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To: Marvin Hora, Doug Hall and Mark Tomasek, Minnesota Pollution Control Agency 

From: Greg Wilson and Tim Anderson 

Subject: Final � Detailed Assessment of Phosphorus Sources to Minnesota Watersheds � 
Individual Sewage Treatment Systems/Unsewered Communities  

Date: January 16, 2004 

Project: 23/62-853 ISTS 009 

c: Henry Runke     
 

The purpose of this memorandum is to provide a discussion about unsewered communities and 
Individual Sewage Treatment Systems (ISTS) as sources of phosphorus to Minnesota watersheds.  
This discussion is based on a review of the available literature, monitoring data and the results of 
phosphorus loading computations done for each of Minnesota�s major watershed basins as part of 
this study.  This memorandum is intended to: 

• Provide an overview and introduction to these sources of phosphorus 
• Describe the results of the literature search and review of available monitoring data 
• Discuss the characteristics of each watershed basin as it pertains to these sources of 

phosphorus 
• Describe the methodology used to complete the phosphorus loading computations and 

assessments for this study 
• Discuss the results of the phosphorus loading computations and assessments 
• Discuss the uncertainty of the phosphorus loading computations and assessment 
• Provide recommendations for future refinements to phosphorus loading estimates and 

methods for reducing error terms 
• Provide recommendations for lowering phosphorus export from unsewered communities and 

individual sewage treatment systems 
 

Overview and Introduction to Unsewered Communities and ISTS Sources of 
Phosphorus 
 

�Unsewered� or �undersewered� areas are communities or residential areas which have inadequate or no 

centralized wastewater treatment (sewer) systems.  In many cases they may have a sanitary sewer system.  

Individual sewage treatment system (ISTS) refers to a sewage treatment and disposal system located on a 

property, using subsurface soil treatment and disposal for an individual home or establishment.  MPCA 
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(2002a) states that most unsewered communities and many failing septic systems have relatively direct 

connections to surface waters through tiles lines, resulting in a very high delivery potential.  Failing 

systems are systems that are adversely impacting groundwater, while those systems which discharge 

partially treated sewage to the ground surface, road ditches, tile lines, and directly into streams, 

rivers and lakes are considered an imminent threat to public health and safety (ITPHS).   

 

Unsewered areas include but are not limited to incorporated cities (some), unincorporated communities, 

clusters of homes, trailer parks or other rural residential areas where wastewater collection is not done 

through a large sewer system.  Undersewered areas may include unincorporated communities, 

incorporated cities (some), clusters of homes, trailer parks, or rural residential areas where existing 

wastewater treatment methods are not adequate to protect public health or the environment. The situations 

range from failing individual systems to cities with inadequate collection and treatment infrastructure.   

 

Minnesota Rules Chapter 7080 contains minimum standards and criteria for the location, design, 

installation, use, maintenance and abandonment of ISTS, a licensing program for ISTS professionals and 

administrative requirements for local units of government.  The conventional ISTS consists primarily of a 

septic tank and a soil absorption field.  Septic tanks remove most settleable and floatable material and 

function as an anaerobic bioreactor that promotes partial digestion of retained organic matter (EPA, 

2002).  Septic tank effluent, which contains significant concentrations of pathogens and nutrients, has 

traditionally been discharged to soil, sand, or other media absorption fields for further treatment through 

biological processes, adsorption, filtration, and infiltration into underlying soils. Conventional systems 

work well if they are installed in areas with appropriate soils and hydraulic capacities; designed to treat 

the incoming waste load to meet public health, ground water, and surface water performance standards; 

installed properly; and maintained to ensure long-term performance (EPA, 2002). 

 

Phosphorus is present in significant concentrations in most wastewaters treated by ISTS.  After treatment 

and percolation of the wastewater through the infiltrative surface biomat and passage through the first few 

inches of soil, the wastewater plume begins to migrate downward until nearly saturated conditions exist 

(EPA, 2002).  Reduced treatment occurs when the plume is mixing with an elevated water table (see 

Figure 1). At that point, the wastewater plume will move in response to the prevailing hydraulic gradient.  

The movement of subsurface aqueous contaminant plumes is highly dependent on soil type, soil layering, 

underlying geology, topography, and rainfall (EPA, 2002).  In regions with moderate to heavy rainfall, 
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descending effluent plumes remain relatively intact as the water table is recharged from above.  

Monitoring below ISTS systems has shown that the amount of phosphorus leached to ground water 

depends on several factors: the characteristics of the soil, the thickness of the unsaturated zone through 

which the wastewater percolates, the applied loading rate, and the age of the system (EPA, 2002).  The 

amount of phosphorus in ground water varies from background concentrations to concentrations 

comparable to that of septic tank effluent.  The capacity of the soil to retain phosphorus is finite. With 

continued loading, phosphorus movement deeper into the soil profile and downgradient water resources 

can be expected.   

 

 
 
Figure 1:  Schematic of ISTS wastewater discharge. 
 
As previously discussed, conventional treatment systems work well if they are installed in areas with 

appropriate soils and hydraulic capacities; designed to treat the incoming waste load to meet public 

health, ground water, and surface water performance standards; installed properly; and maintained to 

ensure long-term performance (EPA, 2002).  As a result, phosphorus export to surface waters from ISTS 

and unsewered communities is dependent on the following factors: 

• Phosphorus content of waste load 

• Population served by ISTS or unsewered communities 

• Compliance of treatment systems with performance standards 

• Characteristics of soil absorption field, groundwater conditions and proximity to surface waters 
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Review of Available Data and Estimation of Population Served by ISTS/ 
Unsewered Communities 
 

Data pertaining to the phosphorus content of the untreated waste load from unsewered communities 

was addressed in the Point Sources Technical Memorandum (Barr, 2003), prepared for this project.  

For the purposes of this analysis, the phosphorus contained in untreated sewage discharge from ISTS 

or unsewered communities consists of the following sources, with the corresponding per capita 

loadings of phosphorus (taken from the Point Sources Technical Memorandum): 

Source Phosphorus Load (kg/cap/yr) 

Automatic dishwasher detergent 0.1250 

Dentifrices 0.0115 

Food soils and garbage disposal wastes 0.1895 

Ingested Human wastes 0.5585 

Total 0.8845 

 

Dentifrices include toothpaste and other dental care products.  Food soils include waste food and 

beverages poured down the sink, and food washed down the drain as a result of dish rinsing and 

washing (Barr, 2003).  The total per capita phosphorus load of 0.8845 kg/yr, which corresponds to 

1.946 lbs/cap/yr, was assumed to apply to the population served by ISTS or unsewered communities 

throughout the state. 

 

The number of people served by ISTS was estimated from a variety of data sources.   

Table 1 provides a summary of population served by ISTS by basin using four data sources.  A 

description of each of these data is discussed below.  Two of the data sources were spreadsheets 

provided by the Minnesota Pollution Control Agency, another was the 1990 Census (United States 

Census Bureau, 1990), and the last was estimated based on the results from the Point Sources 

Technical Memorandum.  Table 1 contains a summary of the population served by ISTS by major 

drainage basin for each of the four methods examined. 

 

The method using the difference between the 2000 Census (United States Census Bureau, 2000) 

population and the POTW population served totals were used in the study to estimate phosphorus 

loadings from ISTS.   This data showed good consistency with the other data available for ISTS in 
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LUG:  Local Unit of Government 
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Minnesota.   By using the by difference method, a total accounting of domestic waste disposal is 

provided in this study. 

 

Below is a description of the data used to develop the summary in Table 1.  

 

MPCA Unsewered Communities Spreadsheet 

 

The MPCA developed a spreadsheet, updated in September, 2003, providing a list of unsewered 

communities within Minnesota (MPCA, 2003a).  Included in the spreadsheet are 841 communities.  

The major basin for each of these communities was estimated by assigning an approximate 

geographic location based on a city, township, lake/county, or township-range-section location 

(whichever provided the most detailed location).    The locations were determined for 785 of the 841 

communities.   The remaining 57 communities were not located.  Many of the communities that were 

not located were subdivisions or unmapped communities using local names. 

 

The sum of the population served by ISTS in these communities was approximately 253,000.  The 

total for unsewered communities under-represents the amount of ISTS systems in the state since it 

includes only systems within a community.  Although summarized in Table 1, these data were not 

directly used in the comparison of methods.  

 

MPCA ISTS Local Units of Government (LUG) Spreadsheet 

 

This spreadsheet consists of a summary of ISTS by local units of governments with ISTS ordinances 

in 2002 (MPCA, 2002b).   Included in the spreadsheet was the LUG name and type (e.g. city, 

township or county).  An estimate of the number of full time and seasonal residences served by ISTS 

was included in the spreadsheet.  There was also an estimate of the number of failing systems and an 

estimate for the number of systems which are considered an ITPHS.  The population served was 

estimated by multiplying the number of full time residences by the population per household values 

(for the 2000 census) for the LUG�s respective county. 

 

The LUGs in this spreadsheet were located geographically as polygons using MnDOT�s base map 

GIS layers for municipalities, townships, and counties.  To prevent overlap between counties and the 

smaller governmental units, ArcInfo GIS was used to clean the boundaries between the overlapping 



To: Marvin Hora, Doug Hall and Mark Tomasek, Minnesota Pollution Control Agency 
From: Greg Wilson and Tim Anderson 
Subject: Final � Detailed Assessment of Phosphorus Sources to Minnesota Watersheds � Individual Sewage Treatment 

Systems/Unsewered Communities 
Date: January 16, 2004 
Page: 7 
 

P:\23\62\853\ISTS\ISTS Tech Memo\Final ISTS_Unsewered Communities Technical Memorandum for MPCA’s Detailed Assessment of 
Phosphorus Sources.doc  

jurisdictional boundaries.   For example, if a municipality had its own ISTS ordinance, the city 

boundary was excluded from the area of the County (which would also have an ordinance) in which 

it is located.   

 

The resulting polygons were overlaid with the ten major basins to estimate the ISTS totals for each 

major basin.   In cases where a jurisdiction was in two or more major basins, the ISTS population 

served for each basin was weighted by area. The sum of all the population served for the State of 

Minnesota was approximately 1,073,000 based on the LUG spreadsheet. 

 

1990 Census of the United States 

 

The 1990 Census (United States Census Bureau, 1990) included questions regarding sewage disposal 

for both vacant and occupied housing units.  Below is a description of the data provided by the 

Census Bureau: 

 

SEWAGE DISPOSAL  

The data on sewage disposal were obtained from questionnaire item H16, which was asked at 

both occupied and vacant housing units. This item was asked on a sample basis. Housing 

units are either connected to a public sewer, to a septic tank or cesspool, or they dispose of 

sewage by other means. A public sewer may be operated by a government body or by a 

private organization. A housing unit is considered to be connected to a septic tank or 

cesspool when the unit is provided with an underground pit or tank for sewage disposal. The 

category, "Other means" includes housing units which dispose of sewage in some other way.  

 

Comparability--Data on sewage disposal have been collected since 1940. In 1970 and 1980, 

data were shown only for year-round housing units. In 1990, data are shown for all housing 

units. 

 

Note that sewage disposal data were not collected in the 2000 census (United States Census Bureau, 

2000).   The �septic tank or cesspool� and �other units� were combined as an estimate for ISTS in 

this study. 
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In the 1990 census, the sewage disposal data were not split between year-round and vacant/seasonal 

housing.  For this study, it was assumed that the percentage of all housing units with ISTS were equal 

to the percentage of year-round housing units with ISTS.  Therefore, the total ISTS in each census-

blockgroup was estimated by multiplying the ratio of year-round housing to all housing units by the 

total number of households with ISTS in that census-blockgroup.   The population served was 

calculated by multiplying the number of households with ISTS by the population per household for 

the census blockgroup.  

 

The estimated population served by ISTS in Minnesota using the 1990 census data is 1,087,000.    

 

Estimation of Population Served by ISTS by Difference Between 2000 Census and WWTP 
Population Served (Difference Method) 
 

The sum of the population served by public/private wastewater treatment systems and ISTS can be 

assumed to be the population of the State of Minnesota during the 2000 census.  The estimate of 

population served using ISTS by basin can be estimated by calculating the difference between the 

total population of each basin and the number of persons served by wastewater treatment plants in 

the basin. 

 

The population served for each of the POTWs and privately owned wastewater treatment facilities 

were estimated.  The population served for each facility was not readily available for all of the 

permitted facilities.  Therefore, the following approach was taken and the following assumptions 

made (as per the Point Sources Technical Memorandum): 

 

1. MPCA Delta Database.  When available, the population served by a treatment facility as 

listed in the Delta database was used. 

2. MNPRO Database.  If population data was not available from the Delta database, the 

population of the community corresponding to the permit was assumed to equal the 

population served by the WWTP.  This information was obtained from the MNPRO data 

base. 

3. ISTS unsewered communities and LUG spreadsheets.  These communities and the population 

served by ISTS systems were compared to the communities having an NPDES permit as 

listed in the Delta database.  If a community had both a NPDES permit to discharge to 
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surface water and was listed as being served by an ISTS, the difference of the City�s 

population and the ISTS population was used as the population served by the treatment 

facility.  If no information could be located, the permit holder was called to determine the 

population served by each system. 

4. MNPRO Database. The complete listing of communities within the state of Minnesota as 

contained in the MNPRO database was compared to both the NPDES list and the unsewered 

communities list to verify that all communities within the state were accounted for.  Any 

communities with a population greater than 1,000, that were unaccounted for, were contacted 

and the final disposition of their wastewater was determined.  In many cases these 

communities transferred their wastewater to another community�s treatment facilities. 

5. Communities with a population of less than 1,000 that did not have either an NPDES permit, 

or were listed as an ISTS or unsewered community, were assumed to be served by an ISTS 

system. 

6. Finally, the population served by unsewered and ISTS systems was tallied on a major basin 

basis.  These results are presented in Table 1. 

 

The state-wide estimate for population served by ISTS based on the difference between the 2000 

census and the POTW totals is approximately 1,094,000.  The basin total ISTS values in Table 1 

were corrected for the number of people whose domestic wastewater is treated in a wastewater 

treatment plant outside of the basin where they live.  This correction was done for the four basins that 

include Twin City Metro Area.  To determine the areas where there are basin transfers, 1997 

Metropolitan Council sewersheds, showing the areas draining to specific wastewater treatment plants 

in the Metropolitan Area, were overlaid with the major basins.  The result of this analysis was the 

area in each of the basins which discharge to a WWTP in a different basin.  These data were then 

overlaid on the 2000 Census blockgroup data to determine the populations of the areas.  The net 

results of this analysis are shown in Table 1.   

 

The breakdown of population served by major basin presented in Table 1 was relatively consistent 

between the three methods summarized.  The LUG spreadsheet and the POTW by difference methods 

showed the same overall percentage (22 percent) of the total population of the state is served by 

ISTS.  The 1990 Census total had approximately the same state-wide population served value, but its 

percentage usage was higher since the population of the state was lower in 1990 compared to 2000.  
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In general, the three methods indicate that the total number of people served by ISTS in Minnesota is 

approximately 1,080,000, 22 percent of the total population in 2000. 

 

The comparison shows a good match between the three methods for the Upper Mississippi River, 

Cedar River, St. Croix River, Red River of the North and Minnesota River basins.  The Lake 

Superior and Rainy River basins have the largest discrepancy between the three methods, but the 

difference method value is near the average of the other two methods for both basins.   

 

The smaller basins in southwest Minnesota (Missouri and Des Moines rivers) had the largest 

percentage differences, although their numerical differences were small since the populations of 

these basins are low.  The reason the differences are so great in these two basins, on a percentage 

basis, is not clear.   

 

The results in Table 1 show that using the difference method provides a good estimate for the number 

and distribution of ISTS users across the state.  By using the difference method, the entire population 

of the state is accounted for in the phosphorus calculations for domestic wastewater generation. 

 

Basin Characteristics    

 

Population served by ISTS or unsewered communities, compliance of treatment systems with 

performance standards, groundwater conditions, and characteristics of soil absorption field and proximity 

to surface waters are important factors in determining phosphorus export.  As previously discussed, the 

major basin for each of the communities in MPCA unsewered communities spreadsheet was 

determined by assigning an approximate geographic location based on the available city, township, 

lake/county, or township-range-section location data.  The MPCA ISTS LUG spreadsheet provided 

estimates of the number of full time and seasonal residences served by ISTS, along with the number 

of failing systems and an estimate for the number of systems which are an ITPHS.  The population 

data used for both ISTS and unsewered communities are included in Tables 1 and 2.  Table 2 also 

shows the number of residential systems in each basin.  The Upper Mississippi River basin accounts 

for almost one-quarter of the population served by ISTS and more than 60 percent of the unsewered 

areas population.  The Minnesota, Lower Mississippi, Red and St. Croix River basins serve ISTS 

populations of between 110,000 and 160,000, while the Minnesota and St. Croix River basins have 
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unsewered area populations between 25,000 and 33,000.  The remaining basins represent small 

fractions of the statewide populations served by ISTS and unsewered communities. 

 

Table 2 shows the percentages of failing systems and systems which discharge partially treated 

sewage (or are considered an ITPHS), estimated for each of the basins and the state.  These estimates 

show that the Des Moines River basin has the highest percentage (41%) of ISTS systems considered 

an ITPHS, followed by the Minnesota and Missouri River basins with 29 and 22 percent, 

respectively.  The St. Croix, Lake Superior, Rainy and Upper Mississippi River basin estimates for 

percentages of ISTSs considered an ITPHS were all less than 8 percent.  Table 2 shows that the 

Rainy River basin had the highest (43%), while the St. Croix basin had the lowest (11%), percentages 

of failing ISTS systems.  All of the other basins had estimated percentages of failing ISTS systems 

between 24 and 35 percent.  The high percentage for the Rainy River basin may be partially due to the 

presence of high water tables relative to the other basins. 

 

Retardation of phosphorus contamination of surface waters from ISTSs is enhanced in fine-textured soils 

without continuous macropores that would allow rapid percolation.  Increased distance of the system from 

surface waters is also an important factor in limiting phosphorus discharges because of greater and more 

prolonged contact with soil particle surfaces.  The risk of phosphorus contamination, therefore, is greatest 

in karst regions and coarse-textured soils without significant iron, calcium, or aluminum concentrations 

located near surface waters (EPA, 2002).  The presence of karst regions in portions of the Lower 

Mississippi River basin means that the 27 percent of failing ISTSs (from Table 2) might be lower than the 

actual percentage of systems adversely impacting groundwater.  For this analysis, no attempt has been 

made to vary the estimates of phosphorus discharged to surface waters from conforming and non-

conforming systems, based on the presence of karst regions, elevated water tables or various types of soils 

in each basin.  
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The Minnesota River basin had a significant number of households served by sewage treatment 

systems that involved direct discharge to a tile drain line (Tetra Tech, 2002).  The majority of these 

systems, referred to as direct-to-tile ISTS, include a septic tank with no other treatment.  Assuming 

that most of the direct-to-tile ISTS are located in rural areas with tile lines, Tetra Tech (2002) 

extracted data from the Minnesota River Assessment Project, or MRAP (MPCA, 1994), to develop a 

relationship between the number of direct-to-tile ISTS and cropland.  The ISTS densities and 

cropland were then mapped by minor watersheds across the Minnesota River basin.  The higher 

densities of direct-to-tile ISTS occurred in the southeastern watersheds, while the lower densities 

occurred in the northwestern watersheds (Tetra Tech, 2002).  The geographic trend in density was 

assumed to be consistent with the MRAP designations for three nutrient source regions, and the 

average density of direct-to-tile ISTS per 10,000 acres of cropland was determined for each source 

region.  The average densities determined for Source Regions 1, 2, and 3 were 0.78, 4.88, and 18.17 

direct-to-tile ISTS per 10,000 acres of cropland, respectively (Tetra Tech, 2002).  Source Regions 1, 

2, and 3 progress from the northwest to the southeast in the Minnesota River basin. 

 

For this analysis, the assumptions about direct-to-tile ISTS density per 10,000 acres of cropland for 

each source region were retained for the Minnesota River basin.  Since no assessments of direct-to-

tile ISTS had been published for any other basins in Minnesota, several of the minor watersheds in 

surrounding basins were assumed to have direct-to-tile ISTS densities comparable to Source Regions 

1, 2, and 3, based on knowledge of the presence of drain tiles, cropland and their proximity to the 

MRAP study areas.  Figure 2 shows how these minor watersheds, with their assumed Source Region 

designations, provide a transition in the direct-to-tile ISTS densities assumed to exist outside of the 

areas studied in MRAP (MPCA, 1994).  The amount of cropland and area of each Source Region was 

determined and multiplied to determine the total number of direct-to-tile systems for each basin 

(shown in Table 2).  The population served by direct-to-tile ISTS was estimated by multiplying the 

number of systems by the average household size for each basin (shown in Table 2). 

 



To: Marvin Hora, Doug Hall and Mark Tomasek, Minnesota Pollution Control Agency 
From: Greg Wilson and Tim Anderson 
Subject: Final — Detailed Assessment of Phosphorus Sources to Minnesota Watersheds — Individual Sewage Treatment 

Systems/Unsewered Communities 
Date: January 16, 2004 
Page: 14 
 

P:\23\62\853\ISTS\ISTS Tech Memo\Final ISTS_Unsewered Communities Technical Memorandum for MPCA's Detai led Assessment of 
Phosphorus Sources.doc  

 

 

Approach and Methodology for Phosphorus Loading Computations    

 

Based on the availability of data and the potential for variation in phosphorus export from unsewered 

communities and the various types of conforming and nonconforming ISTS, phosphorus loadings 

were estimated for each of the following source categories: 

·  Unsewered communities 

·  Direct-to-tile ISTS 

·  Conforming and nonconforming seasonal ISTS 

·  Remaining conforming and nonconforming ISTS 

 


