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To: Marvin Hora, Minnesota Pollution Control Agency 

Douglas Hall, Minnesota Pollution Control Agency 

Mark Tomasek, Minnesota Pollution Control Agency 

From: Nick Nelson, Dan Nesler, and Teresa Perry 

Subject: Detailed Assessment of Phosphorus Sources to Minnesota Watersheds � Point 
Sources 

Date: February 16, 2004 

Project: 23/62-853 POTW 010 

c: Greg Wilson 

Henry Runke     
 

The purpose of this memorandum is to provide a discussion regarding point sources of phosphorus to 
Minnesota watersheds and regarding the sources of phosphorus discharged to Minnesota publicly 
owned treatment works (POTWs).  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 point sources as a source 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 point sources as a source 

of phosphorus, 
• Describe the assumptions made and methodology used to complete the phosphorus loading 

computations and assessments for point sources as a source of phosphorus, 
• Describe the methodology used to determine the various components of phosphorus loading,  
• 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, and 
• Provide recommendations for lowering phosphorus export from point sources. 

 
In addition, the results of this study and the information developed as part of this study is intended to 
assist the MPCA in complying with Minnesota Laws 2003, Chap. 128 Art. 1, Sec. 122 
 
The state goal for reducing phosphorus from non-ingested sources entering municipal wastewater 
treatment systems is at least a 50 percent reduction based on the timeline for reduction developed by 
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the commissioner under section 166, and a reasonable estimate of the amount of phosphorus from 
non-ingested sources entering municipal wastewater treatment systems in calendar year 2003. 
 

Therefore, it is the intent of this memorandum to also: 

• Estimate the current phosphorus load entering municipal wastewater treatment plants, 
referred to as Publicly Owned Treatment Works (POTWs) for the remainder of this 
memorandum 

• Estimate the various sources of phosphorus entering POTWs. 

Overview and Introduction to Point Source(s) of Phosphorus 

Point sources of phosphorus to Minnesota watersheds typically include domestic (private and public) 

and industrial facilities that discharge treated wastewater to surface water through distinct discharge 

points and are regulated under state and federal pollution permit programs. Nonpoint sources of 

phosphorus, such as stormwater runoff from various land use sources, are not covered in this 

memorandum. Additionally, this memorandum does not address discharge of wastewater associated 

with individual sewage treatment system (ISTS) nor does it address wastewater that is land applied.  

 

Wastewater is generated by a number of sources and falls into two categories: Domestic/Household 

wastewater and Industrial and Commercial wastewater. Wastewater from these two sources is 

discharged to one of three categories of wastewater treatment facilities (WWTFs); POTWs, privately 

owned wastewater treatment systems for domestic sources, and industrial wastewater treatment 

systems. Each of the three categories of point sources is discussed in further detail below. 

 

Publicly Owned Treatment Works (POTWs) 

POTWs include wastewater treatment facilities owned and operated by public entities (cities and 

sanitary districts) usually. These facilities treat varying proportions of domestic wastewater and 

industrial wastewater.  For the purposes of this study, POTWs have been subdivided into the 

following additional categories:  

 

1. Size (based on Average Wet Weather Design flow) 

a. Small � less than 0.2 million gallons per day (mgd) 

b. Medium � from 0.2 mgd to 1.0 mgd 

c. Large � greater than 1.0 mgd 
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2. Waste Treated (% by flow volume treated) 

a. POTWs that serve mainly households and residences  - less than 20 % 

industrial or commercial contributions 

b. POTWs that have some commercial or industrial contribution � between 20% 

and 50% industrial or commercial contributions 

c. POTWs that are dominated by a variety of commercial and industrial 

contributions � greater than 50% industrial or commercial contributions 

 

Privately Owned Wastewater Treatment Systems 

Privately owned wastewater treatment systems include those designated for treatment of domestic 

sources and that are privately owned and operated. This category of facility is generally small and 

serves a limited number of residences. Mobile home parks, resorts, and small communities are 

examples of privately owned wastewater treatment facilities. 

 

Industrial Wastewater Treatment Systems 

Wastewater generated as a byproduct of an industrial or commercial process can either be discharged 

to a POTW for treatment or it can be treated (if needed) on site and discharged to a surface water 

under its own NPDES permit. Although, typically there is no difference in the type of wastewater 

generated, these two discharge arrangements are referred to separately in this memorandum for 

clarity. Those industries discharging to a surface water under their own NPDES permit are referred to 

as industrial wastewater treatment systems, while the industrial wastewater discharged to a POTW is 

referred to as an industrial process wastewater. Again, this nomenclature is strictly for the purposes 

of clarity when discussing industrial wastewater.  

 

The industrial water treatment system category includes industries that discharge their treated 

wastewater to a surface water under their own National Pollutant Discharge Elimination System 

(NPDES) permit. In most cases, the wastewater discharged from an industrial wastewater facility is 

from an industrial process. In some cases, small quantities of domestic wastewater (i.e. employee 

wastewater) are also included in these discharges. It was assumed that the domestic portion of the 

wastewater discharges from an industrial facility was minor in comparison to the process wastewater 

discharge and no attempt was made to separate the two. This category also includes noncontact 

cooling water. 



To: Marvin Hora, Douglas Hall and Mark Tomasek, Minnesota Pollution Control Agency 
From: Nick Nelson, Dan Nesler, and Teresa Perry 
Subject: Draft - Detailed Assessment of Phosphorus Sources to Minnesota Watersheds � Point Sources 
Date: February 16, 2004 
Page: 4 

 

P:\23\62\853\Point Sources\POTW Tech Memo_Final_Draft\Final Technical Memo_2-16-04.doc 

 

Sources of Phosphorus 

In addition to identifying the point source loading of phosphorus to each basin from each of the three 

types of treatment facilities (POTWs, privately owned treatment facilities, and industrial wastewater 

treatment systems), the other goal of this study is to identify the sources and estimate the amount of 

phosphorus discharged into POTWs. Although not required by the legislation, the sources of 

phosphorus and an estimate of the amount discharged into privately owned treatment works was also 

completed. Finally, the major types of industrial discharged were also identified for the industrial 

wastewater treatment systems. Phosphorus loading to each was categorized into the following 

sources:  

 

POTWs 

The following individual and/or categorical sources of phosphorus were researched for each POTW: 

• Commercial/industrial process wastewater sources (including noncontact cooling water) 

• Finished water supply and water treatment chemicals (such as polyphosphate compounds or 

orthophosphate compounds used for corrosion control purposes) 

• Industrial and institutional automatic dishwasher detergent 

• Residential automatic dishwasher detergent 

• Dentifrices (oral hygiene products) 

• Groundwater intrusion into sanitary sewers 

• Food soils and garbage disposal wastes (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) 

• Other consumer cleaning products 

• Human wastes  

 

Privately Owned Treatment Facilities 

The following individual and/or categorical sources of phosphorus were evaluated for each privately 

owned treatment facility: 

• Finished water supply and water treatment chemicals  

• Residential automatic dishwasher detergent 

• Dentifrices 

• Food soils and garbage disposal wastes 
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• Other consumer cleaning products 

• Human wastes  

 

It was assumed that the privately owned treatment systems for domestic use were small and that no 

industries would be discharging to them. Therefore, the commercial/industrial process wastewater 

sources, industrial and institutional automatic dishwasher detergent and groundwater intrusion into 

the sanitary sewers sources were assumed not to contribute to these facilities. 

 

Industrial Wastewater Treatment Systems 

The various types of industries discharging phosphorus in their wastewater were identified. For each 

industrial wastewater discharger, their North American Industry Classification System (NAICS) code 

number was identified. The NAICS has replaced the U.S. Standard Industrial Classification (SIC) 

system. This NAICS allowed the data to be sorted by industry type. 

 

The study presents a discussion and the results of phosphorus loading to each of the ten Minnesota 

watershed basins and for the entire state.  

Results of Literature Search and Review of Available Monitoring Data 

Identification of the point sources of phosphorus and load estimates was accomplished with existing 

data and literature information. No direct monitoring of waste streams was undertaken for this 

portion of the study. 

Available Data 

Minnesota Pollution Control Agency (MPCA) Database 

As authorized by the Clean Water Act, the National Pollutant Discharge Elimination System 

(NPDES) permit program controls water pollution by regulating point sources that discharge 

pollutants into waters of the United States (US). This includes all wastewater treatment facilities. The 

NPDES program requires all point source discharges to obtain a permit and follow the discharge 

limits and monitoring requirements outlined in the permit. The MPCA administers the NPDES 

program within the state of Minnesota. The MPCA maintains a database of information required by 

NPDES permit holders and the monitoring data required by the permit. The MPCA�s database for 

NPDES permit information is referred to as the Delta database. Monitoring is performed by the 

permit holders and data are sent to the MPCA via hardcopy and entered into the MPCA Delta 
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database by MPCA staff. Data submitted include the monthly averages, maximums and, in some 

cases, minimums for the required parameters.  

 

Delta is a relatively new database and was phased in beginning in 1998. As permits came up for 

renewal, the permit information was transferred into the MPCA Delta database. Prior to this time, the 

MPCA used the Environmental Protection Agency�s (EPA), Permit Compliance System (PCS) 

database to track its data. All NPDES permit information was being entered into Delta by January 

2001. Therefore, at a minimum, data from the years 2001, 2002 and the first half of 2003 were used 

in the analysis report here.  It was realized that using data from two and a half years rather than two 

full years may be a source of slight error due to the potential for seasonal patterns in phosphorus 

loading. However, it was decided to use two and a half years rather than two full years for several 

reasons: 

• In many cases, the data were for more than the two and a half years (predating January 1, 

2001), depending on when the permit came up for renewal, 

• The error introduced by the additional half year of data was believed to be minor and would 

likely be industry-based only due to seasonal variations in production,  

• It was believed that the two full years of data would balance out any seasonal variation due to 

the partial year of data,   

• The data set available was limited and using two and a half years rather just the two full years 

expanded the data set. 

 

The MPCA�s Delta data contained data for more than 1,300 separate permits, many with multiple 

discharge points called stations, and all available phosphorus data contained therein was used for this 

study. 

 

The specific information provided by the MPCA Delta database is described below: 

• Permit number 

• Name and location of treatment facility (Latitude and longitude) 

• Location of discharges to surface waters from each permit 

• Flow monitoring data (Monthly average, total and maximum) 

• Phosphorus monitoring data (Monthly average and maximum concentrations) 

• Population served by POTW facilities 
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Although the Delta database was our most important data source, it did not provide complete 

information for each permit. Phosphorus data are submitted by permittees for Delta database entry 

when effluent limits are included in permits. Since many permits do not include limits and/or 

monitoring requirements for phosphorus, there was no phosphorus data available for these permits.  

As a result, it was necessary to extrapolate phosphorus data from other permit information (e.g. 

permit application data and basin average phosphorus for similar facilities, etc.). This process and the 

assumptions are described in detail in subsequent sections of this memorandum.  (Detailed 

information on the data fields for the Delta database are presented in Appendix A) 

 

MNPRO Database 

The Minnesota Department of Trade and Economic Development maintains a database (MNPRO) 

that contains information regarding community profiles for each city in Minnesota. The MNPRO 

database was used to obtain the following information (see Appendix B): 

 

• A complete listing of Minnesota communities 

• Information on the type of wastewater treatment system a community discharges to 

• Population of the community 

• A list of businesses and industries in each community, the NAICS code and number of 

employees for each business. 

 

All population data obtained from the MNPRO database were from 2001 estimates.  The other data 

obtained from the MNPRO database were provided by the communities and there may be some 

variation regarding the dates this information was reported.  

 

Metropolitan Council Environmental Services 

The Metropolitan Council Environmental Services (MCES) owns and operates the eight Twin Cities 

Metropolitan Area wastewater treatment facilities. MCES treatment plants process 300 million 

gallons of wastewater every day from 2.2 million residents in 104 communities. MCES serves 64 

percent of the State�s sewered population and flow from the MCES treatment facilities represents 56 

percent of the flow discharged from POTWs in the state and nine percent of the total flow discharged 

from all permitted facilities (POTWs, privately owned treatment facilities and industrial facilities) to 
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the waters of the state.  MCES treatment plants discharge treated wastewater to four area rivers: the 

Minnesota, Mississippi, St. Croix and Vermillion.  

 

The Industrial Waste & Pollution Prevention (IWPP) Section, located within MCES's Environmental 

Planning and Evaluation Department, regulates and monitors industrial discharges to the sewer 

system to ensure compliance with local and federal regulations. IWPP Section staff issue Industrial 

Discharge Permits to industrial users of the Metropolitan Disposal System. Currently, more than 700 

permits are in effect. Each permit holder is also required to conduct self-monitoring and submit 

reports to the IWPP section on a routine basis. The frequency of monitoring and the parameters 

monitored vary significantly by permit. For each MCES industrial permit holder, MCES provided the 

following information (See Appendix C): 

 

• Name and location of permit holder 

• SIC code number for each permit holder (was converted to NAICS code number) 

• Flow and phosphorus estimates (phosphorus data were not available for all permit holders) 

• Employee counts 

 

Minnesota Department of Health (MDH) 

The Minnesota Department of Health (MDH), the agency that regulates the quality of drinking water 

supplies in Minnesota, provided a list of communities that supplemented their water supply with 

continuous phosphate additions (for corrosion control for lead and copper, and iron and manganese 

sequestration) from 2001 to 2003 (see Appendix D). All public water systems in the state took part in 

an initial round of lead and copper testing that ended in 1994. The water was tested in a number of 

homes within each system, to determine if they exceeded the federal �action level� of 15 parts per 

billion (ppb) for lead or 1,300 ppb for copper. If a system exceeded the action level for lead or 

copper in more than 10 percent of the locations tested, it was required to take corrective action (such 

as the addition of phosphate to provide corrosion control for lead and copper) and do further testing. 

Lead and copper in drinking water is not an environmental contamination problem in the 

conventional sense. Water is almost never contaminated with lead or copper at the source, or when it 

first enters the distribution system. However, water can absorb lead and copper from plumbing 

components used in individual homes. Possible sources of lead contamination include lead pipe, lead 
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plumbing solder, and brass fixtures. Lead exposure is a potentially serious health concern, especially 

for young children. 

 

The MDH list provided the water treatment facility�s annual flow rate for all 360 of the systems that 

add phosphorus. In addition, they provided the residual phosphorus concentrations for the 120 

systems that are required to add phosphorus for corrosion control. MDH staff (Dick Clark) provided 

an estimate of the phosphorus concentration of the water in the communities that add phosphorus for 

iron and manganese sequestration and are not required to monitor. He stated that he believed they 

added between 2 mg/L to 2.5 mg/L as phosphate (0.6 mg/L to 0.83 mg/L as phosphorus). These data 

were used to calculate the total phosphorus contribution to the POTWs from the municipal water 

supplies. 

 

Minnesota Pollution Control Agency (MPCA) 

Discussions with MPCA staff (Deborah Schumann, Personal Communications) provided a list of the 

water sources for most of the noncontact cooling water dischargers in the state. Information on 

noncontact cooling water additives was also provided by MPCA staff. 

 

Minnesota Communities 

A number of Minnesota communities were contacted to obtain data or to verify information 

regarding their wastewater treatment facilities (see Appendix E). The types of information provided 

by these communities included: 

• Industrial Phosphorus Data. Fourteen out-state (non-metro) communities with industrial 

phosphorus monitoring programs were contacted and provided data on influent loadings from 

industrial and commercial dischargers to their wastewater treatment facilities. 

• Population Data. Many communities were contacted to determine the population served by 

the wastewater treatment facility. 

• Industrial Discharge Information. Many communities and industries were contacted to verify 

the type and volume of wastewater discharge from an industrial source. 

 

Literature Review 

A number of literature sources, including the following, were reviewed to obtain information on the 

sources of phosphorus to wastewater treatment facilities. 



To: Marvin Hora, Douglas Hall and Mark Tomasek, Minnesota Pollution Control Agency 
From: Nick Nelson, Dan Nesler, and Teresa Perry 
Subject: Draft - Detailed Assessment of Phosphorus Sources to Minnesota Watersheds � Point Sources 
Date: February 16, 2004 
Page: 10 

 

P:\23\62\853\Point Sources\POTW Tech Memo_Final_Draft\Final Technical Memo_2-16-04.doc 

 

Chemical Economics Handbook � Industrial Phosphates - The Chemical Economics Handbook 

(CEH) is published by Stanford Research Institute (SRI), International, and provides comprehensive 

analysis, historical data and forecasts pertaining to the industrial phosphorus market. Detailed supply 

and demand data are presented for the United States, Western Europe and Japan. The handbook 

provides detailed information on the mass of phosphorus consumed annually in the United States for 

major commercial, nonagricultural phosphate chemical products. The report provided historical data 

for the years 1984 through 2000 and forecasted data for the year 2005 for the following major 

commercial products: 

 

• Detergent builders 

• Water supply chemicals 

• Food and beverages 

• Dentifrices (such as toothpaste, etc.) 

 

Metcalf and Eddy, Inc., Wastewater Engineering, 1991 is a well-respected reference in the field of 

wastewater treatment. This text discusses the components that make up wastewater as well as the 

typical wastewater flow rates and characteristics. 

 

A number of studies were conducted in the late 1970�s and early 1980�s that analyzed residential 

wastewater. These studies segregated wastewater from toilets (human wastes), garbage disposals, 

dishwashing water, food soils, baths and showers, laundry discharges, and automatic dishwasher 

detergent, and provided typical flow rates and pollutant characteristics (including phosphorus) for 

each of these sources. The studies noted that while bath and shower wastes contributed to the 

hydraulic load from residences, there was little to no phosphorus from these sources. They did 

provide a phosphorus concentration from laundry discharges, but this study was conducted prior to 

the laundry detergent phosphorus ban. It was assumed that laundry wastes no longer contribute any 

phosphorus to wastewater. 
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These studies found the following to contribute phosphorus to residential wastewater: 

 

• Human wastes 

• Garbage disposals 

• Dishwashing water 

• Food soils 

• Laundry discharges (These studies were completed prior to the ban on phosphorus in laundry 

detergent) 

• And automatic dishwasher detergent 

 

The data were provided in terms of daily per capita use rates. It was assumed that no major changes 

had occurred in the estimates for human waste, garbage disposal waste, and food soils and these data 

were used to estimate source amounts discharged to wastewater treatment facilities. 

 

Ligman, Hutzler and Boyle (1974) characterized the types of wastewater generated in a domestic 

household. They surveyed a total of 50 rural and urban households to determine the various sources 

and amounts of wastewater generated from the bathroom, the kitchen and the laundry. They also 

characterized the pollutants generated from each type of wastewater discharge. A statistical analysis 

of data from rural households as compared with urban residences indicated no significant difference 

in wastewater pollutant loads. 

 

Siegrist, Witt, and Boyle (1976) characterized waste flows from individual rural households. Eleven 

rural homes were monitored and the wastewater flows and water quality characterized. The results of 

this study presented the mean wastewater contribution from various sources on a mass per capita per 

day basis. The wastewater sources studied included fecal toilet flush, nonfecal toilet flush, garbage 

disposal waste, kitchen sink waste, automatic dishwasher usage, clothes washer-wash, clothes 

washer-rinse and bath/shower usage. They found that on average human waste contains 

approximately 1.6 grams of phosphorus per person per day. 

 

Boyle, Siegrist and Saw (1982) focused on treatment of graywater, but also provided a summary of 

the characterization of wastewater from households.  
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Strauss (2000) provided information on the nutrient concentration in human waste. He states that 

humans excrete in the order of 2 grams of phosphorus per day. 

Watershed Basin Characteristics 

Wastewater treatment plants are the main point source inputs of phosphorus to Minnesota 

watersheds. Therefore, it follows that inputs of point source phosphorus depends on the sewered 

population and number of industries in an area. Figure 1 provides a map of Minnesota showing the 

sewered population to POTWs and privately owned treatment facilities of the ten major watershed 

basins. As this map indicates, the Upper Mississippi basin has the largest sewered population, 

exceeding the other basins by an order of magnitude. The sources of phosphorus may also vary by 

watershed basin. For example, the Cedar River basin has little industry and it is expected that the 

majority of the phosphorus contribution in that basin would come from POTWs. 
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