yr, 2.7%

Cropland and 
Pasture Runoff: 
1,793,968 kg/yr, 

38.5%

Individual 
Sewage 

Treatment 
Systems (ISTS) 

/ Unsewered 
Communities: 
253,867 kg/yr, 

5.4%

Feedlots: 
64,564 kg/yr, 

1.4%

Atmospheric 
Deposition: 

885,704 kg/yr, 
19.0%

Urban Runoff: 
325,046 kg/yr, 

7.0%

Roadway and 
Sidewalk 
Deicing 

Chemicals: 
74,114 kg/yr, 

1.6%

Non-Agricultural 
Rural Runoff: 
388,751 kg/yr, 

8.3%

Point Source
 Total Phosphorus Contributions

Raw/Finished 
Water Supply: 
55,788 kg/yr, 

2.6%

Groundwater 
Intrusion (I&I): 
1,277 kg/yr, 

<0.1%

Human Waste 
Products: 

741,615 kg/yr, 
34.9%

Dentifrices: 
17,494 kg/yr, 

0.8%

Food Soils/ 
Garbage 
Disposal 

Waste: 288,183 
kg/yr, 13.6%

Commercial 
Automatic 

Dishwasher 
Detergent: 

60,335 kg/yr, 
2.8%

Residential 
Automatic 

Dishwashing 
Detergent: 

129,287 kg/yr, 
6.1%

Noncontact 
Cooling Water: 
14,278 kg/yr, 

0.7%

Commercial/ 
Industrial 

Process Water: 
815,674 kg/yr, 

38.4%

(Based on data from NPDES/SDS Permit Discharge 
Monitoring Reports, 2001 through mid-2003.)
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Figure 3-12

Point Source: 
1,975,757 kg/yr, 

44%
Nonpoint Source: 
2,559,026 kg/yr, 

56%

Estimated Bioavailable P Contributions to Minnesota Surface Waters 
Statewide

 Average Flow Water Year

• Atmospheric Deposition
• Cropland and Pasture Runoff
• Feedlots
• Individual Sewage Treatment
  Systems (ISTS)/Unsewered 
  Communities
• Non-Agriculture Rural Runoff
• Roadway and Sidewalk
  Deicing Chemicals
• Stream Bank Erosion
• Urban Runoff

• Commercial Automatic 
  Dishwasher Detergent
• Commercial/Industrial Process
   Water
• Dentifrices
• Food Soils/Garbage Disposal
   Waste
• Groundwater Intrusion (I&I)
• Residential Automatic 
  Dishwasher Detergent
• Human Waste Products
• Noncontact Cooling Water
• Raw/Finished Water Supply

Expected Load Reduction (496,793 kg P/yr) 
Associated with a 1 mg P/L Effluent Discharge 

Limit at the MCES Metro WWTF
 (Effective 12/31/05)

 Nonpoint Source 
Bioavailable P Contributions 

Stream Bank 
Erosion: 

329,864 kg/yr, 
12.9%

Agricultural Tile 
Drainage 

(subsurface 
flows and 

surface tile 
inlets): 74,020 

kg/yr, 2.9%

Cropland and 
Pasture Runoff: 
1,040,501 kg/yr, 

40.7%

Individual 
Sewage 

Treatment 
Systems (ISTS) 

/ Unsewered 
Communities: 
243,712 kg/yr, 

9.5%

Feedlots: 
51,651 kg/yr, 

2.0%

Atmospheric 
Deposition: 

334,363 kg/yr, 
13.1%

Urban Runoff: 
190,170 kg/yr, 

7.4%

Roadway and 
Sidewalk 
Deicing 

Chemicals: 
68,185 kg/yr, 

2.7%

Non-Agricultural 
Rural Runoff: 
226,560 kg/yr, 

8.9%

Point Source
 Bioavailable P Contributions

Raw/Finished 
Water Supply: 
52,999 kg/yr, 

2.7%

Groundwater 
Intrusion (I&I): 

830 kg/yr, 
<0.1%

Human Waste 
Products: 

697,118 kg/yr, 
35.3%

Dentifrices: 875 
kg/yr, <0.1%

Food Soils/ 
Garbage 
Disposal 

Waste: 230,547 
kg/yr, 11.7%

Commercial 
Automatic 

Dishwasher 
Detergent: 

60,335 kg/yr, 
3.1%

Residential 
Automatic 

Dishwashing 
Detergent: 

129,287 kg/yr, 
6.5%

Noncontact 
Cooling Water: 
12,564 kg/yr, 

0.6%

Commercial/ 
Industrial 

Process Water: 
791,203 kg/yr, 

40.0%

(Based on data from NPDES/SDS Permit Discharge 
Monitoring Reports, 2001 through mid-2003.)
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pasture runoff, decreased somewhat for urban runoff, and decreased significantly for atmospheric 

deposition and ISTS/unsewered communities. 

3.4.1.3 Wet Condition (High Flow) 

3.4.1.3.1 Total Phosphorus 

Under high flow conditions, Figure 3-13 shows that 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.  The expected load reduction of approximately 

581,000 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTF would shift the 

point source contribution to approximately 15 percent of the total load.  As presented in Figure 3-13, 

streambank erosion, cropland and pasture runoff, and atmospheric deposition represent 40, 31 and 11 

percent, respectively, of the nonpoint source total phosphorus loadings, with the remaining nonpoint 

source contributions below 7 percent.  Compared to average flow conditions (Figure 3-11), 

Figure 3-13 shows that the relative statewide nonpoint source contributions of total phosphorus 

increased significantly for streambank erosion, decreased slightly for cropland and pasture and non-

agricultural rural runoff, decreased somewhat for urban runoff, and decreased significantly for 

atmospheric deposition and ISTS/unsewered communities. 

3.4.1.3.2 Bioavailable Phosphorus 

Under high flow conditions, Figure 3-14 shows that the bioavailable point source phosphorus 

contribution drops to 30 percent, compared to 44 and 57 percent for the statewide loadings to surface 

waters under average and low flow conditions, respectively.  The expected load reduction of 

approximately 496,800 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTF 

would shift the point source contribution to approximately 24 percent of the total load.  As presented 

in Figure 3-14, streambank erosion, cropland and pasture runoff, and atmospheric deposition 

represent 34, 34 and 9 percent, respectively, of the nonpoint source bioavailable phosphorus 

loadings, with the remaining nonpoint source contributions at or below 7 percent.  Compared to 

average flow conditions (Figure 3-12), Figure 3-14 shows that the relative statewide nonpoint source 

contributions of bioavailable phosphorus increased significantly for streambank erosion, decreased 

slightly for cropland and pasture and non-agricultural rural runoff, decreased somewhat for urban 

runoff, and decreased significantly for atmospheric deposition and ISTS/unsewered communities. 



Figure 3-13

Nonpoint Source: 
8,932,735 kg/yr, 

81%

Point Source: 
2,123,930 kg/yr, 

19%

Estimated Total Phosphorus Contributions to Minnesota Surface Waters 
Statewide

Wet, High Flow Water Year

• Atmospheric Deposition
• Cropland and Pasture Runoff
• Feedlots
• Individual Sewage Treatment
  Systems (ISTS)/Unsewered 
  Communities
• Non-Agriculture Rural Runoff
• Roadway and Sidewalk
  Deicing Chemicals
• Stream Bank Erosion
• Urban Runoff

• Commercial Automatic 
  Dishwasher Detergent
• Commercial/Industrial Process
   Water
• Dentifrices
• Food Soils/Garbage Disposal
   Waste
• Groundwater Intrusion (I&I)
• Residential Automatic 
  Dishwasher Detergent
• Human Waste Products
• Noncontact Cooling Water
• Raw/Finished Water Supply

Expected Load Reduction (581,044 kg P/yr) 
Associated with a 1 mg P/L Effluent Discharge 

Limit at the MCES Metro WWTF
 (Effective 12/31/05)

Nonpoint Source 
Total Phosphorus Contributions 

Stream Bank 
Erosion: 

3,605,900 kg/yr, 
40.4%

Individual 
Sewage 

Treatment 
Systems (ISTS) 

/ Unsewered 
Communities: 
253,867 kg/yr, 

2.8%

Cropland and 
Pasture Runoff: 
2,758,542 kg/yr, 

30.9%

Agricultural Tile 
Drainage 

(subsurface 
flows and 

surface tile 
inlets): 181,919 

kg/yr, 2.0%

Feedlots: 
109,804 kg/yr, 

1.2%

Roadway and 
Sidewalk 
Deicing 

Chemicals: 
102,966 kg/yr, 

1.2%

Non-Agricultural 
Rural Runoff: 
554,968 kg/yr, 

6.2%
Urban Runoff: 
359,884 kg/yr, 

4.0%

Atmospheric 
Deposition: 

1,004,885 kg/yr, 
11.2%

Point Source 
Total Phosphorus Contributions

Commercial 
Automatic 

Dishwasher 
Detergent: 

60,335 kg/yr, 
2.8%

Residential 
Automatic 

Dishwashing 
Detergent: 

129,287 kg/yr, 
6.1%

Food Soils/ 
Garbage 
Disposal 

Waste: 288,183 
kg/yr, 13.6%

Noncontact 
Cooling Water: 
14,278 kg/yr, 

0.7%

Groundwater 
Intrusion (I&I): 
1,277 kg/yr, 

<0.1%

Commercial/ 
Industrial 

Process Water: 
815,674 kg/yr, 

38.4%

Dentifrices: 
17,494 kg/yr, 

0.8%

Human Waste 
Products: 

741,615 kg/yr, 
34.9%

Raw/Finished 
Water Supply: 
55,788 kg/yr, 

2.6%

(Based on data from NPDES/SDS Permit Discharge 
Monitoring Reports, 2001 through mid-2003.)
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Figure 3-14

Nonpoint Source: 
4,648,570 kg/yr, 

70%

Point Source: 
1,975,757 kg/yr, 

30%

Estimated Bioavailable P Contributions to Minnesota Surface Waters 
Statewide

Wet, High Flow Water Year

• Atmospheric Deposition
• Cropland and Pasture Runoff
• Feedlots
• Individual Sewage Treatment
  Systems (ISTS)/Unsewered 
  Communities
• Non-Agriculture Rural Runoff
• Roadway and Sidewalk
  Deicing Chemicals
• Stream Bank Erosion
• Urban Runoff

• Commercial Automatic 
  Dishwasher Detergent
• Commercial/Industrial Process
   Water
• Dentifrices
• Food Soils/Garbage Disposal
   Waste
• Groundwater Intrusion (I&I)
• Residential Automatic 
  Dishwasher Detergent
• Human Waste Products
• Noncontact Cooling Water
• Raw/Finished Water Supply

Expected Load Reduction (496,793 kg P/yr) 
Associated with a 1 mg P/L Effluent Discharge 

Limit at the MCES Metro WWTF
 (Effective 12/31/05)

Nonpoint Source 
Bioavailable P Contributions 

Stream Bank 
Erosion: 

1,586,596 kg/yr, 
34.1%

Individual 
Sewage 

Treatment 
Systems (ISTS) 

/ Unsewered 
Communities: 
243,712 kg/yr, 

5.2%
Cropland and 

Pasture Runoff: 
1,599,954 kg/yr, 

34.4%

Agricultural Tile 
Drainage 

(subsurface 
flows and 

surface tile 
inlets): 108,154 

kg/yr, 2.3%

Feedlots: 
87,843 kg/yr, 

1.9%

Roadway and 
Sidewalk 
Deicing 

Chemicals: 
94,729 kg/yr, 

2.0%

Non-Agricultural 
Rural Runoff: 
323,092 kg/yr, 

7.0%

Urban Runoff: 
210,535 kg/yr, 

4.5%

Atmospheric 
Deposition: 

393,954 kg/yr, 
8.5%

Point Source 
Bioavailable P Contributions

Raw/Finished 
Water Supply: 
52,999 kg/yr, 

2.7%

Human Waste 
Products: 

697,118 kg/yr, 
35.3%

Dentifrices: 875 
kg/yr, <0.1%

Commercial/ 
Industrial 

Process Water: 
791,203 kg/yr, 

40.0%

Groundwater 
Intrusion (I&I): 

830 kg/yr, 
<0.1%

Noncontact 
Cooling Water: 
12,564 kg/yr, 

0.6%

Food Soils/ 
Garbage 
Disposal 

Waste: 230,547 
kg/yr, 11.7%

Residential 
Automatic 

Dishwashing 
Detergent: 

129,287 kg/yr, 
6.5%

Commercial 
Automatic 

Dishwasher 
Detergent: 

60,335 kg/yr, 
3.1%

(Based on data from NPDES/SDS Permit Discharge 
Monitoring Reports, 2001 through mid-2003.)
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3.4.2 St. Croix River Basin 

3.4.2.1 Dry Conditions (Low Flow) 

3.4.2.1.1 Total Phosphorus 

Figure 3-15 shows that, under low flow conditions, the total point source phosphorus contribution 

represents 16 percent, while nonpoint sources of phosphorus represent 84 percent of the loadings to 

surface waters in the St. Croix River basin.  Figure 3-15 also shows that human waste products, 

commercial/industrial process water, and food soils represent 50, 17 and 17 percent, respectively, of 

the point source total phosphorus contributions.  The remaining point source categories contribute 

less than 8 percent of the point source loadings.  The combination of residential and commercial 

automatic dishwasher detergent represents approximately 11 percent of the point source total 

phosphorus contributions.  As shown in Figure 3-15, cropland and pasture runoff, atmospheric 

deposition, and ISTS/unsewered communities represent 28, 30, and 20 percent, respectively, of the 

nonpoint source total phosphorus loadings, with the remaining nonpoint source contributions below 

13 percent.   

3.4.2.1.2 Bioavailable Phosphorus 

Figure 3-16 shows that, under low flow conditions, the bioavailable point source phosphorus 

contribution represents 22 percent of the loadings to surface waters in the St. Croix River basin.  

Figure 3-16 also shows that human waste products, commercial/industrial process water, and food 

soils represent 51, 18 and 15 percent, respectively, of the point source bioavailable phosphorus 

contributions.  The remaining point source categories contribute less than 9 percent of the point 

source loadings to the St. Croix River basin.  The combination of residential and commercial 

automatic dishwasher detergent represents approximately 12 percent of the point source bioavailable 

phosphorus contributions.  As shown in Figure 3-16, cropland and pasture runoff, atmospheric 

deposition and ISTS/unsewered communities represent approximately 26, 21 and 30 percent, 

respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint 

source contributions below 13 percent.   



Figure 3-15

Point Source: 
22,096 kg/yr, 

16% Nonpoint Source: 
113,393 kg/yr, 

84%

Estimated Total Phosphorus Contributions to Minnesota Surface Waters
 St. Croix River Basin 

Dry, Low Flow Water Year

• Atmospheric Deposition
• Cropland and Pasture Runoff
• Feedlots
• Individual Sewage Treatment
  Systems (ISTS)/Unsewered 
  Communities
• Non-Agriculture Rural Runoff
• Roadway and Sidewalk
  Deicing Chemicals
• Stream Bank Erosion
• Urban Runoff

• Commercial Automatic 
  Dishwasher Detergent
• Commercial/Industrial Process
   Water
• Dentifrices
• Food Soils/Garbage Disposal
   Waste
• Groundwater Intrusion (I&I)
• Residential Automatic 
  Dishwasher Detergent
• Human Waste Products
• Noncontact Cooling Water
• Raw/Finished Water Supply

Nonpoint Source 
Total Phosphorus Contributions 

Atmospheric 
Deposition: 

33,518 kg/yr, 
29.6%

Urban Runoff: 
8,316 kg/yr, 

7.3%

Non-Agricultural 
Rural Runoff: 
14,599 kg/yr, 

12.9%

Roadway and 
Sidewalk 
Deicing 

Chemicals: 
2,063 kg/yr, 

1.8%

Feedlots: 1,490 
kg/yr, 1.3%

Cropland and 
Pasture Runoff: 

31,254 kg/yr, 
27.6%

Individual 
Sewage 

Treatment 
Systems (ISTS) 

/ Unsewered 
Communities: 
22,132 kg/yr, 

19.5%

Stream Bank 
Erosion: 

20kg/yr, <0.1%

Point Source 
Total Phosphorus Contributions

Commercial 
Automatic 

Dishwasher 
Detergent: 740 

kg/yr, 3.4%

Dentifrices: 223 
kg/yr, 1.0%

Food Soils/ 
Garbage 
Disposal 

Waste: 3,678 
kg/yr, 16.6%

Residential 
Automatic 

Dishwashing 
Detergent: 

1,650 kg/yr, 
7.5%

Groundwater 
Intrusion (I&I): 

18 kg/yr, <0.1%

Commercial/ 
Industrial 

Process Water: 
3,813 kg/yr, 

17.3%

Human Waste 
Products: 

10,986 kg/yr, 
49.7%

Raw/Finished 
Water Supply: 

988 kg/yr, 4.5%

(Based on data from NPDES/SDS Permit Discharge 
Monitoring Reports, 2001 through mid-2003.)

P:\23\62\853\SAS Spreadsheets\OverallTPBudgetsRevised-colon.xls
2/19/2004
10:44 AM
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3.4.2.2 Average Condition 

3.4.2.2.1 Total Phosphorus 

Under average flow conditions, Figure 3-17 shows that the total point source phosphorus contribution 

drops to 11 percent, compared to 16 percent for the loadings to surface waters in the St. Croix River 

basin under low flow conditions.  As presented in Figure 3-17, cropland and pasture runoff, 

atmospheric deposition, non-agricultural rural runoff and ISTS/unsewered communities represent 36, 

22, 12, and 12 percent, respectively, of the nonpoint source total phosphorus loadings, with the 

remaining nonpoint source contributions below 9 percent.  Compared to low flow conditions 

(Figure 3-15), Figure 3-17 shows that the relative nonpoint source contributions of total phosphorus 

increased significantly for streambank erosion, as well as cropland and pasture runoff, decreased 

slightly for urban runoff, and decreased significantly for atmospheric deposition and ISTS/unsewered 

communities. 

3.2.2.2.2 Bioavailable Phosphorus 

Under average flow conditions, Figure 3-18 shows that the bioavailable point source phosphorus 

contribution drops to 16 percent, compared to 22 percent for the loadings to surface waters in the St. 

Croix River basin under low flow conditions.  As presented in Figure 3-18, cropland and pasture 

runoff, atmospheric deposition, non-agricultural rural runoff and ISTS/unsewered communities 

represent 36, 17, 12, and 19 percent, respectively, of the nonpoint source bioavailable phosphorus 

loadings, with the remaining nonpoint source contributions below 7 percent.  Compared to low flow 

conditions (Figure 3-16), Figure 3-18 shows that the relative nonpoint source contributions of 

bioavailable phosphorus increased significantly for streambank erosion, as well as cropland and 

pasture runoff, decreased slightly for urban runoff, and decreased significantly for atmospheric 

deposition and ISTS/unsewered communities. 

3.4.2.3 Wet Condition (High Flow) 

3.4.2.3.1 Total Phosphorus 

Under high flow conditions, Figure 3-19 shows that the total point source phosphorus contribution 

drops to 6 percent, compared to 11 and 16 percent for the loadings to surface waters in the St. Croix 

River basin under average and low flow conditions, respectively.  As presented in Figure 3-19, 

streambank erosion, cropland and pasture runoff, and atmospheric deposition represent 29, 36 and 

14 percent, respectively, of the nonpoint source total phosphorus loadings, with the remaining 

nonpoint source contributions below 10 percent.  Compared to average flow conditions (Figure 3-17), 

Figure 3-19 shows that the relative statewide nonpoint source contributions of total phosphorus 

increased significantly for streambank erosion, decreased slightly for cropland and pasture and non-

agricultural rural runoff, decreased somewhat for urban runoff, and decreased significantly for 

atmospheric deposition and ISTS/unsewered communities. 
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3.4.2.3.2 Bioavailable Phosphorus 

Under high flow conditions, Figure 3-20 shows that the bioavailable point source phosphorus 

contribution drops to 10 percent, compared to 16 and 22 percent for the loadings to surface waters in 

the St. Croix River basin under average and low flow conditions, respectively.  As presented in 

Figure 3-20, cropland and pasture runoff, streambank erosion, atmospheric deposition, non-

agricultural rural runoff and ISTS/unsewered communities represent 38, 23, 12, 10, and 11 percent, 

respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint 

source contributions at or below 4 percent.  Compared to average flow conditions (Figure 3-18), 

Figure 3-20 shows that the relative nonpoint source contributions of bioavailable phosphorus 

increased significantly for streambank erosion, increased slightly for cropland and pasture, decreased 

slightly for non-agricultural rural runoff, decreased somewhat for urban runoff, and decreased 

significantly for atmospheric deposition and ISTS/unsewered communities. 

3.4.3 Upper Mississippi River Basin 

3.4.3.1 Dry Conditions (Low Flow) 

3.4.3.1.1 Total Phosphorus 

Figure 3-21 shows that, under low flow conditions, the total point source phosphorus contribution 

represents 60 percent, while nonpoint sources of phosphorus represent 40 percent of the loadings to 

surface waters in the Upper Mississippi River basin.  The expected load reduction of approximately 

581,000 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTF would shift the 

point source contribution to approximately 43 percent of the total load.  Figure 3-21 shows that 

commercial/industrial process water and human waste products represent 29 and 39 percent, 

respectively, of the point source total phosphorus contributions.  The remaining point source 

categories contribute less than 17 percent of the point source loadings in the Upper Mississippi River 

basin.  The combination of residential and commercial automatic dishwasher detergent represents 

approximately 11 percent of the point source total phosphorus contributions.  As shown in 

Figure 3-21, cropland and pasture runoff, atmospheric deposition, urban runoff and ISTS/unsewered 

communities represent 28, 30, 18 and 14 percent, respectively, of the nonpoint source total 

phosphorus loadings, with the remaining nonpoint source contributions below 8 percent.   

3.4.3.1.2 Bioavailable Phosphorus 

Figure 3-22 shows that, under low flow conditions, the bioavailable point source phosphorus 

contribution represents 70 percent of the loadings to surface waters in the Upper Mississippi River 

basin.  The expected load reduction of approximately 496,800 kg/yr associated with a 1 mg/L permit  



 

P:\23\62\853\Report\Final\Final Report.doc  142

Reserved for 

Figure 3-20 Estimated Bioavailable P Contributions to Minnesota Surface Waters—St. Croix 
River Basin:  Wet, High Flow Water Year 
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Figure 3-21 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Upper Mississippi River Basin:  Dry, Low Flow Water Year 
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Figure 3-22 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Upper 
Mississippi River Basin:  Dry, Low Flow Water Year 
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limit at the MCES Metro WWTF would shift the point source contribution to approximately 56 

percent of the total bioavailable phosphorus load.  Figure 3-22 shows that commercial/industrial 

process water and human waste products represent 31 and 40 percent, respectively, of the point 

source bioavailable phosphorus contributions.  The remaining point source categories contribute less 

than 15 percent of the point source loadings.  The combination of residential and commercial 

automatic dishwasher detergent represents approximately 12 percent of the point source bioavailable 

phosphorus contributions.  As shown in Figure 3-22, cropland and pasture runoff, atmospheric 

deposition, urban runoff and ISTS/unsewered communities represent approximately 28, 18, 18 and 

23 percent, respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining 

nonpoint source contributions below 8 percent.   

3.4.3.2 Average Condition 

3.4.3.2.1 Total Phosphorus 

Under average flow conditions, Figure 3-23 shows that the total point source phosphorus contribution 

drops to 51 percent, compared to 60 percent for the loadings to surface waters in the Upper 

Mississippi River basin under low flow conditions.  The expected load reduction of approximately 

581,000 kg/yr associated with a 1 mg/L permit limit at the MCES Metro WWTF would shift the 

point source contribution to approximately 34 percent of the total load.  As presented in Figure 3-23, 

cropland and pasture runoff, atmospheric deposition, and urban runoff represent 34, 23 and 14 

percent, respectively, of the nonpoint source total phosphorus loadings, with the remaining nonpoint 

source contributions below 10 percent.  Compared to low flow conditions (Figure 3-21), Figure 3-23 

shows that the relative nonpoint source contributions of total phosphorus increased significantly for 

streambank erosion, increased slightly for cropland and pasture runoff, decreased somewhat for 

urban runoff, and decreased significantly for atmospheric deposition and ISTS/unsewered 

communities. 

3.4.3.2.2 Bioavailable Phosphorus 

Under average flow conditions, Figure 3-24 shows that the bioavailable point source phosphorus 

contribution drops to 62 percent, compared to 70 percent for the loadings to surface waters in the 

Upper Mississippi River under low flow conditions.  The expected load reduction of approximately 

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

point source contribution to approximately 47 percent of the total bioavailable phosphorus load.  As 

presented in Figure 3-24, cropland and pasture runoff, atmospheric deposition, urban runoff, and 

ISTS/unsewered communities represent 35, 15, 15 and 16 percent, respectively, of the nonpoint 

source total phosphorus loadings, with the remaining nonpoint source contributions below 10 
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Figure 3-23 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Upper Mississippi River Basin:  Average Flow Water Year 

 

 



 

P:\23\62\853\Report\Final\Final Report.doc  147

Reserved for: 

Figure 3-24 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Upper 
Mississippi River Basin:  Average Flow Water Year 
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percent.  Compared to low flow conditions (Figure 3-22), Figure 3-24 shows that the relative 

nonpoint source contributions of total phosphorus increased significantly for streambank erosion, 

increased slightly for cropland and pasture runoff, decreased somewhat for urban runoff and 

atmospheric deposition, and decreased significantly for ISTS/unsewered communities. 

3.4.3.3 Wet Condition (High Flow) 

3.4.3.3.1 Total Phosphorus 

Under high flow conditions, Figure 3-25 shows that the total point source phosphorus contribution 

drops to 37 percent, compared to 51 and 60 percent for the loadings to surface waters in the Upper 

Mississippi River basin under average and low flow conditions, respectively.  The expected load 

reduction of approximately 581,000 kg/yr associated with a 1 mg/L permit limit at the MCES Metro 

WWTF would shift the point source contribution to approximately 23 percent of the total load.  As 

presented in Figure 3-25, streambank erosion, cropland and pasture runoff, and atmospheric 

deposition represent 24, 36 and 15 percent, respectively, of the nonpoint source total phosphorus 

loadings, with the remaining nonpoint source contributions below 10 percent.  Compared to average 

flow conditions (Figure 3-23), Figure 3-25 shows that the relative statewide nonpoint source 

contributions of total phosphorus increased significantly for streambank erosion, increased slightly 

for cropland and pasture, decreased slightly for non-agricultural rural runoff, and decreased 

significantly for urban runoff, atmospheric deposition and ISTS/unsewered communities. 

3.4.3.3.2 Bioavailable Phosphorus 

Under high flow conditions, Figure 3-26 shows that the bioavailable point source phosphorus 

contribution drops to 50 percent, compared to 62 and 70 percent for the loadings to surface waters in 

the Upper Mississippi River basin under average and low flow conditions, respectively.  The 

expected load reduction of approximately 496,800 kg/yr associated with a 1 mg/L permit limit at the 

MCES Metro WWTF would shift the point source contribution to approximately 35 percent of the 

total load.  As presented in Figure 3-26, streambank erosion and cropland and pasture runoff 

represent 19 and 38 percent, respectively, of the nonpoint source bioavailable phosphorus loadings, 

with the remaining nonpoint source contributions at or below 11 percent.  Compared to average flow 

conditions (Figure 3-24), Figure 3-26 shows that the relative statewide nonpoint source contributions 

of total phosphorus increased significantly for streambank erosion, increased slightly for cropland 

and pasture, decreased slightly for non-agricultural rural runoff, and decreased significantly for urban 

runoff, atmospheric deposition and ISTS/unsewered communities. 
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Figure 3-25 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Upper Mississippi River Basin:  Wet, High Flow Water Year 

 

 



 

P:\23\62\853\Report\Final\Final Report.doc  150

Reserved for 

Figure 3-26 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Upper 
Mississippi River Basin:  Wet, High Flow Water Year 
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3.4.4 Lower Mississippi River Basin 

3.4.4.1 Dry Conditions (Low Flow) 

3.4.4.1.1 Total Phosphorus 

Figure 3-27 shows that, under low flow conditions, the total point source phosphorus contribution 

represents 50 percent, while nonpoint sources of phosphorus represent 50 percent of the loadings to 

surface waters in the Lower Mississippi River basin.  Figure 3-27 also shows that human waste 

products, commercial/industrial process water, and food soils represent 32, 47 and 11 percent, 

respectively, of the point source total phosphorus contributions.  The remaining point source 

categories contribute less than 5 percent of the point source loadings.  The combination of residential 

and commercial automatic dishwasher detergent represents approximately 7 percent of the point 

source total phosphorus contributions.  As shown in Figure 3-27, cropland and pasture runoff, 

streambank erosion, urban runoff, and ISTS/unsewered communities represent 45, 17, 10 and 10 

percent, respectively, of the nonpoint source total phosphorus loadings, with the remaining nonpoint 

source contributions below 5 percent.   

3.4.4.1.2 Bioavailable Phosphorus 

Figure 3-28 shows that, under low flow conditions, the bioavailable point source phosphorus 

contribution represents 61 percent of the loadings to surface waters.  Figure 3-28 also shows that 

human waste products, commercial/industrial process water, and food soils represent 33, 48 and 9 

percent, respectively, of the point source bioavailable phosphorus contributions.  The remaining point 

source categories contribute less than 6 percent of the point source loadings.  The combination of 

residential and commercial automatic dishwasher detergent represents approximately 8 percent of the 

point source bioavailable phosphorus contributions.  As shown in Figure 3-28, cropland and pasture 

runoff, streambank erosion, urban runoff and ISTS/unsewered communities represent approximately 

44, 12, 10 and 16 percent, respectively, of the nonpoint source bioavailable phosphorus loadings, 

with the remaining nonpoint source contributions below 7 percent.   

3.4.4.2 Average Condition 

3.4.4.2.1 Total Phosphorus 

Under average flow conditions, Figure 3-29 shows that the total point source phosphorus contribution 

drops to 28 percent, compared to 50 percent for the loadings to surface waters under low flow 

conditions.  As presented in Figure 3-29, cropland and pasture runoff and streambank erosion 

represent 36 and 47 percent, respectively, of the nonpoint source total phosphorus loadings, with the 

remaining nonpoint source contributions below 5 percent.  Compared to low flow conditions 

(Figure 3-22), Figure 3-29 shows that the relative nonpoint source contributions of total phosphorus  
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Figure 3-27 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Lower Mississippi River Basin:  Dry, Low Flow Water Year 
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Figure 3-28 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lower 
Mississippi River Basin:  Dry, Low Flow Water Year 
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Figure 3-29 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Lower Mississippi River Basin:  Average Flow Water Year 
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increased significantly for streambank erosion, decreased slightly for cropland and pasture runoff, 

and decreased significantly for all of the remaining source categories. 

3.4.4.2.2 Bioavailable Phosphorus 

Under average flow conditions, Figure 3-30 shows that the bioavailable point source phosphorus 

contribution drops to 41 percent, compared to 61 percent for the loadings to surface waters under low 

flow conditions.  As presented in Figure 3-30, cropland and pasture runoff and streambank erosion 

represent 39 and 39 percent, respectively, of the nonpoint source bioavailable phosphorus loadings, 

with the remaining nonpoint source contributions below 8 percent.  Compared to low flow conditions 

(Figure 3-28), Figure 3-30 shows that the relative nonpoint source contributions of bioavailable 

phosphorus increased significantly for streambank erosion, decreased slightly for cropland and 

pasture runoff, and decreased significantly for all of the remaining source categories. 

3.4.4.3 Wet Condition (High Flow) 

3.4.4.3.1 Total Phosphorus 

Under high flow conditions, Figure 3-31 shows that the total point source phosphorus contribution 

drops to 13 percent, compared to 28 and 50 percent for the loadings to surface waters under average 

and low flow conditions, respectively.  As presented in Figure 3-31, streambank erosion and cropland 

and pasture runoff represent 75 and 17 percent, respectively, of the nonpoint source total phosphorus 

loadings, with the remaining nonpoint source contributions below 2 percent.  Compared to average 

flow conditions (Figure 3-29), Figure 3-31 shows that the relative statewide nonpoint source 

contributions of total phosphorus increased significantly for streambank erosion and decreased 

significantly for all of the remaining source categories. 

3.4.4.3.2 Bioavailable Phosphorus 

Under high flow conditions, Figure 3-32 shows that the bioavailable point source phosphorus 

contribution drops to 23 percent, compared to 41 and 61 percent for the loadings to surface waters 

under average and low flow conditions, respectively.  As presented in Figure 3-32, cropland and 

pasture runoff and streambank erosion represent 21 and 68 percent, respectively, of the nonpoint 

source bioavailable phosphorus loadings, with the remaining nonpoint source contributions at or 

below 4 percent.  Compared to average flow conditions (Figure 3-30), Figure 3-32 shows that the 

relative nonpoint source contributions of bioavailable phosphorus increased significantly for 

streambank erosion and decreased significantly for all of the remaining source categories.
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Figure 3-30 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lower 
Mississippi River Basin:  Average Flow Water Year 
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Figure 3-31 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Lower Mississippi River Basin:  Wet, High Flow Water Year 
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Figure 3-32 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lower 
Mississippi River Basin:  Wet, High Flow Water Year 
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3.4.5 Red River Basin 

3.4.5.1 Dry Conditions (Low Flow) 

3.4.5.1.1 Total Phosphorus 

Figure 3-33 shows that, under low flow conditions, the total point source phosphorus contribution 

represents 16 percent, while nonpoint sources of phosphorus represent 84 percent of the loadings to 

surface waters in the Red River basin.  Figure 3-33 also shows that human waste products, 

commercial/industrial process water, and food soils represent 37, 31 and 14 percent, respectively, of 

the point source total phosphorus contributions.  The remaining point source categories contribute 

less than 7 percent of the point source loadings.  The combination of residential and commercial 

automatic dishwasher detergent represents approximately 9 percent of the point source total 

phosphorus contributions.  As shown in Figure 3-33, cropland and pasture runoff and atmospheric 

deposition represent 33 and 52 percent, respectively, of the nonpoint source total phosphorus 

loadings, with the remaining nonpoint source contributions below 6 percent.   

3.4.5.1.2 Bioavailable Phosphorus 

Figure 3-34 shows that, under low flow conditions, the bioavailable point source phosphorus 

contribution represents 28 percent of the loadings to surface waters.  Figure 3-34 also shows that 

human waste products, commercial/industrial process water, and food soils represent 37, 32 and 12 

percent, respectively, of the point source bioavailable phosphorus contributions.  The remaining point 

source categories contribute less than 7 percent of the point source loadings.  The combination of 

residential and commercial automatic dishwasher detergent represents approximately 10 percent of 

the point source bioavailable phosphorus contributions.  As shown in Figure 3-34, cropland and 

pasture runoff and atmospheric deposition represent approximately 41 and 35 percent, respectively, 

of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint source 

contributions below 12 percent.   

3.4.5.2 Average Condition 

3.4.5.2.1 Total Phosphorus 

Under average flow conditions, the total point source phosphorus contribution drops to 10 percent, 

compared to 16 percent for the loadings to surface waters under low flow conditions (Figure 3-35).  

Cropland and pasture runoff and atmospheric deposition represent 54 and 32 percent, respectively, of 

the nonpoint source total phosphorus loadings, with the remaining nonpoint source contributions 

below 6 percent.  Compared to low flow conditions (Figure 3-33), Figure 3-35 shows that the relative 

nonpoint source contributions of total phosphorus increased significantly for cropland and pasture 

runoff and decreased significantly for several of the remaining source categories.
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Figure 3-33 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Red 
River Basin:  Dry, Low Flow Water Year 

 



 

P:\23\62\853\Report\Final\Final Report.doc  161

Reserved for: 

Figure 3-34 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Red 
River Basin:  Dry, Low Flow Water Year 
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Figure 3-35 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Red 
River Basin:  Average Flow Water Year 
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3.4.5.2.2 Bioavailable Phosphorus 

Under average flow conditions, Figure 3-36 shows that the bioavailable point source phosphorus 

contribution drops to 16 percent, compared to 28 percent for the loadings to surface waters under low 

flow conditions.  As presented in Figure 3-36, cropland and pasture runoff and atmospheric 

deposition represent 60 and 21 percent, respectively, of the nonpoint source bioavailable phosphorus 

loadings, with the remaining nonpoint source contributions below 6 percent.  Compared to low flow 

conditions (Figure 3-34), Figure 3-36 shows that the relative nonpoint source contributions of 

bioavailable phosphorus increased significantly for cropland and pasture runoff and decreased 

significantly for several of the remaining source categories. 

3.4.5.3 Wet Condition (High Flow) 

3.4.5.3.1 Total Phosphorus 

Under high flow conditions, Figure 3-37 shows that the total point source phosphorus contribution 

drops to 7 percent, compared to 10 and 16 percent for the loadings to surface waters under average 

and low flow conditions, respectively.  As presented in Figure 3-37, streambank erosion, atmospheric 

deposition and cropland and pasture runoff represent 14, 24 and 51 percent, respectively, of the 

nonpoint source total phosphorus loadings, with the remaining nonpoint source contributions below 6 

percent.  Compared to average flow conditions (Figure 3-35), Figure 3-37 shows that the relative 

statewide nonpoint source contributions of total phosphorus increased significantly for streambank 

erosion and decreased significantly for all of the remaining source categories, except cropland and 

pasture runoff. 

3.4.5.3.2 Bioavailable Phosphorus 

Under high flow conditions, Figure 3-38 shows that the bioavailable point source phosphorus 

contribution drops to 11 percent, compared to 16 and 28 percent for the loadings to surface waters 

under average and low flow conditions, respectively.  As presented in Figure 3-38, cropland and 

pasture runoff, atmospheric deposition and streambank erosion represent 57, 16 and 11 percent, 

respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint 

source contributions below 7 percent.  Compared to average flow conditions (Figure 3-36), 

Figure 3-38 shows that the relative nonpoint source contributions of bioavailable phosphorus 

increased significantly for streambank erosion and decreased significantly for all of the remaining 

source categories, except cropland and pasture runoff.
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Figure 3-36 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Red 
River Basin:  Average Flow Water Year 
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Figure 3-37 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Red 
River Basin:  Wet, High Flow Water Year 
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Figure 3-38 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Red 
River Basin:  Wet, High Flow Water Year 
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3.4.6 Rainy River Basin 

3.4.6.1 Dry Conditions (Low Flow) 

3.4.6.1.1 Total Phosphorus 

Figure 3-39 shows that, under low flow conditions, the total point source phosphorus contribution 

represents 15 percent, while nonpoint sources of phosphorus represent 85 percent of the loadings to 

surface waters in the Rainy River basin.  Figure 3-39 also shows that commercial/industrial process 

water represents 91 percent of the point source total phosphorus contributions.  The remaining point 

source categories contribute less than 7 percent of the point source loadings.  The combination of 

residential and commercial automatic dishwasher detergent represents approximately 1 percent of the 

point source total phosphorus contributions.  As shown in Figure 3-39, non-agricultural rural runoff 

and atmospheric deposition represent 28 and 62 percent, respectively, of the nonpoint source total 

phosphorus loadings, with the remaining nonpoint source contributions below 4 percent.   

3.4.6.1.2 Bioavailable Phosphorus 

Figure 3-40 shows that, under low flow conditions, the bioavailable point source phosphorus 

contribution represents 27 percent of the loadings to surface waters.  Figure 3-40 also shows that 

commercial/industrial process water represents 92 percent of the point source bioavailable 

phosphorus contributions.  The remaining point source categories contribute less than 7 percent of 

the point source loadings.  The combination of residential and commercial automatic dishwasher 

detergent represents approximately 1 percent of the point source bioavailable phosphorus 

contributions.  As shown in Figure 3-40, non-agricultural rural runoff and atmospheric deposition 

represent approximately 35 and 49 percent, respectively, of the nonpoint source bioavailable 

phosphorus loadings, with the remaining nonpoint source contributions below 8 percent.   

3.4.6.2 Average Condition 

3.4.6.2.1 Total Phosphorus 

Under average flow conditions, Figure 3-41 shows that the total point source phosphorus contribution 

drops to 10 percent, compared to 15 percent for the loadings to surface waters under low flow 

conditions.  As presented in Figure 3-41, non-agricultural rural runoff and atmospheric deposition 

represent 30 and 45 percent, respectively, of the nonpoint source total phosphorus loadings, with the 

remaining nonpoint source contributions below 15 percent.  Compared to low flow conditions 

(Figure 3-39), Figure 3-41 shows that the relative nonpoint source contributions of total phosphorus 

increased significantly for streambank erosion and decreased significantly for atmospheric 

deposition.
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Figure 3-39 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Rainy 
River Basin:  Dry, Low Flow Water Year 
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Figure 3-40 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Rainy 
River Basin:  Dry, Low Flow Water Year 
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Figure 3-41 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Rainy 
River Basin:  Average Flow Water Year 
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3.4.6.2.2 Bioavailable Phosphorus 

Under average flow conditions, Figure 3-42 shows that the bioavailable point source phosphorus 

contribution drops to 19 percent, compared to 27 percent for the loadings to surface waters under low 

flow conditions.  As presented in Figure 3-42, non-agricultural rural runoff and atmospheric 

deposition represent 37 and 36 percent, respectively, of the nonpoint source bioavailable phosphorus 

loadings, with the remaining nonpoint source contributions below 13 percent.  Compared to low flow 

conditions (Figure 3-40), Figure 3-42 shows that the relative nonpoint source contributions of 

bioavailable phosphorus increased significantly for streambank erosion and decreased significantly 

for atmospheric deposition. 

3.4.6.3 Wet Condition (High Flow) 

3.4.6.3.1 Total Phosphorus 

Under high flow conditions, Figure 3-43 shows that the total point source phosphorus contribution 

drops to 6 percent, compared to 10 and 15 percent for the loadings to surface waters under average 

and low flow conditions, respectively.  As presented in Figure 3-43, streambank erosion, atmospheric 

deposition and non-agricultural runoff represent 44, 27 and 22 percent, respectively, of the nonpoint 

source total phosphorus loadings, with the remaining nonpoint source contributions below 6 percent.  

Compared to average flow conditions (Figure 3-41), Figure 3-43 shows that the relative statewide 

nonpoint source contributions of total phosphorus increased significantly for streambank erosion and 

decreased significantly for all of the remaining source categories, except cropland and pasture runoff. 

3.4.6.3.2 Bioavailable Phosphorus 

Under high flow conditions, Figure 3-44 shows that the bioavailable point source phosphorus 

contribution drops to 11 percent, compared to 19 and 27 percent for the loadings to surface waters 

under average and low flow conditions, respectively.  As presented in Figure 3-44, non-agricultural 

rural runoff, atmospheric deposition and streambank erosion represent 27, 22 and 40 percent, 

respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint 

source contributions below 7 percent.  Compared to average flow conditions (Figure 3-42), 

Figure 3-44 shows that the relative nonpoint source contributions of bioavailable phosphorus 

increased significantly for streambank erosion and decreased significantly for all of the remaining 

source categories, except cropland and pasture runoff.
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Figure 3-42 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Rainy 
River Basin:  Average Flow Water Year 
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Reserved for: 

Figure 3-43 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Rainy 
River Basin:  Wet, High Flow Water Year 
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Reserved for: 

Figure 3-44 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Rainy 
River Basin:  Wet, High Flow Water Year 
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3.4.7 Lake Superior Basin 

3.4.7.1 Dry Conditions (Low Flow) 

3.4.7.1.1 Total Phosphorus 

Figure 3-45 shows that, under low flow conditions, the total point source phosphorus contribution 

represents 18 percent, while nonpoint sources of phosphorus represent 82 percent of the loadings to 

surface waters in the Lake Superior basin.  Figure 3-45 also shows that human waste products, 

commercial/industrial process water, and food soils represent 51, 22, and 15 percent, respectively, of 

the point source total phosphorus contributions.  The remaining point source categories contribute 

less than 7 percent of the point source loadings.  The combination of residential and commercial 

automatic dishwasher detergent represents approximately 10 percent of the point source total 

phosphorus contributions.  As shown in Figure 3-45, urban runoff, non-agricultural rural runoff and 

atmospheric deposition represent 14, 30 and 41 percent, respectively, of the nonpoint source total 

phosphorus loadings, with the remaining nonpoint source contributions below 6 percent.   

3.4.7.1.2 Bioavailable Phosphorus 

Figure 3-46 shows that, under low flow conditions, the bioavailable point source phosphorus 

contribution represents 28 percent of the loadings to surface waters.  Figure 3-46 also shows that 

human waste products, commercial/industrial process water, and food soils represent 52, 23, and 13 

percent, respectively, of the point source bioavailable phosphorus contributions.  The remaining point 

source categories contribute less than 8 percent of the point source loadings.  The combination of 

residential and commercial automatic dishwasher detergent represents approximately 10 percent of 

the point source bioavailable phosphorus contributions.  As shown in Figure 3-46, urban runoff, non-

agricultural rural runoff, and atmospheric deposition represent approximately 16, 34, and 30 percent, 

respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint 

source contributions below 10 percent.   

3.4.7.2 Average Condition 

3.4.7.2.1 Total Phosphorus 

Under average flow conditions, Figure 3-47 shows that the total point source phosphorus contribution 

drops to 13 percent, compared to 18 percent for the loadings to surface waters under low flow 

conditions.  As presented in Figure 3-47, non-agricultural rural runoff and atmospheric deposition 

represent 32 and 31 percent, respectively, of the nonpoint source total phosphorus loadings, with the 

remaining nonpoint source contributions below 16 percent.  Compared to low flow conditions 

(Figure 3-45), Figure 3-47 shows that the relative nonpoint source contributions of total phosphorus 

increased significantly for streambank erosion and decreased significantly for atmospheric 

deposition.
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Figure 3-45 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Lake 
Superior Basin:  Dry, Low Flow Water Year 
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Reserved for: 

Figure 3-46 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lake 
Superior Basin:  Dry, Low Flow Water Year 
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Reserved for 

Figure 3-47 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Lake 
Superior Basin:  Average Flow Water Year 
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3.4.7.2.2 Bioavailable Phosphorus 

Under average flow conditions, Figure 3-48 shows that the bioavailable point source phosphorus 

contribution drops to 21 percent, compared to 28 percent for the loadings to surface waters under low 

flow conditions.  As presented in Figure 3-48, non-agricultural rural runoff and atmospheric 

deposition represent 36 and 23 percent, respectively, of the nonpoint source bioavailable phosphorus 

loadings, with the remaining nonpoint source contributions below 13 percent.  Compared to low flow 

conditions (Figure 3-46), Figure 3-48 shows that the relative nonpoint source contributions of 

bioavailable phosphorus increased significantly for streambank erosion and decreased significantly 

for atmospheric deposition and ISTS/unsewered communities. 

3.4.7.3 Wet Condition (High Flow) 

3.4.7.3.1 Total Phosphorus 

Under high flow conditions, Figure 3-49 shows that the total point source phosphorus contribution 

drops to 7 percent, compared to 13 and 18 percent for the loadings to surface waters under average 

and low flow conditions, respectively.  As presented in Figure 3-49, streambank erosion, atmospheric 

deposition and non-agricultural runoff represent 46, 18 and 22 percent, respectively, of the nonpoint 

source total phosphorus loadings, with the remaining nonpoint source contributions at or below 6 

percent.  Compared to average flow conditions (Figure 3-47), Figure 3-49 shows that the relative 

statewide nonpoint source contributions of total phosphorus increased significantly for streambank 

erosion and decreased significantly for all of the remaining source categories, except cropland and 

pasture runoff. 

3.4.7.3.2 Bioavailable Phosphorus 

Under high flow conditions, Figure 3-50 shows that the bioavailable point source phosphorus 

contribution drops to 13 percent, compared to 21 and 28 percent for the loadings to surface waters 

under average and low flow conditions, respectively.  As presented in Figure 3-50, non-agricultural 

rural runoff, atmospheric deposition, and streambank erosion represent 25, 15, and 41 percent, 

respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint 

source contributions at or below 7 percent.  Compared to average flow conditions (Figure 3-48), 

Figure 3-50 shows that the relative nonpoint source contributions of bioavailable phosphorus 

increased significantly for streambank erosion and decreased significantly for all of the remaining 

source categories, except cropland and pasture runoff.
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Figure 3-48 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lake 
Superior Basin:  Average Flow Water Year 
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Reserved for: 

Figure 3-49 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Lake 
Superior Basin:  Wet, High Flow Water Year 
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Reserved for: 

Figure 3-50 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Lake 
Superior Basin:  Wet, High Flow Water Year 
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3.4.8 Missouri River Basin 

3.4.8.1 Dry Conditions (Low Flow) 

3.4.8.1.1 Total Phosphorus 

Figure 3-51 shows that, under low flow conditions, the total point source phosphorus contribution 

represents 21 percent, while nonpoint sources of phosphorus represent 79 percent of the loadings to 

surface waters in the Missouri River basin.  Figure 3-51 also shows that human waste products, 

commercial/industrial process water, and food soils represent 43, 31 and 13 percent, respectively, of 

the point source total phosphorus contributions.  The remaining point source categories contribute 

less than 6 percent of the point source loadings.  The combination of residential and commercial 

automatic dishwasher detergent represents approximately 9 percent of the point source total 

phosphorus contributions.  As shown in Figure 3-51, cropland and pasture runoff and 

ISTS/unsewered communities represent 73 and 8 percent, respectively, of the nonpoint source total 

phosphorus loadings, with the remaining nonpoint source contributions at or below 5 percent.   

3.4.8.1.2 Bioavailable Phosphorus 

Figure 3-52 shows that, under low flow conditions, the bioavailable point source phosphorus 

contribution represents 29 percent of the loadings to surface waters.  Figure 3-52 also shows that 

human waste products, commercial/industrial process water, and food soils represent 43, 32 and 11 

percent, respectively, of the point source bioavailable phosphorus contributions.  The remaining point 

source categories contribute less than 7 percent of the point source loadings.  The combination of 

residential and commercial automatic dishwasher detergent represents approximately 9 percent of the 

point source bioavailable phosphorus contributions.  As shown in Figure 3-52, cropland and pasture 

runoff and ISTS/unsewered communities represent approximately 70 and 12 percent, respectively, of 

the nonpoint source bioavailable phosphorus loadings, with the remaining nonpoint source 

contributions below 5 percent.   

3.4.8.2 Average Condition 

3.4.8.2.1 Total Phosphorus 

Under average flow conditions, Figure 3-53 shows that the total point source phosphorus contribution 

drops to 12 percent, compared to 21 percent for the loadings to surface waters under low flow 

conditions.  As presented in Figure 3-53, cropland and pasture runoff and streambank erosion 

represent 64 and 17 percent, respectively, of the nonpoint source total phosphorus loadings, with the 

remaining nonpoint source contributions below 5 percent.  Compared to low flow conditions 

(Figure 3-51), Figure 3-53 shows that the relative nonpoint source contributions of total phosphorus 

increased significantly for streambank erosion, decreased slightly for cropland and pasture runoff, 

urban runoff and non-agricultural runoff, and decreased significantly for atmospheric deposition.
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Figure 3-51 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Missouri River Basin:  Dry, Low Flow Water Year 
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Reserved for: 

Figure 3-52 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Missouri 
River Basin:  Dry, Low Flow Water Year 
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Reserved for: 

Figure 3-53 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Missouri River Basin:  Average Flow Water Year 
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3.4.8.2.2 Bioavailable Phosphorus 

Under average flow conditions, Figure 3-54 shows that the bioavailable point source phosphorus 

contribution drops to 18 percent, compared to 29 percent for the loadings to surface waters under low 

flow conditions.  As presented in Figure 3-54, cropland and pasture runoff and streambank erosion 

represent 64 and 13 percent, respectively, of the nonpoint source bioavailable phosphorus loadings, 

with the remaining nonpoint source contributions below 7 percent.  Compared to low flow conditions 

(Figure 3-52), Figure 3-54 shows that the relative nonpoint source contributions of bioavailable 

phosphorus increased significantly for streambank erosion, decreased slightly for cropland and 

pasture runoff, urban runoff, non-agricultural runoff and atmospheric deposition. 

3.4.8.3 Wet Condition (High Flow) 

3.4.8.3.1 Total Phosphorus 

Under high flow conditions, Figure 3-55 shows that the total point source phosphorus contribution 

drops to 6 percent, compared to 12 and 21 percent for the loadings to surface waters under average 

and low flow conditions, respectively.  As presented in Figure 3-55, streambank erosion and cropland 

and pasture runoff represent 34 and 53 percent, respectively, of the nonpoint source total phosphorus 

loadings, with the remaining nonpoint source contributions below 5 percent.  Compared to average 

flow conditions (Figure 3-53), Figure 3-55 shows that the relative statewide nonpoint source 

contributions of total phosphorus increased significantly for streambank erosion and decreased 

significantly for all of the remaining source categories, except feedlots and cropland and pasture 

runoff. 

3.4.8.3.2 Bioavailable Phosphorus 

Under high flow conditions, Figure 3-56 shows that the bioavailable point source phosphorus 

contribution drops to 10 percent, compared to 18 and 29 percent for the loadings to surface waters 

under average and low flow conditions, respectively.  As presented in Figure 3-56, cropland and 

pasture runoff and streambank erosion represent 56 and 28 percent, respectively, of the nonpoint 

source bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 7 

percent.  Compared to average flow conditions (Figure 3-54), Figure 3-56 shows that the relative 

nonpoint source contributions of bioavailable phosphorus increased significantly for streambank 

erosion and decreased significantly for all of the remaining source categories, except feedlots and 

cropland and pasture runoff.
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Figure 3-54 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Missouri 
River Basin:  Average Flow Water Year 
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Reserved for: 

Figure 3-55 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Missouri River Basin:  Wet, High Flow Water Year 
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Reserved for: 

Figure 3-56 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Missouri 
River Basin:  Wet, High Flow Water Year 
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3.4.9 Minnesota River Basin 

3.4.9.1 Dry Conditions (Low Flow) 

3.4.9.1.1 Total Phosphorus 

Figure 3-57 shows that, under low flow conditions, the total point source phosphorus contribution 

represents 41 percent, while nonpoint sources of phosphorus represent 59 percent of the loadings to 

surface waters in the Minnesota River basin.  Figure 3-57 also shows that human waste products, 

commercial/industrial process water, and food soils represent 23, 58 and 9 percent, respectively, of 

the point source total phosphorus contributions.  The remaining point source categories contribute 

less than 5 percent of the point source loadings.  The combination of residential and commercial 

automatic dishwasher detergent represents approximately 6 percent of the point source total 

phosphorus contributions.  As shown in Figure 3-57, cropland and pasture runoff, atmospheric 

deposition, and agricultural tile drainage represent 50, 12 and 12 percent, respectively, of the 

nonpoint source total phosphorus loadings, with the remaining nonpoint source contributions below 

11 percent.   

3.4.9.1.2 Bioavailable Phosphorus 

Figure 3-58 shows that, under low flow conditions, the bioavailable point source phosphorus 

contribution represents 52 percent of the loadings to surface waters.  Figure 3-58 also shows that 

human waste products, commercial/industrial process water, and food soils represent 23, 60 and 8 

percent, respectively, of the point source bioavailable phosphorus contributions.  The remaining point 

source categories contribute less than 5 percent of the point source loadings.  The combination of 

residential and commercial automatic dishwasher detergent represents approximately 6 percent of the 

point source bioavailable phosphorus contributions.  As shown in Figure 3-58, cropland and pasture 

runoff, agricultural tile drainage, and ISTS/unsewered communities represent approximately 49, 12, 

and 13 percent, respectively, of the nonpoint source bioavailable phosphorus loadings, with the 

remaining nonpoint source contributions below 11 percent.   

3.4.9.2 Average Condition 

3.4.9.2.1 Total Phosphorus 

Under average flow conditions, Figure 3-59 shows that the total point source phosphorus contribution 

drops to 25 percent, compared to 41 percent for the loadings to surface waters under low flow 

conditions.  As presented in Figure 3-59, cropland and pasture runoff and streambank erosion 

represent 48 and 18 percent, respectively, of the nonpoint source total phosphorus loadings, with the 

remaining nonpoint source contributions below 12 percent.  Compared to low flow conditions 

(Figure 3-57), Figure 3-59 shows that the relative nonpoint source contributions of total phosphorus 

increased significantly for streambank erosion, decreased slightly for cropland and pasture runoff, 

and decreased significantly for urban runoff and atmospheric deposition.
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Figure 3-57 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Minnesota River Basin:  Dry, Low Flow Water Year 
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Reserved for: 

Figure 3-58 Estimated Bioavailable P Contributions to Minnesota Surface Waters—
Minnesota River Basin:  Dry, Low Flow Water Year 
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Figure 3-59 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Minnesota River Basin:  Average Flow Water Year 
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3.4.9.2.2 Bioavailable Phosphorus 

Under average flow conditions, Figure 3-60 shows that the bioavailable point source phosphorus 

contribution drops to 36 percent, compared to 52 percent for the loadings to surface waters under low 

flow conditions.  As presented in Figure 3-60, cropland and pasture runoff, agricultural tile drainage, 

and streambank erosion represent 49, 12 and 14 percent, respectively, of the nonpoint source 

bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 7 percent.  

Compared to low flow conditions (Figure 3-58), Figure 3-60 shows that the relative nonpoint source 

contributions of bioavailable phosphorus increased significantly for streambank erosion and 

decreased significantly for urban runoff and atmospheric deposition. 

3.4.9.3 Wet Condition (High Flow) 

3.4.9.3.1 Total Phosphorus 

Under high flow conditions, Figure 3-61 shows that the total point source phosphorus contribution 

drops to 15 percent, compared to 25 and 41 percent for the loadings to surface waters under average 

and low flow conditions, respectively.  As presented in Figure 3-61, streambank erosion and cropland 

and pasture runoff represent 42 and 36 percent, respectively, of the nonpoint source total phosphorus 

loadings, with the remaining nonpoint source contributions below 9 percent.  Compared to average 

flow conditions (Figure 3-59), Figure 3-61 shows that the relative statewide nonpoint source 

contributions of total phosphorus increased significantly for streambank erosion and decreased 

significantly for all of the remaining source categories, except feedlots. 

3.4.9.3.2 Bioavailable Phosphorus 

Under high flow conditions, Figure 3-62 shows that the bioavailable point source phosphorus 

contribution drops to 23 percent, compared to 36 and 52 percent for the loadings to surface waters 

under average and low flow conditions, respectively.  As presented in Figure 3-62, cropland and 

pasture runoff and streambank erosion represent 39 and 35 percent, respectively, of the nonpoint 

source bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 10 

percent.  Compared to average flow conditions (Figure 3-60), Figure 3-62 shows that the relative 

nonpoint source contributions of bioavailable phosphorus increased significantly for streambank 

erosion and decreased significantly for all of the remaining source categories, except feedlots.
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Figure 3-60 Estimated Bioavailable P Contributions to Minnesota Surface Waters—
Minnesota River Basin:  Average Flow Water Year 
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Reserved for: 

Figure 3-61 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Minnesota River Basin:  Wet, High Flow Water Year 
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Figure 3-62 Estimated Bioavailable P Contributions to Minnesota Surface Waters—
Minnesota River Basin:  Wet, High Flow Water Year 
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3.4.10 Cedar River Basin 

3.4.10.1 Dry Conditions (Low Flow) 

3.4.10.1.1 Total Phosphorus 

Figure 3-63 shows that, under low flow conditions, the total point source phosphorus contribution 

represents 66 percent, while nonpoint sources of phosphorus represent 34 percent of the loadings to 

surface waters in the Cedar River basin.  Figure 3-63 also shows that human waste products, 

commercial/industrial process water, and food soils represent 68, 13 and 8 percent, respectively, of 

the point source total phosphorus contributions.  The remaining point source categories contribute 

less than 4 percent of the point source loadings.  The combination of residential and commercial 

automatic dishwasher detergent represents approximately 5 percent of the point source total 

phosphorus contributions.  As shown in Figure 3-63, cropland and pasture runoff, atmospheric 

deposition, urban runoff, and ISTS/unsewered communities represent 48, 14, 14, and 13 percent, 

respectively, of the nonpoint source total phosphorus loadings, with the remaining nonpoint source 

contributions below 6 percent.   

3.4.10.1.2 Bioavailable Phosphorus 

Figure 3-64 shows that, under low flow conditions, the bioavailable point source phosphorus 

contribution represents 75 percent of the loadings to surface waters.  Figure 3-64 also shows that 

human waste products, commercial/industrial process water, and food soils represent 69, 14 and 7 

percent, respectively, of the point source bioavailable phosphorus contributions.  The remaining point 

source categories contribute less than 5 percent of the point source loadings.  The combination of 

residential and commercial automatic dishwasher detergent represents approximately 6 percent of the 

point source bioavailable phosphorus contributions.  As shown in Figure 3-64, cropland and pasture 

runoff, urban runoff and ISTS/unsewered communities represent approximately 46, 14, and 21 

percent, respectively, of the nonpoint source bioavailable phosphorus loadings, with the remaining 

nonpoint source contributions below 8 percent.   

3.4.10.2 Average Condition 

3.4.10.2.1 Total Phosphorus 

Under average flow conditions, Figure 3-65 shows that the total point source phosphorus contribution 

drops to 47 percent, compared to 66 percent for the loadings to surface waters under low flow 

conditions.  As presented in Figure 3-65, cropland and pasture runoff and streambank erosion 

represent 54 and 19 percent, respectively, of the nonpoint source total phosphorus loadings, with the 

remaining nonpoint source contributions below 8 percent.  Compared to low flow conditions 

(Figure 3-63), Figure 3-65 shows that the relative nonpoint source contributions of total phosphorus 

increased significantly for streambank erosion, increased slightly for cropland and pasture runoff, 

and decreased significantly for urban runoff and atmospheric deposition.
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Figure 3-63 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Cedar River Basin:  Dry, Low Flow Water Year 
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Figure 3-64 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Cedar 
River Basin:  Dry, Low Flow Water Year 
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Reserved for: 

Figure 3-65 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Cedar River Basin:  Average Flow Water Year 
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3.4.10.2.2 Bioavailable Phosphorus 

Under average flow conditions, Figure 3-66 shows that the bioavailable point source phosphorus 

contribution drops to 60 percent, compared to 75 percent for the loadings to surface waters under low 

flow conditions.  As presented in Figure 3-66, cropland and pasture runoff, streambank erosion and 

ISTS/unsewered communities represent 56, 15, and 10 percent, respectively, of the nonpoint source 

bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 8 percent.  

Compared to low flow conditions (Figure 3-64), Figure 3-66 shows that the relative nonpoint source 

contributions of bioavailable phosphorus increased significantly for streambank erosion and 

decreased significantly for urban runoff, ISTS/unsewered communities and atmospheric deposition. 

3.4.10.3 Wet Condition (High Flow) 

3.4.10.3.1 Total Phosphorus 

Under high flow conditions, Figure 3-67 shows that the total point source phosphorus contribution 

drops to 32 percent, compared to 47 and 66 percent for the loadings to surface waters under average 

and low flow conditions, respectively.  As presented in Figure 3-67, streambank erosion and cropland 

and pasture runoff represent 49 and 36 percent, respectively, of the nonpoint source total phosphorus 

loadings, with the remaining nonpoint source contributions below 5 percent.  Compared to average 

flow conditions (Figure 3-65), Figure 3-67 shows that the relative statewide nonpoint source 

contributions of total phosphorus increased significantly for streambank erosion and decreased 

significantly for all of the remaining source categories. 

3.4.10.3.2 Bioavailable Phosphorus 

Under high flow conditions, Figure 3-68 shows that the bioavailable point source phosphorus 

contribution drops to 45 percent, compared to 60 and 75 percent for the loadings to surface waters 

under average and low flow conditions, respectively.  As presented in Figure 3-68, cropland and 

pasture runoff and streambank erosion represent 40 and 41 percent, respectively, of the nonpoint 

source bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 6 

percent.  Compared to average flow conditions (Figure 3-66), Figure 3-68 shows that the relative 

nonpoint source contributions of bioavailable phosphorus increased significantly for streambank 

erosion and decreased significantly for all of the remaining source categories, except feedlots. 
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Figure 3-66 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Cedar 
River Basin:  Average Flow Water Year 
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Reserved for: 

Figure 3-67 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—
Cedar River Basin:  Wet, High Flow Water Year 
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Figure 3-68 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Cedar 
River Basin:  Wet, High Flow Water Year 
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3.4.11 Des Moines River Basin 

3.4.11.1 Dry Conditions (Low Flow) 

3.4.11.1.1 Total Phosphorus 

Figure 3-69 shows that, under low flow conditions, the total point source phosphorus contribution 

represents 60 percent, while nonpoint sources of phosphorus represent 40 percent of the loadings to 

surface waters in the Des Moines River basin.  Figure 3-69 also shows that human waste products 

and commercial/industrial process water represent 14 and 80 percent, respectively, of the point 

source total phosphorus contributions.  The remaining point source categories contribute less than 3 

percent of the point source loadings.  The combination of residential and commercial automatic 

dishwasher detergent represents approximately 2 percent of the point source total phosphorus 

contributions.  As shown in Figure 3-69, cropland and pasture runoff and atmospheric deposition 

represent 67 and 13 percent, respectively, of the nonpoint source total phosphorus loadings, with the 

remaining nonpoint source contributions below 8 percent.   

3.4.11.1.2 Bioavailable Phosphorus 

Figure 3-70 shows that, under low flow conditions, the bioavailable point source phosphorus 

contribution represents 71 percent of the loadings to surface waters.  Figure 3-70 also shows that 

human waste products and commercial/industrial process water represent 13 and 81 percent, 

respectively, of the point source bioavailable phosphorus contributions.  The remaining point source 

categories contribute less than 3 percent of the point source loadings.  The combination of residential 

and commercial automatic dishwasher detergent represents approximately 2 percent of the point 

source bioavailable phosphorus contributions.  As shown in Figure 3-70, cropland and pasture runoff 

represents approximately 66 percent of the nonpoint source bioavailable phosphorus loadings, with 

the remaining nonpoint source contributions below 9 percent.   

3.4.11.2 Average Condition 

3.4.11.2.1 Total Phosphorus 

Under average flow conditions, Figure 3-71 shows that the total point source phosphorus contribution 

drops to 48 percent, compared to 60 percent for the loadings to surface waters under low flow 

conditions.  As presented in Figure 3-71, cropland and pasture runoff and streambank erosion 

represent 62 and 12 percent, respectively, of the nonpoint source total phosphorus loadings, with the 

remaining nonpoint source contributions below 10 percent.  Compared to low flow conditions 

(Figure 3-69), Figure 3-71 shows that the relative nonpoint source contributions of total phosphorus 

increased significantly for feedlots and streambank erosion, and decreased significantly for urban 

runoff, ISTS/unsewered communities and atmospheric deposition.
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Figure 3-69 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Des 
Moines River Basin:  Dry, Low Flow Water Year 
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Figure 3-70 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Des 
Moines River Basin:  Dry, Low Flow Water Year 
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Figure 3-71 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Des 
Moines River Basin:  Average Flow Water Year 

 

 



 

P:\23\62\853\Report\Final\Final Report.doc  211

3.4.11.2.2 Bioavailable Phosphorus 

Under average flow conditions, Figure 3-72 shows that the bioavailable point source phosphorus 

contribution drops to 60 percent, compared to 71 percent for the loadings to surface waters under low 

flow conditions.  As presented in Figure 3-72, cropland and pasture runoff and streambank erosion 

represent 63 and 9 percent, respectively, of the nonpoint source bioavailable phosphorus loadings, 

with the remaining nonpoint source contributions below 7 percent.  Compared to low flow conditions 

(Figure 3-70), Figure 3-72 shows that the relative nonpoint source contributions of bioavailable 

phosphorus increased significantly for feedlots and streambank erosion, and decreased significantly 

for urban runoff, ISTS/unsewered communities and atmospheric deposition. 

3.4.11.3 Wet Condition (High Flow) 

3.4.11.3.1 Total Phosphorus 

Under high flow conditions, Figure 3-73 shows that the total point source phosphorus contribution 

drops to 28 percent, compared to 48 and 60 percent for the loadings to surface waters under average 

and low flow conditions, respectively.  As presented in Figure 3-73, streambank erosion and cropland 

and pasture runoff represent 33 and 52 percent, respectively, of the nonpoint source total phosphorus 

loadings, with the remaining nonpoint source contributions below 5 percent.  Compared to average 

flow conditions (Figure 3-71), Figure 3-73 shows that the relative statewide nonpoint source 

contributions of total phosphorus increased significantly for streambank erosion and decreased 

significantly for all of the remaining source categories except feedlots. 

3.4.11.3.2 Bioavailable Phosphorus 

Under high flow conditions, Figure 3-74 shows that the bioavailable point source phosphorus 

contribution drops to 41 percent, compared to 60 and 71 percent for the loadings to surface waters 

under average and low flow conditions, respectively.  As presented in Figure 3-74, cropland and 

pasture runoff and streambank erosion represent 55 and 27 percent, respectively, of the nonpoint 

source bioavailable phosphorus loadings, with the remaining nonpoint source contributions below 5 

percent.  Compared to average flow conditions (Figure 3-72), Figure 3-74 shows that the relative 

nonpoint source contributions of bioavailable phosphorus increased significantly for streambank 

erosion and decreased significantly for all of the remaining source categories, except feedlots.
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 Reserved for 

Figure 3-72 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Des 
Moines River Basin:  Average Flow Water Year 

 

 



 

P:\23\62\853\Report\Final\Final Report.doc  213

Reserved for: 

Figure 3-73 Estimated Total Phosphorus Contributions to Minnesota Surface Waters—Des 
Moines River Basin:  Wet, High Flow Water Year 
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Reserved for: 

Figure 3-74 Estimated Bioavailable P Contributions to Minnesota Surface Waters—Des 
Moines River Basin:  Wet, High Flow Water Year 

 




