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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. 
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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 



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: 9 

 

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

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. 
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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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Approach and Methodology for Phosphorus Loading Computations    

The goal for determining the point source phosphorus loading for each of the watersheds consists of 

two parts. The first part is to quantify the point source loadings discharged to each of the watershed 

basins. The second is to identify the component sources of phosphorus in wastewater discharged into 

each of the POTWs. The process required to achieve these goals involved a multitude of steps and 

activities. This effort included collecting, processing and reviewing thousands of data points from a 

number of sources. The major data sources were discussed previously and the following paragraphs 

discuss the approach followed, assumptions made, and methodology used for accomplishing these 

goals. 

 

The first phase of this study was to gather available data. The objectives were to: 

 

• Obtain actual facility influent and effluent flow rates  

• Obtain facility-specific phosphorus influent and effluent concentrations  

• Obtain as much actual industrial discharge information as available given the schedule, both 

flow rate and phosphorus concentration 

• Obtain actual data on phosphorus concentrations in finished water supplies 

• Obtain actual data on infiltration and inflow to wastewater treatment systems, and 

• Obtain literature values for the various components of the wastewater influent 

 

After the data gathering phase, extensive data processing and quality assurance activities were 

performed in preparation for load calculations. These tasks are described in the paragraphs that 

follow. 

 

Phosphorus Point Sources and Amounts to Waters of the State 

The point source phosphorus loads to surface waters from each of the three types of treatment 

facilities were estimated by determining the average annual flow rate for each point source 

discharger and multiplying it by the average annual phosphorus concentration. Because there was 

limited data for some dischargers, monthly averages at best, it was decided to estimate the 

phosphorus load by calculating the average annual flow and multiplying it by the average annual 

phosphorus concentration. The phosphorus load to each basin was calculated as the sum of the loads 

from each point source discharger within the basin. It should be noted that sewershed boundaries do 
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not always agree with the watershed boundaries and the assignment of point source loads to a 

watershed basin was based on the point of discharge to waters of the state. In some cases the 

phosphorus load may have been generated in other basins and sewered to a wastewater treatment 

plant in another basin for treatment and discharge. 

 

Influent and Effluent Flow Data 

Data on all municipal, private and industrial and commercial dischargers were obtained from the 

MPCA Delta database. The Delta database provided information for a total of 1,307 permitted 

dischargers. Because this information determined which facilities and which stations discharged to a 

surface water and which did not, a significant level of effort was paid to reviewing this information. 

As a first step, the stations for each permit were reviewed to verify that a valid discharge to a surface 

water was occurring for each station in each permit. As a result of this review, many stations and 

some entire permits were deleted from the database used for this study. The following stations were 

deleted for this study: 

 

• Stations that represented a discharge to land, 

• Stations that strictly represented a stormwater runoff discharge,   

• Permits that had no influent and effluent flow data. It was assumed that if there was no data 

for either the influent or the effluent stations, that there had been no discharge from that 

facility. 

 

As a result of this process the total number of stations (or outfalls) was reduced from 7,861 to 1,510 

and the total number of permits was reduced from 1,307 to 910.  

 

The NPDES discharges were separated into the following categories as part of the review process: 

 

• Domestic vs. industrial flow was verified. In some cases, the Delta database designation was 
modified. For example, prisons and schools were changed from an industrial source to a 
domestic source 

• Noncontact cooling water sources were noted, and 

• Mine pit dewatering sources were noted 
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Next, the influent and effluent flow rates for the NPDES surface water permits and stations were 

reviewed. If only influent flow data were available from the Delta database, the effluent flow was 

assumed to be equal to the influent flow, because loss through the wastewater treatment process is 

minimal. Similarly, if only effluent flow rates were available from Delta, the influent flow rates were 

assumed to be equal to the effluent flow rates. Pond systems presented a challenge in that they 

discharge infrequently and, when they do, the flow rate is relatively high. For many pond systems 

there was no discharge information available because they had not discharged during the period of 

record. Conversely, in other instances the average annual effluent flow from a pond system greatly 

exceeded the annual average influent flow.  Because is was not possible to determine the time period 

between discharge events and therefore the average annual effluent flow rate, it was assumed that 

there was no net loss of wastewater from the pond system and the average annual effluent flow rate 

was assumed to be equal to the measured influent flow rates for pond systems. For industrial 

wastewater treatment systems, only effluent flow data were required. 

 

Next, the flow rate data were validated. All flow values were converted to million gallons per day 

(mgd) and then averaged for each permit and station combination. The standard deviation was 

calculated for each permit station.  Permits with high standard deviations raised concern, and the 

monthly flow rate data for the individual permits were manually reviewed. By reviewing multiple 

years is was relatively easy to spot the general trend in discharge rates and correct obvious errors.  

 

Once the data validation was complete, average annual influent and effluent flow rates were 

calculated for each facility.  

 

Treatment Plant Influent and Effluent Phosphorus Loadings 

To meet the goals of this study, it was necessary to determine both the influent phosphorus loads 

discharged into the POTWs and privately owned treatment facilities and the effluent phosphorus load 

being discharged from the POTWs and privately owned treatment facilities along with the effluent 

loads from the industrial wastewater treatment systems. The approach used to determine the 

phosphorus loading from each of the three types of facilities to the basin is very similar and is 

described below.  Phosphorus loads were determined by multiplying the influent and effluent flow 

rates discussed above by the influent and effluent phosphorus concentrations, respectively. 

Phosphorus concentration data was obtained from the Delta database. In some cases, determining the 
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phosphorus concentration from each discharger was complicated by the absence of phosphorus data. 

Delta phosphorus data are submitted by permittees for Delta entry when effluent limits or monitoring 

requirements are included in permits.  Since many permits do not include limits and/or monitoring 

requirements for phosphorus, there were no effluent phosphorus data available for these permits. In 

addition, many facilities that have an effluent phosphorus limit monitor only the effluent phosphorus 

and do not monitor the influent phosphorus concentrations. 78 percent of the POTWs (which 

represents 88% of the flow), 52 percent of the privately owned treatment facilities (which represent 

80 percent of the flow); and 22 percent of the industrial treatment facilities had effluent phosphorus 

data (which represents 7 percent of the flow). For these reasons, it was necessary to estimate 

phosphorus concentrations from other sources. Table 1 summarizes the availability of phosphorus 

data from the Delta database. 

Treatment Facility 
Category

Total No. of 
Permits

Percent of Permits 
with Influent 

Phosphorus Data

Percent of Flow with 
Influent Phosphorus 

Data

Percent of Permits 
with Effluent 

Phosphorus Data

Percent of Flow with 
Effluent Phosphorus 

Data
POTW 534 71% 87% 78% 88%
Privately Owned 
Treatment Facility

42 31% 59% 22% 80%

Industrial Wastewater 
Treatment Facilty

315 NA NA 69% 7%

Total 891 44% 87% 57% 20%
NA: Not Applicable

Table 1
Summary of Phosphorus Data

 
 

Effluent phosphorus data was available for approximately 505 POTWs, privately owned treatment 

works and industrial point source dischargers. Influent phosphorus data was available for 393 

POTWs and privately owned treatment facilities. The annual influent and effluent phosphorus loads 

for each wastewater treatment facility and the effluent phosphorus loads for the industrial sources for 

which data were available were estimated as the products of the average phosphorus concentrations 

and flow rates extrapolated over the monitoring period.  

 

Missing POTW and privately owned treatment facility effluent phosphorus concentrations were 

estimated by assuming the calculated basin average phosphorus (as described in the previous 

paragraph) for similar facility types. In a limited number of cases calls were made to the permittee to 

verify the phosphorus effluent concentrations. Missing influent phosphorus data were also estimated 

from basin average influent data for similar facilities.  
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Effluent phosphorus concentrations for industrial wastewater treatment systems that did not have 

monitoring data were estimated from phosphorus data for industries with like NAICS codes. This 

process is described in detail in subsequent paragraphs. 

 

Noncontact Cooling Water  

Certain commercial and industrial users discharge noncontact cooling water directly to surface 

waters.  Noncontact cooling water dischargers were identified through review of the NPDES permit 

data. When available, the amount of phosphorus in these discharges was calculated from data 

contained in the Delta database. In most cases, however, no phosphorus data were available. For each 

noncontact cooling water discharge, the source of the water was identified as were additions of 

phosphorus-based corrosion control chemicals. In calculating the phosphorus loads associated with 

noncontact cooling water, reported data on discharge volumes and phosphorus concentration were 

used whenever they were available. However, when the phosphorus concentration of noncontact 

cooling water was not specified in the permit data, the source of the cooling water was determined 

and any information on phosphorus additives was investigated. Most of this information was 

available from MPCA staff (D. Schumann, Personal Communication) familiar with the industries 

discharging cooling water.  This provided a basis to estimate the phosphorus concentration. For 

example, if the source of the cooling water was the municipal water supply and no phosphorus was 

added, it was assumed that the phosphorus concentration discharged was equivalent to the municipal 

water supply value. If the source of the cooling water was an on-site well, the phosphorus 

concentration was assumed to be equal to the groundwater phosphorus concentration. Finally, if the 

source of the cooling water was the same body of water that received the effluent and no phosphorus 

was added for water treatment, it was assumed that there was no additional phosphorus load to the 

surface water.  

 

Phosphorus Sources and Amounts to POTWs and Privately Owned Treatment Facilities 

Although the 50 percent reduction goal required by Minnesota Laws 2003, Chap. 128 Art. 1, Sec. 

122 applies only to the influent to POTWs and does not apply to the influent to privately owned 

treatment facilities, information on the phosphorus sources to both POTWs and privately owned 

treatment facilities is presented for comparison and completeness. The various sources of influent 

wastewater entering POTWs and privately owned treatment facilities were estimated separately by 

the techniques described below. 
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Population Data 

Because much of the information gathered during the literature search for the various components of 

the influent wastewater was based on per capita values, it was necessary to accurately determine the 

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

population served for each facility was not readily available for all of the permitted facilities.  

Therefore, the following stepwise approach was taken: 

 

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

in the Delta database was used. Approximately 230 of the permits had population data listed 

in the Delta database. However, through phone calls to individual wastewater treatment plant 

operators, some of these numbers were modified based on their comments. 

 

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

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

population served by the WWTF. This information was obtained from the MNPRO database. 

 

3. ISTS Information. Information obtained on ISTS and unsewered communities was obtained 

from MPCA as described in the Individual Sewage Treatment Systems/Unsewered 

Communities Technical Memorandum. These communities and the populations 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 a surface water and 

was also listed has 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 contacted to verify 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 

community with a population greater than 1,000 that was unaccounted for was contacted by 
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telephone and the final disposition of their wastewater was determined. In many cases these 

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

 

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

permit, were not listed in the ISTS database or were not listed as an unsewered community 

were assumed to be served by an ISTS system. 

 

No information was available regarding septage hauled to the POTWs and therefore no estimate of 

this source was made. 

 

Commercial and Industrial Process Wastewater 

A wide variety of commercial and industrial operations discharge wastewater into the waters of the 

state. Some have direct discharges under their own NPDES permits as discussed in previous 

paragraphs while others discharge into POTWs under terms of city-issued wastewater discharge 

permits. Industrial process discharge monitoring data from MCES were collected for the eight MCES 

facilities. In addition to the MCES data, commercial and industrial process monitoring data were 

collected from the cities of Luverne, Melrose, Moorhead, St. Cloud, Winona, Faribault, Glencoe, 

New Ulm, Owatonna, Plainview-Elgin, Rochester, Zumbrota, Mankato and Marshall. In addition to 

the industrial monitoring data, the NAICS code number and number of employees were also 

obtained.  Using this information, the estimated phosphorus load per employee was calculated for the 

various NAICS code numbers. 

 

This information was used to estimate the industrial/commercial process wastewater component of 

the POTW phosphorus loads. The quantities of phosphorus discharged to the sewer system by 

commercial and industrial operations for which data were obtained was estimated by extrapolating 

discharge data to an annual total.  

 

The data collected were categorized by NAICS code numbers for the commercial or industrial 

operation monitored, and included flow volumes and total phosphorus concentrations. NAICS code 

numbers are six digit numbers that organize similar industries into groups for statistical reporting 

purposes. Industries with the same six digit codes are virtually the same, in terms of the product(s) 

they produce or the service(s) they provide, although operational differences may result in 
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wastewater discharges of varying quality. Industries having NAICS codes with the same first five 

and four digits are in the same general industry group, but produce slightly different products or offer 

slightly different services. These records were used to estimate the Industrial and Commercial 

wastewater components of the POTW phosphorus loads where no data were available. This 

monitoring data collected as described above provided a database of industrial and commercial 

phosphorus loading by NAICS code and by employee count. For some industries there was good 

agreement in data, and in others there was significant variation. The industrial data set for each 

NAICS code number was reviewed. If there was significant variation in data, such as a single outlier 

when numerous other data points were in agreement, the outlier was not used in the industrial 

database.  An average phosphorus load per employee was then calculated for each NAICS code 

number.  Employee count was used as the method of adjusting the phosphorus load for the variation 

of industry sizes within a NAICS code number. The MCES industrial information received had 

employee count available for most of the facilities permitted. In addition, MNPRO listed the 

employee count for all the industries in their database. Appendices B, C and E present the industrial 

information collected as part of this study. 

 

The industries in communities that did not have monitoring data were identified from the MNPRO 

database. The employee counts and NAICS code numbers were also obtained. The following process 

was used to estimate phosphorus discharges from industries for which no data were available: 

 

• First, exact six digit matches to database were identified and these per employee phosphorus 

discharge rates were applied, 

• Then five digit matches were identified for the remaining permits, 

• Then four digit matches, 

• Finally, if no match was found at the four-digit level, then no estimate of the phosphorus 

contribution was made. 

 

There were a number of industries that did not have a match from the industrial database developed 

from the industrial process MCES and out-state information. The industrial process wastewater 

phosphorus loads to each POTW was reviewed and verified by completing a check on the influent 

sources. A per capita estimate for the human waste contribution to POTWs was used and the sum of 

the phosphorus load from all the sources was compared to the influent phosphorus value. These 
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numbers were in agreement for each basin on a whole. There was some variation when reviewed on 

an individual treatment plant basis. 

 

Water Supply Treatment Chemicals 

Phosphorus-based chemicals, primarily polyphosphate compounds or zinc orthophosphate, are 

sometimes used for corrosion control and metal sequestration purposes in water supply systems as 

well as industrial process water.  It was assumed that the phosphorus load from the industrial process 

water would be accounted for in the industrial wastewater component and this section accounts only 

for the phosphorus added to municipal water supplies. The phosphorus-based chemicals add 

phosphorus to the water supply, either on a continuous or episodic basis. Discussions with staff of the 

Minnesota Department of Health (L. Rezania, Personal Communication), the agency that regulates 

the quality of drinking water supplies in Minnesota, provided a list of community water supplies that 

are supplemented with continuous phosphate additions for the years 2001 through mid-year 2003 (see 

Appendix D). The MDH found 360 systems that use a phosphate based chemical in their drinking 

water treatment process. Approximately 120 of these systems are required to add phosphorus under 

the corrosion control program. The MDH provided the average residual phosphorus concentration in 

the water supply for the systems that are required to add phosphorus and monitor and monitor their 

residual. The average residual phosphorus concentration was about 0.75 mg/L as phosphorus for the 

communities that monitored for phosphorus. This agreed with the estimate of 0.66mg/L to 0.85 mg/L 

provided by MDH staff. This average value was used for each of the communities that were known to 

add phosphorus, but for which there was no concentration data available.  

 

Literature values (Metcalf and Eddy, 1991) indicate that, on average, 70 percent of the water 

supplied from a water treatment facility is discharged back into a wastewater treatment facility. This 

information was used to calculate the finished water phosphorus contribution to each facility. The 

phosphorus contribution from municipal water supplies to a POTW was calculated by estimating the 

annual phosphorus mass used in treatment of the water supply from the MDH data and assuming 70 

percent of it is discharged to the POTW. 

 

Residential Automatic Dishwasher Detergents (ADWD).  

Automatic home dishwashing detergents may contain up to 11 percent phosphorus, by weight, 

according to Minnesota Rule Chapter 7100.0210. However, they typically average between 6 and 8 
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percent phosphorus, by weight, based on an informal store-shelf survey conducted as part of this 

project. According to the SRI report, although the demand for ADWD products has increased, the 

overall consumption of phosphorus in ADWD products has declined slightly. The major reason for 

the decline was the loss of the market for chlorinated trisodium phosphate (TSP-chlor) as more 

nonphosphate dishwashing formulations are being developed as well as a trend toward the use of 

tablets and liquids with a slightly lower phosphate content. Powder dishwashing products have 

historically contained about 9 percent phosphorus (as phosphorus) while liquid automatic 

dishwashing detergents contain only 5.7 percent phosphorus (as phosphorus). The SRI report states 

that although nonphosphate automatic dishwashing formulations are being developed, marketable 

products are not presently considered to be a serious threat because the alternatives are abrasive and 

costly. Total phosphorus consumption in home dishwashing detergents has declined by about 7 

percent between 1993 and 2000, and values for 2002 are expected to be just below those obtained for 

2000. 

 

To estimate the residential ADWD component of the WWTF phosphorus loads, we referred to the 

Stanford Research Institute (SRI), an organization that tabulates raw material utilization and finished 

product generation for a wide variety of industries, world-wide. Using 2000 data on annual phosphate 

utilization for ADWD formulation in the United States (26,400 short tons, as phosphorus) from the 

SRI publication Chemical Economics Handbook - Industrial Phosphates, and the estimated U.S. 

population for 2000 (ca. 281,421,906), the estimated per capita ADWD usage was 0.085 kilograms 

per capita per year (kg/p�yr). This use rate was applied to the population served by each of the 

POTWs and privately owned treatment facilities to estimate the ADWD components of the 

phosphorus loads.  

 

Commercial and Institutional Automatic Dishwasher (ADWD) Detergents 

Minnesota Rules 7100.0210 B. requires both residential and commercial ADWD to be less than 11 

percent by weight. Commercial and institutional ADWD are used in restaurants, cafeterias, hotels, 

hospitals and other institutions, etc. These facilities are not considered as part the commercial and 

industrial process wastewater phosphorus contribution discussed in previous paragraphs and were 

accounted for separately from the other commercial and industrial cleaners. To estimate the 

commercial and institutional ADWD component of the influent POTW phosphorus loads, 

information from the SRI report was again used.  Using 2000 data on annual phosphate utilization for 
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commercial and institutional ADWD formulation (12,300 short tons, as phosphorus) from the SRI 

publication Chemical Economics Handbook - Industrial Phosphates, and the estimated U.S. 

population for 2000 (ca. 281,421,906), the estimated per capita commercial and institutional ADWD 

usage was 0.04 kg/p�yr. This per capita use rate was applied to the population served by each of the 

POTWs to estimate the commercial and industrial ADWD components of the phosphorus loads.  To 

provide an accurate account, the per capita use rate was also applied to the population served by each 

privately owned treatment facility.  Because it is unlikely that any commercial or industrial ADWD 

is discharged to a privately owned treatment facility for domestic use, this phosphorus load was then 

assigned to the POTWs. 

 

Other Consumer Products 

The SRI report provides information regarding the phosphorus used in the production of other 

consumer products such as scouring cleaners (Cometfi and Ajaxfi) and home cleaners (Spic & Spanfi 

and Lime Awayfi) and reports that approximately 3,600 kg/yr are consumed in the United States for 

the production of these cleaners. However, the Minnesota ban on phosphorus limits the phosphorus 

content of all household cleaners to 0.5 percent, by weight, according to Minnesota Rule Chapter 

7100.0210.  An informal store-shelf survey verified that these cleaning products state that they 

contain no phosphorus. A call was also made to the manufactures of these products and they verified 

that phosphorus is longer used in the production of these products. Therefore, it was assumed that 

there was no phosphorus contribution from these products and no further discussion of this source is 

provided in this memorandum. 

 

Food Soils/Garbage Disposal Waste  

Several sources were reviewed to determine the phosphorus loading to WWTFs from garbage 

disposals and from food soils (Siegrist, 1976 and Boyle et al, 1982). For the purposes of this report, 

food soils are defined as waste beverages and food washed down the sink and food washed down the 

sink through dish rinsing and dish washing. Although most of the research conducted on phosphorus 

loadings from these sources was conducted in the late 1970�s and 1980�s, it was assumed that the 

phosphorus loading from this source has not changed substantially on a per capita basis over time. 

The most recent value of 0.1895 kg/p�yr was used as the rate applied to the populations served by 

each of the WWTFs to determine the phosphorus loading from this source.  Approximately 
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25 percent of the phosphorus from this source can be attributed to garbage disposal wastes and the 

other 75 percent is from food soils washed down the sink during dish rinsing and dish washing. 

 

Dentifrices 

Dentifrices are substances such as toothpaste and denture cleaners. Data on annual phosphate 

utilization in dentifrices was available from the SRI publication Chemical Economics Handbook - 

Industrial Phosphates. Using 2000 data on phosphate consumed in dentifrices in the U.S. (3,560 short 

tons as phosphorus) and the estimated U.S. population for 2000 (ca. 281,421,906), the estimated per 

capita phosphorus contribution from dentifrices was 0.0115 kg/p�yr. 

 

Industrial and Institutional Cleaners 

Minnesota rules on cleaning agent phosphates limits the phosphorus content of household cleaning 

agents to 0.5 percent phosphorus, by weight. However, commercial and institutional cleaners are not 

covered by this rule, and may use phosphate-based cleaners.  These institutional and industrial 

cleaners are used in dairies, meat processing plants, breweries and so forth. They are also used in 

scouring agents in commercial laundries and in metal and tile cleaners and in sanitizers. Finally, 

cleaning compositions for the exterior of vehicles, particularly trucks and buses, commonly use 

phosphate builders. Data on annual phosphate utilization for industrial and institutional cleaners was 

available from the SRI publication Chemical Economics Handbook - Industrial Phosphates. 

However, further evaluation of this source indicated that most of the facilities discharging industrial 

and commercial cleaners would be accounted for in the industrial and commercial process 

wastewater component. To avoid double counting, this source was not categorized separately.  

 

Car Washes   

An attempt was made to determine the phosphorus loading from car and truck washes. Unfortunately, 

there were no data available to determine either the amount of flow or the number of car washes 

discharging to Minnesota POTWs. In addition, it is becoming common for car washes to recycle or 

reuse wash water. Therefore, no phosphorus load estimate for this source was made in this report.  

 

Inflow and Infiltration 

Measurable effects from inflow and infiltration (I & I) can be seen at WWTFs. The amount of I & I 

entering the sewer system and eventually making its way to the WWTF depends on the age of the 
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sewer system piping, the total length of the sewer system piping and the joint construction of the 

sewer pipes. It was not within the scope of this study to determine the specific I & I loading for each 

WWTF, instead an average infiltration rate was obtained from data provided by MCES. They 

provided average annual I & I flow estimates for their eight wastewater treatment facilities. These 

facilities vary in size and age and were considered to be representative of the systems throughout the 

state. The average I & I rate was approximately 10 percent of the total influent annually for the eight 

Twin Cities Metropolitan Area wastewater treatment facilities operated by MCES. 

The phosphorus concentration in the I & I was estimated from data provided by the MPCA. The 

MPCA provided information on phosphorus concentrations for each of the aquifers underlying the 

state. An average phosphorus concentration of 0.035 mg/L was assumed to be representative of the 

shallow groundwater throughout the state.    

Human Waste 

Human waste-derived phosphorus was separated from the total phosphorus load to each of the 

POTWs and privately owned treatment systems by difference, subtracting all other estimated 

phosphorus contributions from the total phosphorus inflows.  This value was converted to a per 

capita value and was validated by comparing it to literature values for blackwater (ingested human 

waste). Literature values ranged from 1.2 grams of phosphorus per capita per day (g/p�d) (Boyle et 

al., 1982) to 2 g/p�d (Strauss, 2000). 

Results of Phosphorus Loading Computations and Assessments 

This section is divided into two parts. The first part discusses the sources and amounts of phosphorus 

being discharged to the influent to POTWs and privately owned treatment facilities and the second 

part of this section discusses the results of the effluent phosphorus loading to waters of the state from 

POTWs, privately owned treatment facilities and industrial treatment facilities. 

Phosphorus Sources and Amounts to POTWs and Privately Owned Treatment Facilities 

The sources of phosphorus to POTWs and to privately owned treatment facilities were identified and 

quantified by the methods described in the Approach and Methodology section. The total phosphorus 

load discharged to POTWs is presented by basin in Table 2. The total phosphorus discharged into 

POTWs in Minnesota is estimated to be 4,468,000 kg/yr. 
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Although flow to the treatment facilities varied seasonally, the phosphorus load to the POTWs and 

privately owned treatment facilities remained fairly constant through the year.  Therefore, the 

phosphorus contribution to and from the various treatment facilities was assumed to be constant 

throughout the year and at low flow, mean flow, and high flow levels for rivers and streams. 

 

Total        
(kg/yr)

Basin

Cedar River 105,200

Des Moines River 46,200

Lake Superior 227,000

Lower Mississippi River 501,900

Minnesota River 952,200

Missouri River 26,400

Rainy River 20,100

Red River 150,600

St. Croix River 53,500

Upper Mississippi River 2,384,900

Total 4,468,000

Table 2
Total Phosphorus Load Discharged to POTWs

 
 

Figure 2 illustrates the flow weighted mean influent phosphorus concentration discharged into 

POTWs and privately owned treatment facilities for the ten Minnesota watershed basins and the 

state. The flow weighted mean concentration for the state was estimated to be 6.2 mg/L. Metcalf and 

Eddy (1991) have classified wastewater phosphorus concentrations of 4, 8 and 15 mg/L as being 

�weak�, �medium� and �strong�, respectively. Based on this information, it would appear that the 

average influent phosphorus concentration to wastewater treatment facilities in Minnesota is 

relatively weak based on this number. 
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Figure 2
Flow Weighted Mean Influent Phosphorus Concentration to POTWs and Privately Owned 

Treatment Facilities
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As part of this study, the influent phosphorus discharged into POTWs and publicly owned treatment 

facilities was separated into its major constituent sources. The following individual and/or 

categorical sources of phosphorus were evaluated:  

 

• Residential Automatic Dishwashing Detergents 

• Food Soils and Garbage Disposal Wastes 

• Dentifrices  

• Human Wastes  

• Commercial and Industrial Wastewater  

• Commercial Automatic Dishwashing Detergents 

• Water Treatment Supply Chemicals 

• Inflow and Infiltration 

The domestic wastewater influent sources of phosphorus were also categorized for privately owned 

wastewater treatment facilities. These sources included: 

• Residential Automatic Dishwashing Detergents 

• Food Soils and Garbage Disposal Wastes 

• Dentifrices  

• Human Wastes 

• Water Treatment Supply Chemicals 

As discussed previously, phosphorus in other consumer cleaning products was also investigated, but 

it was determined that these products no longer contain phosphorus and no further discussion is 

provided in this memorandum. 

 

The results of this portion of the study are presented in several different ways to provide as much 

information as possible. Note that when the results of the influent sources discharged into the 

POTWs and privately owned treatment facilities are being presented, they are expressed in terms of 

the influent concentration and the fraction of the influent phosphorus load to the POTW or privately 

owned treatment facility. Figures 3A and 3B illustrates the contributions of various phosphorus 

sources to the influent phosphorus loads for the POTWs and privately owned treatment facilities. For 

clarity purposes, the scales on the two figures differ.
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Figure 3A
Influent Phosphorus Loading To POTWs & Privately Owned Treatment Facilities By Basin
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Figure 3B
Influent Phosphorus Loading To POTWs & Privately Owned Treatment Facilities By Basin
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The influent phosphorus load discharged to POTWs and privately owned treatment facilities for each 

basin and the state are presented alphabetically, by basin, interspersed in both tabular (Tables 3 

through 24) and graphical (Figures 4 through 14) formats.  These tables and figures present each 

component of the influent phosphorus load to the POTWs and the privately owned treatment 

facilities as a mass load in kg/yr and as a percent of the total influent phosphorus load to the 

treatment facilities in each basin. 

 

Subtracting the human waste component from the total POTW phosphorus influent yields the 

estimated total non-ingested phosphorus load discharged to POTWs. Table 25 presents the non-

ingested phosphorus load to POTWs for each basin and the state. The total non-ingested phosphorus 

load to POTWs is approximately 2,573,000 kg/yr. Commercial and industrial process wastewater 

represents the largest percentage, approximately 46 percent of that load.   

 

The influent components of the POTW�s and privately owned treatment facility�s phosphorus loads 

are discussed in detail in the following paragraphs. 
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 81,413 77.4%

Residential Automatic Dishwasher 
Detergents 4,176 4.0%

Food Soils / Garbage Disposal 
Waste 9,310 8.8%

Dentifrices 565 0.5%

Human Waste 67,362 64.0%

Commercial & Industrial Process Wastewater 17,982 17.1%

1,951 1.9%

Water Treatment Chemicals 3,827 3.6%

Inflow & Infiltration 67 0.1%

Total 105,241 100.0%

EFFLUENT

Total 56,424 100.0%

Commercial & Institutional Automatic 
Dishwasher Detergent

Table 3
Estimated POTW Point Source Phosphorus Load - Cedar River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 0 0.0%

Residential Automatic Dishwasher 
Detergents 0 0.0%

Food Soils / Garbage Disposal 
Waste 0 0.0%

Dentifrices 0 0.0%

Human Waste 0 0.0%

Water Treatment Chemicals 0 0.0%

Total 0 0.0%

EFFLUENT

Total 0 0.0%

Table 4
Estimated Private WWTP Point Source Phosphorus Load - Cedar River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 35,856 77.6%

Automatic Dishwasher Detergents 2,392 5.2%

Food Soils / Garbage Disposal 
Waste 5,332 11.5%

Dentifrices 324 0.7%

Human Waste 27,809 60.2%

Commercial & Industrial Process Wastewater 6,607 14.3%

1,117 2.4%

Water Treatment Chemicals 2,595 5.6%

Inflow & Infiltration 28 0.1%

Total 46,203 100.0%

EFFLUENT

Total 15,142 100.0%

Commercial & Institutional Automatic 
Dishwasher Detergent

Table 5
Estimated POTW Point Source Phosphorus Load - Des Moines River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 0 0.0%

Residential Automatic Dishwasher 
Detergents 0 0.0%

Food Soils / Garbage Disposal 
Waste 0 0.0%

Dentifrices 0 0.0%

Human Waste 0 0.0%

Water Treatment Chemicals 0 0.0%

Total 0 0.0%

EFFLUENT

Total 0 0.0%

Table 6
Estimated Private WWTP Point Source Phosphorus Load - Des Moines River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 177,353 78.1%

Residential Automatic Dishwasher 
Detergents 15,365 6.8%

Food Soils / Garbage Disposal 
Waste 34,256 15.1%

Dentifrices 2,079 0.9%

Human Waste 125,653 55.4%

Commercial & Industrial Process Wastewater 38,215 16.8%

7,190 3.2%

Water Treatment Chemicals 3,914 1.7%

Inflow & Infiltration 313 0.1%

Total 226,986 100.0%

EFFLUENT

Total 31,774 100.0%

Commercial & Institutional Automatic 
Dishwasher Detergent

Table 7
Estimated POTW Point Source Phosphorus Load - Lake Superior Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 542 100.0%

Residential Automatic Dishwasher 
Detergents 31 5.7%

Food Soils / Garbage Disposal 
Waste 69 12.7%

Dentifrices 4 0.8%

Human Waste 438 80.8%

Water Treatment Chemicals 0 0.0%

Total 542 100.0%

EFFLUENT

Total 39 100.0%

Table 8
Estimated Private WWTP Point Source Phosphorus Load - Lake Superior Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 339,782 67.7%

Residential Automatic Dishwasher 
Detergents 32,050 6.4%

Food Soils / Garbage Disposal 
Waste 71,452 14.2%

Dentifrices 4,336 0.9%

Human Waste 231,943 46.2%

Commercial & Industrial Process Wastewater 132,867 26.5%

14,993 3.0%

Water Treatment Chemicals 13,940 2.8%

Inflow & Infiltration 321 0.1%

Total 501,903 100.0%

EFFLUENT

Total 183,974 100.0%

Commercial & Institutional Automatic 
Dishwasher Detergent

Table 9
Estimated POTW Point Source Phosphorus Load - Lower Mississippi River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 779 99.2%

Residential Automatic Dishwasher 
Detergents 85 10.8%

Food Soils / Garbage Disposal 
Waste 197 25.1%

Dentifrices 12 1.5%

Human Waste 485 61.8%

Water Treatment Chemicals 6 0.8%

Total 785 100.0%

EFFLUENT

Total 269 100.0%

Table 10
Estimated Private WWTP Point Source Phosphorus Load - Lower Mississippi River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 557,358 58.5%

Residential Automatic Dishwasher 
Detergents 63,090 6.6%

Food Soils / Garbage Disposal 
Waste 140,653 14.8%

Dentifrices 8,536 0.9%

Human Waste 345,080 36.2%

Commercial & Industrial Process Wastewater 333,212 35.0%

29,498 3.1%

Water Treatment Chemicals 31,481 3.3%

Inflow & Infiltration 612 0.1%

Total 952,161 100.0%

EFFLUENT

Total 237,842 100.0%

Commercial & Institutional Automatic 
Dishwasher Detergent

Table 11
Estimated POTW Point Source Phosphorus Load - Minnesota River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 1,469 98.9%

Residential Automatic Dishwasher 
Detergents 65 4.4%

Food Soils / Garbage Disposal 
Waste 115 7.7%

Dentifrices 9 0.6%

Human Waste 1,280 86.2%

Water Treatment Chemicals 16 1.1%

Total 1,485 100.0%

EFFLUENT

Total 840 100.0%

Table 12
Estimated Private WWTP Point Source Phosphorus Load - Minnesota River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 17,272 65.3%

Residential Automatic Dishwasher 
Detergents 1,447 5.5%

Food Soils / Garbage Disposal 
Waste 3,211 12.1%

Dentifrices 196 0.7%

Human Waste 12,419 47.0%

Commercial & Industrial Process Wastewater 7,475 28.3%

679 2.6%

Water Treatment Chemicals 1,003 3.8%

Inflow & Infiltration 17 0.1%

Total 26,445 100.0%

EFFLUENT

Total 12,359 100.0%

Commercial & Institutional Automatic 
Dishwasher Detergent

Table 13
Estimated POTW Point Source Phosphorus Load - Missouri River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 74 100.0%

Residential Automatic Dishwasher 
Detergents 6 8.0%

Food Soils / Garbage Disposal 
Waste 13 17.8%

Dentifrices 1 1.1%

Human Waste 54 73.1%

Water Treatment Chemicals 0 0.0%

Total 74 100.0%

EFFLUENT

Total 17 100.0%

Table 14
Estimated Private WWTP Point Source Phosphorus Load - Missouri River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 17,677 88.1%

Residential Automatic Dishwasher 
Detergents 1,257 6.3%

Food Soils / Garbage Disposal 
Waste 2,480 12.4%

Dentifrices 170 0.8%

Human Waste 13,770 68.7%

Commercial & Industrial Process Wastewater 1,043 5.2%

587 2.9%

Water Treatment Chemicals 729 3.6%

Inflow & Infiltration 18 0.1%

Total 20,054 100.0%

EFFLUENT

Total 4,073 100.0%

Commercial & Institutional Automatic 
Dishwasher Detergent

Table 15
Estimated POTW Point Source Phosphorus Load - Rainy River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 29 100.0%

Residential Automatic Dishwasher 
Detergents 0 0.0%

Food Soils / Garbage Disposal 
Waste 0 0.0%

Dentifrices 0 0.0%

Human Waste 29 100.0%

Water Treatment Chemicals 0 0.0%

Total 29 100.0%

EFFLUENT

Total 6 100.0%

Table 16
Estimated Private WWTP Point Source Phosphorus Load - Rainy River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 109,433 72.7%

Residential Automatic Dishwasher 
Detergents 11,181 7.4%

Food Soils / Garbage Disposal 
Waste 24,928 16.6%

Dentifrices 1,513 1.0%

Human Waste 71,810 47.7%

Commercial & Industrial Process Wastewater 28,026 18.6%

5,222 3.5%

Water Treatment Chemicals 7,801 5.2%

Inflow & Infiltration 116 0.1%

Total 150,597 100.0%

EFFLUENT

Total 64,309 100.0%

Commercial & Institutional Automatic 
Dishwasher Detergent

Table 17
Estimated POTW Point Source Phosphorus Load - Red River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 33 100.0%

Residential Automatic Dishwasher 
Detergents 0 0.0%

Food Soils / Garbage Disposal 
Waste 26 79.4%

Dentifrices 2 4.8%

Human Waste 5 15.7%

Water Treatment Chemicals 0 0.0%

Total 33 100.0%

EFFLUENT

Total 33 100.0%

Table 18
Estimated Private WWTP Point Source Phosphorus Load - Red River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 39,494 73.8%

Residential Automatic Dishwasher 
Detergents 4,292 8.0%

Food Soils / Garbage Disposal 
Waste 9,570 17.9%

Dentifrices 581 1.1%

Human Waste 25,051 46.8%

Commercial & Industrial Process Wastewater 8,834 16.5%

2,008 3.8%

Water Treatment Chemicals 3,115 5.8%

Inflow & Infiltration 47 0.1%

Total 53,498 100.0%

EFFLUENT

Total 20,438 100.0%

Commercial & Institutional Automatic 
Dishwasher Detergent

Table 19
Estimated POTW Point Source Phosphorus Load - St. Croix River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 793 100.0%

Residential Automatic Dishwasher 
Detergents 181 22.8%

Food Soils / Garbage Disposal 
Waste 403 50.8%

Dentifrices 24 3.1%

Human Waste 185 23.3%

Water Treatment Chemicals 0 0.0%

Total 793 100.0%

EFFLUENT

Total 297 100.0%

Table 20
Estimated Private WWTP Point Source Phosphorus Load - St. Croix River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 1,610,756 67.5%

Residential Automatic Dishwasher 
Detergents 189,181 7.9%

Food Soils / Garbage Disposal 
Waste 421,682 17.7%

Dentifrices 25,595 1.1%

Human Waste 974,298 40.9%

Commercial & Industrial Process Wastewater 611,967 25.7%

88,571 3.7%

Water Treatment Chemicals 71,783 3.0%

Inflow & Infiltration 1,794 0.1%

Total 2,384,871 100.0%

EFFLUENT

Total 1,109,534 100.0%

Commercial & Institutional Automatic 
Dishwasher Detergent

Table 21
Estimated POTW Point Source Phosphorus Load - Upper Mississippi River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 4,086 96.0%

Residential Automatic Dishwasher 
Detergents 487 11.4%

Food Soils / Garbage Disposal 
Waste 1,196 28.1%

Dentifrices 66 1.5%

Human Waste 2,338 54.9%

Water Treatment Chemicals 171 4.0%

Total 4,257 100.0%

EFFLUENT

Total 1,955 100.0%

Table 22
Estimated Private WWTP Point Source Phosphorus Load - Upper Mississippi River Basin
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 2,986,392 66.8%

Residential Automatic Dishwasher 
Detergents 324,431 7.3%

Food Soils / Garbage Disposal 
Waste 722,873 16.2%

Dentifrices 43,894 1.0%

Human Waste 1,895,195 42.4%

Commercial & Industrial Process Wastewater 1,186,229 26.5%

151,815 3.4%

Water Treatment Chemicals 140,188 3.1%

Inflow & Infiltration 3,333 0.1%

Total 4,467,958 100.0%

EFFLUENT

Total 1,735,869 100.0%

Commercial & Institutional Automatic 
Dishwasher Detergent

Table 23
Estimated POTW Point Source Phosphorus Load - State of Minnesota
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Phosphorus 
Load     

(kg/yr) % of Total
INFLUENT

Domestic Wastewater 7,804 97.6%

Residential Automatic Dishwasher 
Detergents 855 10.7%

Food Soils / Garbage Disposal 
Waste 2,019 25.2%

Dentifrices 118 1.5%

Human Waste 4,813 60.2%

Water Treatment Chemicals 193 2.4%

Total 7,997 100.0%

EFFLUENT

Total 3,456 100.0%

Table 24
Estimated Private WWTP Point Source Phosphorus Load - State of Minnesota
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Residential 
ADWD 
(kg/yr)

Food Soils / 
Garbage 
Disposal 

Waste 
(kg/yr)

Dentifrices 
(kg/yr)

Commercial 
and 

Industrial 
Process 

Wastewater 
(kg/yr)

Commercial 
and 

Institutional 
ADWD 
(kg/yr)

Water 
Treatment 
Chemicals 

(kg/yr)

Inflow and 
Infiltration 

(kg/yr)
Total        

(kg/yr)
Basin

Cedar River 4,200 9,300 600 18,000 2,000 3,800 70 38,000

Des Moines River 2,400 5,300 300 6,600 1,100 2,600 30 18,300

Lake Superior 15,400 34,300 2,100 38,200 7,200 3,900 310 101,400

Lower Mississippi River 32,000 71,452 4,300 132,900 15,000 13,900 320 269,900

Minnesota River 63,100 140,700 8,500 333,200 29,500 31,500 610 607,100

Missouri River 1,400 3,200 200 7,500 700 1,000 20 14,000

Rainy River 1,300 2,500 200 1,000 600 700 20 6,300

Red River 11,200 24,900 1,500 28,000 5,200 7,800 120 78,700

St. Croix River 4,300 9,600 600 8,800 2,000 3,100 50 28,500

Upper Mississippi River 189,200 421,700 25,600 612,000 88,600 71,800 1,790 1,410,700

Total 324,500 723,000 43,900 1,186,200 151,900 140,100 3,300 2,572,900

12.6% 28.1% 1.7% 46.1% 5.9% 5.4% 0.1%

Table 25

Percent of Non-Ingested 
Phosphorus Load to POTWs

Non-ingested Phosphorus Sources to POTWs
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Figure 4
Cedar River Basin POTW Estimated  Influent Phosphorus Load

Human Waste,                                                               
(67,362 kg/yr, 63%)

Food Soils / Garbage 
Disposal Waste, (9,310 kg/yr, 

9%)

Dentifrices, (565 kg/yr, 1%)

Residential Automatic 
Dishwasher Detergents, 

(4,176 kg/yr, 4%)

Inflow & Infiltration,                                              
(67 kg/yr, 0%)

Commercial & Industrial 
Process Wastewater,                       
(17,982 kg/yr, 17%)

Commercial & Institutional 
Automatic Dishwasher 

Detergent, (1,951 kg/yr, 2%)

Water Treatment Chemicals, 
(3,827 kg/yr, 4%)
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Figure 5
Des Moines River Basin POTW Estimated Influent Phosphorus Load

Human Waste,                                                   
(27,809 kg/yr, 60%)

Dentifrices, (324 kg/yr, 1%)

Food Soils / Garbage 
Disposal Waste,                                                     

(5,332 kg/yr, 12%)

Residential Automatic 
Dishwasher Detergents,                                                               

(2,392 kg/yr, 5%)

Inflow & Infiltration,                                                       
(28 kg/yr, 0%)

Commercial & Institutional 
Automatic Dishwasher 

Detergent, (1,117 kg/yr, 2%)

Commercial & Industrial 
Process Wastewater,                                                       

(6,607 kg/yr, 14%)

Water Treatment Chemicals,                                                
(2,595 kg/yr, 6%)
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Figure 6
Lake Superior Basin POTW Estimated Influent Phosphorus Load

Human Waste,                                               
(125,653 kg/yr, 55%)

Dentifrices,                                                   
(2,079 kg/yr, 1%)

Food Soils / Garbage 
Disposal Waste,                                           

(34,256 kg/yr, 15%)

Residential Automatic 
Dishwasher Detergents,                                               

(15,365 kg/yr, 7%)

Inflow & Infiltration,                                                 
(313 kg/yr, 0%)

Commercial & Industrial 
Process Wastewater,                        
(38,215 kg/yr, 17%)

Commercial & Institutional 
Automatic Dishwasher 

Detergent, (7,190 kg/yr, 3%)

Water Treatment Chemicals,                                               
(3,914 kg/yr, 2%)
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Figure 7
Lower Mississippi River Basin POTW Estimated Influent Phosphorus Load

Human Waste,                                                       
(231,943 kg/yr, 47%)

Dentifrices,                                                 
(4,336 kg/yr, 1%)

Food Soils / Garbage 
Disposal Waste,                                                      

(71,452 kg/yr, 14%)

Residential Automatic 
Dishwasher Detergents,                                                            

(32,050 kg/yr, 6%)

Inflow & Infiltration,                                                    
(321 kg/yr, 0%)

Commercial & Institutional 
Automatic Dishwasher 

Detergent,                                                               
(14,993 kg/yr, 3%)

Water Treatment Chemicals,                                                     
(13,940 kg/yr, 3%)

Commercial & Industrial 
Process Wastewater, 
(132,867 kg/yr, 26%)
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Figure 8
Minnesota River Basin POTW Estimated Influent Phosphorus Load

Human Waste,                                                     
(345,080 kg/yr, 36%)

Dentifrices,                                                           
(8,536 kg/yr, 1%)

Food Soils / Garbage 
Disposal Waste,                                                       

(140,653 kg/yr, 15%)

Residential Automatic 
Dishwasher Detergents,                                                            

(63,090 kg/yr, 7%)

Inflow & Infiltration,                                                                
(612 kg/yr, 0%)

Commercial & Institutional 
Automatic Dishwasher 

Detergent,                                                    
(29,498 kg/yr, 3%)

Water Treatment Chemicals,                                                    
(31,481 kg/yr, 3%)

Commercial & Industrial 
Process Wastewater, 
(333,212 kg/yr, 35%)
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Figure 9
Missouri River Basin POTW Estimated Influent Phosphorus Load

Human Waste,                                           
(12,419 kg/yr, 47%)

Dentifrices, (196 kg/yr, 1%)

Food Soils / Garbage 
Disposal Waste,                                                     

(3,211 kg/yr, 12%)

Residential Automatic 
Dishwasher Detergents,                                                        

(1,447 kg/yr, 5%)

Inflow & Infiltration,                                            
(17 kg/yr, 0%)

Water Treatment Chemicals,                                                  
(1,003 kg/yr, 4%)

Commercial & Institutional 
Automatic Dishwasher 

Detergent, (679 kg/yr, 3%)

Commercial & Industrial 
Process Wastewater,                       

(7,475 kg/yr, 28%)
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Figure 10
Rainy River Basin POTW Estimated Influent Phosphorus Load

Dentifrices, (170 kg/yr, 1%)

Food Soils / Garbage 
Disposal Waste,                                                     

(2,480 kg/yr, 12%)

Residential Automatic 
Dishwasher Detergents,                                                    

(1,257 kg/yr, 6%)

Inflow & Infiltration,                                             
(18 kg/yr, 0%)

Commercial & Institutional 
Automatic Dishwasher 

Detergent, (587 kg/yr, 3%)

Water Treatment Chemicals, 
(729 kg/yr, 4%)

Commercial & Industrial 
Process Wastewater,                   

(1,043 kg/yr, 5%)

Human Waste,                                             
(13,770 kg/yr, 69%)
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Figure 11
Red River Basin POTW Estimated Influent Phosphorus Load

Human Waste,                                                            
(71,810 kg/yr, 48%)

Dentifrices,                                                 
(1,513 kg/yr, 1%)

Food Soils / Garbage 
Disposal Waste,                                              

(24,928 kg/yr, 17%)

Residential Automatic 
Dishwasher Detergents,                                                  

(11,181 kg/yr, 7%)

Inflow & Infiltration,                                                   
(116 kg/yr, 0%)

Commercial & Industrial 
Process Wastewater,                  
(28,026 kg/yr, 19%)

Commercial & Institutional 
Automatic Dishwasher 

Detergent, (5,222 kg/yr, 3%)

Water Treatment Chemicals,                                                  
(7,801 kg/yr, 5%)
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Figure 13
Upper Mississippi River Basin POTW Estimated Influent Phosphorus Load

Residential Automatic 
Dishwasher Detergents,                                                        

(189,181 kg/yr, 8%)

Inflow & Infiltration,                                              
(1,794 kg/yr, 0%)

Food Soils / Garbage 
Disposal Waste,                                                   

(421,682 kg/yr, 18%)

Dentifrices,                                                        
(25,595 kg/yr, 1%)

Human Waste,                                                  
(974,298 kg/yr, 40%)

Commercial & Industrial 
Process Wastewater, 
(611,967 kg/yr, 26%)

Commercial & Institutional 
Automatic Dishwasher 

Detergent,                                                        
(88,571 kg/yr, 4%)

Water Treatment Chemicals,                                        
(71,783 kg/yr, 3%)
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Figure 14
State of Minnesota POTW Estimated Influent Phosphorus Load

Human Waste,                                               
(1,895,195 kg/yr, 43%)

Dentifrices,                                                           
(43,894 kg/yr, 1%)

Food Soils / Garbage 
Disposal Waste,                                                       

(722,873 kg/yr, 16%)

Residential Automatic 
Dishwasher Detergents,                                                          

(324,431 kg/yr, 7%)

Inflow & Infiltration,                                                  
(3,333 kg/yr, 0%)

Commercial & Industrial 
Process Wastewater, 

(1,186,229 kg/yr, 27%)

Commercial & Institutional 
Automatic Dishwasher 

Detergent,                                                        
(151,815 kg/yr, 3%)

Water Treatment Chemicals,                                              
(140,188 kg/yr, 3%)
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Residential Automatic Dishwasher Detergents (ADWD)  

The per capita use information suggests that the residential use of ADWD contributes a moderate 

amount of phosphorus discharged to wastewater for treatment. For the Minnesota watershed basins, 

these amounts range from 4.0 percent to 8.2 percent and averaged 7.3 percent statewide of influent 

phosphorus totals (see Table 26), discharging into POTWs and privately owned treatment facilities.  

 

Influent 
Phosphorus 

Load     
(kg/yr)

Influent 
Phosphorus 

Load                                            
(% of Total)

Basin

Cedar River 4,200 4.0%

Des Moines River 2,400 5.2%

Lake Superior 15,400 6.8%

Lower Mississippi River 32,100 6.4%

Minnesota River 63,200 6.6%

Missouri River 1,500 5.5%

Rainy River 1,300 6.3%

Red River 11,200 7.4%

St. Croix River 4,500 8.2%

Upper Mississippi River 189,700 7.9%

State Total 325,500 7.3%

Table 26
Estimated Influent Phosphorus Load from Residential Automatic Dishwasher

Detergents to POTWs and Privately Owned Treatment Works by Basin

 
 

The use of phosphates in the residential ADWD market declined about seven percent between 1993 

and 2000 (SRI, 2002). Nonphosphate ADWD formulations are being developed and this market 

segment is projected to continue to decline marginally. The trend toward the use of tablets, with a 

slightly lower phosphate content, is also a factor in the decline. 

 

Food Soils/Garbage Disposal Waste 

The information obtained regarding food soils and garbage disposal wastes suggests that this source 

contributes a moderate amount of phosphorus to untreated wastewater. For the ten Minnesota 
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watershed basins, these amounts range from 8.8 percent to 18.4 percent and averages 

approximately16 percent statewide of influent phosphorus totals (see Table 27). The total phosphorus 

load to POTWs and privately owned treatment facilities from food soils and garbage disposal wastes 

was estimated to be approximately 725,000 kg/yr. 

 

Table 27 
Estimated Influent Phosphorus Load from Food Soils and Garbage 

Disposal Wastes to POTWs and Privately Owned Treatment Works by 
Basin 

          

  

Influent 
Phosphorus 

Load     (kg/yr)   

Influent 
Phosphorus Load                            

(% of Total) 
Basin     
     
Cedar River  9,300  8.8% 
     
Des Moines River  5,300  11.5% 
     
Lake Superior  34,300  15.1% 
     
Lower Mississippi River  71,600  14.3% 
     
Minnesota River  140,800  14.8% 
     
Missouri River  3,200  12.2% 
     
Rainy River  2,500  12.3% 
     
Red River  25,000  16.6% 
     
St. Croix River  10,000  18.4% 
     
Upper Mississippi River   422,900   17.7% 
     
State Total  724,900  16.2% 
          

 

 

Dentifrices 

Dentifrices contribute a relatively small amount of phosphorus to the influent wastewater stream to 

wastewater treatment plants for each of the watershed basins. These amounts range from 0.5 percent 

to 1.1 percent (1.0 percent statewide average) of the total influent phosphorus discharged into 



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: 69 

 

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

POTWs and privately owned treatment facilities (see Table 28). This is a relatively minor source of 

phosphorus to POTWs. 

 

Influent 
Phosphorus 

Load     
(kg/yr)

Influent 
Phosphorus 

Load                            
(% of Total)

Basin

Cedar River 600 0.5%

Des Moines River 300 0.7%

Lake Superior 2,100 0.9%

Lower Mississippi River 4,300 0.9%

Minnesota River 8,500 0.9%

Missouri River 200 0.7%

Rainy River 200 0.8%

Red River 1,500 1.0%

St. Croix River 600 1.1%

Upper Mississippi River 25,700 1.1%

State Total 44,000 1.0%

Table 28
Estimated Influent Phosphorus Load from Dentifrices

to POTWs and Privately Owned Treatment Works by Basin
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Human Wastes 

The human waste component of the influent phosphorus loading to POTWs and privately owned 

treatment facilities is the single largest influent source in all ten watershed basins. Only in the 

Minnesota River basin does the phosphorus contribution from the commercial/industrial process 

wastewater component approach that of the human waste component.  The human waste component 

comprises between approximately 36 percent and 69 percent on a basin basis and averages 

approximately 42 percent statewide of the total influent phosphorus loading (see Table 29). The one 

market segment of phosphorus use that has reported an increase is the food and beverage market. The 

increase is due to an increased use of phosphorus in food manufacturing and preparation (SRI, 2002). 

One of the increases has been in the meat, poultry and seafood segment, followed by baking 

products. Sodium tripolyphosphate (STPP) is the main phosphate product in this market. Its use has 

expanded significantly because of increased deli-type packaged poultry and meat sales as well as a 

significant growth in marinated and rotisserie chicken. Another increase in the consumption of 

phosphorus is due to the increased consumption of colas. Colas contain phosphoric acid that is used 

to give them a tart taste and as a preservative. 

Influent 
Phosphorus 

Load     
(kg/yr)

Influent 
Phosphorus 

Load                                
(% of Total)

Average Human 
Waste 

Phosphorus 
Content               
(g/p•d)

Basin

Cedar River 67,400 64.0% 3.98

Des Moines River 27,800 60.2% 1.45

Lake Superior 126,100 55.4% 2.19

Lower Mississippi River 232,400 46.2% 1.75

Minnesota River 346,400 36.3% 1.45

Missouri River 12,500 47.0% 2.21

Rainy River 13,800 68.7% 2.61

Red River 71,800 47.7% 1.71

St. Croix River 25,200 46.5% 1.52

Upper Mississippi River 976,600 40.9% 1.29

State Total 1,900,000 42.4% 1.53

Table 29
Estimated Influent Phosphorus Load from Human Waste

to POTWs and Privately Owned Treatment Works by Basin
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Commercial and Industrial Process Wastewater 

Next to human wastes, a variety of industrial and commercial dischargers contribute the most 

phosphorus to POTW influent wastewater. These commercial and industrial dischargers comprised 

between approximately 5 percent and 35 percent on a basin basis and approximately 27 percent 

statewide of the total phosphorus loads entering the POTWs (see Table 30). The POTWs in the 

Minnesota River basin receive an average of 35 percent of the influent phosphorus load from 

commercial and industrial process wastewater sources. This is the only basin in which the 

commercial and industrial process wastewater contribution approaches the human waste contribution. 

This basin appears to be receiving effluent from several communities that have a significant 

commercial and industrial base. The majority of the commercial and industrial phosphorus sources in 

this basin are from food processing facilities.   

 

Influent 
Phosphorus 

Load     
(kg/yr)

Influent 
Phosphorus 

Load                            
(% of Total)

Basin

Cedar River 18,000 17.1%

Des Moines River 6,600 14.3%

Lake Superior 38,200 16.8%

Lower Mississippi River 132,900 26.4%

Minnesota River 333,200 34.9%

Missouri River 7,500 28.2%

Rainy River 1,000 5.2%

Red River 28,000 18.6%

St. Croix River 8,800 16.3%

Upper Mississippi River 612,000 25.6%

State Total 1,186,200 26.5%

Table 30
Estimated Influent Phosphorus Load from Commercial and Industrial

Dischargers to POTWs by Basin
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Although it was not in the scope of this study to provide a detailed breakdown or discussion of the 

various industries that discharge phosphorus to POTWs, the major industrial/commercial process 

wastewater phosphorus contributors were identified. The commercial and industrial process 

wastewater dischargers were grouped by four digit NAICS code and presented graphically (see 

Figures 15 through 25) for each of the watershed basins. These figures present each industry 

(grouped by four digit NAICS code number) whose phosphorus contribution exceeded one percent of 

the total industrial/commercial process wastewater phosphorus load discharged to POTWs. See 

Appendices B, C and E for a listing of the various industries listed under each NAICS code number. 

The industries that contributed less than one percent of the industrial/commercial process wastewater 

phosphorus load were grouped together and presented as �Other�.  This information suggests that 

food product processing is the largest contributor of phosphorus to untreated wastewater discharged 

to POTWs. Animal slaughtering and processing (NAICS #3116) was the largest phosphorus 

contributor, estimated to discharge168,000 kg/yr. Fruit and vegetable preserving and specialty food 

manufacturing (NAICS #3114)  contributed 132,000 kg/yr, followed by grain and oilseed 

manufacturing (NAICS #3112) and dairy product manufacturing (NAICS # 3115) at 127,000 kg/L 

and 45,000 kg/L respectively. 
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Figure 15
Estimated Phosphorus Load to POTWs from Industrial & Commercial Process Wastewater to 

Cedar River Basin (by 4 Digit NAICS Code)

Animal Slaughtering and 
Processing, 3116,                                 
15,000 kg/yr, 82%

Offices of Physicians, 6211, 
350 kg/yr, 2%

General Medical and Surgical 
Hospitals, 6221, 270 kg/yr, 

2% Other, 320 kg/yr, 2%

Fruit and Vegetable 
Preserving and Specialty 

Food Manufacturing, 3114, 
1,950 kg/yr, 11%Scientific Research and 

Development Services, 5417, 
103 kg/yr, 1%
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Figure 16
Estimated Phosphorus Load to POTWs from Industrial & Commercial Process Wastewater to    

Des Moines River Basin (by 4 Digit NAICS Code)

Animal Slaughtering and 
Processing, 3116,                                    
3,720 kg/yr, 57%

Motor Vehicle Body and 
Trailer Manufacturing, 3362, 

1,270 kg/yr, 19%

General Freight Trucking, 
4841, 1,320 kg/yr, 20%

Other, 290 kg/yr, 4%
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Figure 17
Estimated Phosphorus Load to POTWs from Industrial & Commercial to Lake Superior River 

Basin (by 4 Digit NAICS Code)

Rail Transportation, 4821,                              
290 kg/yr, 1%

Other, 4 kg/yr, 0%

General Freight Trucking, 
4841, 4,250 kg/yr, 11%

Executive, Legislative, and 
Other General Government 
Support, 9211, 3,030 kg/yr, 

8%

General Medical and Surgical 
Hospitals, 6221, 780 kg/yr, 

2%

Offices of Physicians, 6211, 
2,290 kg/yr, 6%

Scientific Research and 
Development Services, 5417, 

27,570 kg/yr, 72%

 



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: 76 

 

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

Figure 18
Estimated Phosphorus Load to POTWs from Industrial & Commercial Process Wastewater to 

Lower Mississippi River Basin (by 4 Digit NAICS Code)

Grain and Oilseed Milling, 
3112, 15,500 kg/yr, 12%

Fruit and Vegetable 
Preserving and Specialty 

Food Manufacturing, 3114, 
13,620 kg/yr, 10%

Dairy Product Manufacturing, 
3115, 46,580 kg/yr, 35%

Animal Slaughtering and 
Processing, 3116,                                   
14,620 kg/yr, 11%

Other Food Manufacturing, 
3119, 4,230 kg/yr, 3%

Motor Vehicle Body and 
Trailer Manufacturing, 3362, 

18,610 kg/yr, 14%

General Medical and Surgical 
Hospitals, 6221, 7,050 kg/yr, 

5%

Other, 12,640 kg/yr, 10%
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Figure 19
Estimated Phosphorus Load to POTWs from Industrial & Commercial Process Wastewater to 

Minnesota River Basin (by 4 Digit NAICS Code)

Beverage Manufacturing, 
3121, 27,320 kg/yr, 8%

Soap, Cleaning Compound, 
and Toilet Preparation 
Manufacturing, 3256,                                         

15,860 kg/yr, 5%

Semiconductor and Other 
Electronic Component 
Manufacturing, 3344,                                   

19,700 kg/yr, 6%

General Freight Trucking, 
4841, 13,880 kg/yr, 4%

Scientific Research and 
Development Services, 5417, 

12,220 kg/yr, 4%

Animal Slaughtering and 
Processing, 3116,                                   
46,040 kg/yr, 14%

Dairy Product Manufacturing, 
3115, 26,130 kg/yr, 8%

Fruit and Vegetable 
Preserving and Specialty 

Food Manufacturing, 3114, 
13,700 kg/yr, 4%

Grain and Oilseed Milling, 
3112, 97,870 kg/yr, 29%

Other, 60,490 kg/yr, 18%

 



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: 78 

 

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

Figure 20
Estimated Phosphorus Load to POTWs from Industrial & Commercial Process Wastewater to 

Missouri River Basin (by 4 Digit NAICS Code)

Animal Slaughtering and 
Processing, 3116,                                           
3,232 kg/yr, 64%

Beverage Manufacturing, 
3121, 1,460 kg/yr, 29%

General Medical and Surgical 
Hospitals, 6221, 100 kg/yr, 

2%

Executive, Legislative, and 
Other General Government 
Support, 9211, 40 kg/yr, 1%

General Freight Trucking, 
4841, 80 kg/yr, 2%

Other, 80 kg/yr, 2%
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Figure 21
Estimated Phosphorus Load to POTWs from Industrial & Commercial Process Wastewater to 

Rainy River Basin (by 4 Digit NAICS Code)

Executive, Legislative, and 
Other General Government 
Support, 9211, 80 kg/yr, 8%

Other, 94 kg/yr, 9%

General Medical and Surgical 
Hospitals, 6221, 210 kg/yr, 

20%

Colleges, Universities, and 
Professional Schools, 6113, 

230 kg/yr, 22%

Household and Institutional 
Furniture and Kitchen Cabinet 

Manufacturing, 3371,                                            
150 kg/yr, 14%

Pulp, Paper, and Paperboard 
Mills, 3221, 110 kg/yr, 11%

Beverage Manufacturing, 
3121, 170 kg/yr, 16%
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Figure 22
Estimated Phosphorus Load to POTWs from Industrial & Commercial Process Wastewater to 

Red River Basin (by 4 Digit NAICS Code)

Sugar and Confectionery 
Product Manufacturing, 3113, 

1,170 kg/yr, 4%

Dairy Product Manufacturing, 
3115, 2,730 kg/yr, 10%

General Freight Trucking, 
4841, 1,100 kg/yr, 4%

Scientific Research and 
Development Services, 5417, 

1,100 kg/yr, 4%

Colleges, Universities, and 
Professional Schools, 6113, 

1,590 kg/yr, 6%

Executive, Legislative, and 
Other General Government 
Support, 9211, 1,230 kg/yr, 

5%

Other, 3,220 kg/yr, 12%

Animal Slaughtering and 
Processing, 3116,                                                     
4,180 kg/yr, 15%

Other Food Manufacturing, 
3119, 2,760 kg/yr, 10%

Other Fabricated Metal 
Product Manufacturing, 3329, 

1,840 kg/yr, 7%

Farm Product Raw Material 
Merchant Wholesalers, 4245, 

6,330 kg/yr, 23%
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Figure 23
Estimated Phosphorus Load to POTWs from Industrial & Commercial Process Wastewater to 

St. Croix River Basin (by 4 Digit NAICS Code)

Resin, Synthetic Rubber, and 
Artificial Synthetic Fibers and 

Filaments Manufacturing, 
3252, 400 kg/yr, 5%

Medical Equipment and 
Supplies Manufacturing, 

3391, 400 kg/yr, 5%

Scientific Research and 
Development Services, 5417, 

480 kg/yr, 5%

Fruit and Vegetable 
Preserving and Specialty 

Food Manufacturing, 3114, 
510 kg/yr, 6%

Other, 640 kg/yr, 7%

Beverage Manufacturing, 
3121, 1,230 kg/yr, 14%

Other Wood Product 
Manufacturing, 3219,                                              

1,370 kg/yr, 15%

General Medical and Surgical 
Hospitals, 6221, 440 kg/yr, 

5%

Executive, Legislative, and 
Other General Government 

Support, 9211, 650 kg/yr, 7%

Justice, Public Order, and 
Safety Activities, 9221,                      

2,730 kg/yr, 31%
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Figure 24
Estimated Phosphorus Load to POTWs from Industrial & Commercial Process Wastewater to 

Upper Mississippi River Basin (by 4 Digit NAICS Code)

Other, 261,760 kg/yr, 43%

Coating, Engraving, Heat 
Treating, and Allied Activities, 

3328, 28,630 kg/yr, 5%

Other Fabricated Metal 
Product Manufacturing, 3329, 

19,010 kg/yr, 3%

Seafood Product Preparation 
and Packaging, 3117,                                       

13,910 kg/yr, 2%

Animal Slaughtering and 
Processing, 3116,                                                    
56,830 kg/yr, 9%

Dairy Product Manufacturing, 
3115, 44,310 kg/yr, 7%

Fruit and Vegetable 
Preserving and Specialty 

Food Manufacturing, 3114, 
102,110 kg/yr, 17%

Medical Equipment and 
Supplies Manufacturing, 
3391, 15,360 kg/yr, 3%

Specialty Food Stores, 4452, 
14,560 kg/yr, 2%

General Freight Trucking, 
4841, 16,310 kg/yr, 3%

Executive, Legislative, and 
Other General Government 
Support, 9211, 14,470 kg/yr, 

2%

General Medical and Surgical 
Hospitals, 6221, 24,700 kg/yr, 

4%
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Figure 25
Estimated Phosphorus Load to POTWs from Industrial & Commercial Process Wastewater to 

State of Minnesota (by 4 Digit NAICS Code)
Animal Slaughtering and 

Processing, 3116,                                                           
168,288 kg/yr, 15%

Fruit and Vegetable 
Preserving and Specialty 

Food Manufacturing, 3114, 
132,144 kg/yr, 12%

Grain and Oilseed Milling, 
3112, 126,823 kg/yr, 11%

Dairy Product Manufacturing, 
3115, 119,748 kg/yr, 11%

General Freight Trucking, 
4841, 37,619 kg/yr, 3%

General Medical and Surgical 
Hospitals, 6221, 37,258 kg/yr, 

3%

Beverage Manufacturing, 
3121, 42,960 kg/yr, 4%

Scientific Research and 
Development Services, 5417, 

44,461 kg/yr, 4%

Coating, Engraving, Heat 
Treating, and Allied Activities, 

3328, 33,084 kg/yr, 3%

Other, 375,851 kg/yr, 34%
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Commercial and Institutional Automatic Dishwasher Detergents (ADWD)  

The per capita use information indicates that the commercial and institutional use of ADWD 

contributes a relatively small amount of phosphorus to untreated wastewater. For the ten Minnesota 

watershed basins, these amounts ranged from 1.9 percent to 3.7 percent on a basin basis and 3.4 

percent statewide of the total influent phosphorus (see Table 31). 

 

Influent 
Phosphorus 

Load     
(kg/yr)

Influent 
Phosphorus 

Load             
(% of Total)

Basin

Cedar River 2,000 1.9%

Des Moines River 1,100 2.4%

Lake Superior 7,200 3.2%

Lower Mississippi River 15,000 3.0%

Minnesota River 29,500 3.1%

Missouri River 700 2.6%

Rainy River 600 2.9%

Red River 5,200 3.5%

St. Croix River 2,000 3.7%

Upper Mississippi River 88,600 3.7%

State Total 151,900 3.4%

Table 31
Estimated Influent Phosphorus Load from Commercial & Institutional

Automatic Dishwasher Detergent to POTWs by Basin

 
 

No specific information regarding trends in the commercial and institutional use of ADWD was 

available from the literature reviewed. However, the general industrial and institution cleaner market 

of which commercial and institutional ADWD is a part, has declined moderately and a marginal rate 

of decline is projected during the forecast period to 2005. (SRI, 2002) 
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Water Supply Treatment Chemicals 

A variety of phosphorus-based chemicals are applied to municipal water supplies to inhibit and 

control scale and corrosion, soften water and control pH. For the years 2001 through mid-year 2003, 

the MDH provided data on the annual flow volume for each of the communities adding phosphorus 

and average residual phosphorus concentration in the water supply for a number of the communities 

adding phosphorus. The municipal water treatment chemicals phosphorus contribution to POTWs 

ranged from 1.7 percent to 5.7 percent in each of the basins and 3.1 percent statewide of the total 

influent phosphorus (see Table 32). The phosphorus contribution from water treatment chemicals was 

based on actual numbers from MDH and an estimated average and was also compared to per capita 

values. Using the MDH data on phosphorus used in municipal water supply treatment in Minnesota 

(140,000 kg/yr) and the estimated Minnesota population for 2000 (ca. 4,919,479), the estimated per 

capita phosphorus used for municipal water treatment was 0.029 kg/p�yr.  

 

Influent 
Phosphorus 

Load     
(kg/yr)

Influent 
Phosphorus 

Load                            
(% of Total)

Basin

Cedar River 3,800 3.6%

Des Moines River 2,600 5.6%

Lake Superior 3,900 1.7%

Lower Mississippi River 13,900 2.8%

Minnesota River 31,500 3.3%

Missouri River 1,000 3.8%

Rainy River 700 3.6%

Red River 7,800 5.2%

St. Croix River 3,100 5.7%

Upper Mississippi River 72,000 3.0%

State Total 140,300 3.1%

Table 32
Estimated Influent Phosphorus Load from Water Treatment Chemicals

to POTWs and Privately Owned Treatment Works by Basin
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Using 2000 data on annual U.S. phosphate consumption for water treatment chemicals (13,700 short 

tons, as phosphorus) from the SRI publication Chemical Economics Handbook - Industrial 

Phosphates, and the estimated U.S. population for 2000 (ca. 281,421,906), the estimated per capita 

phosphorus usage in water treatment chemicals was 0.044 kg/p�yr. However, because the water 

treatment chemical phosphorus estimate completed for this study includes only municipal water 

treatment and not industrial water treatment chemical usage, the 0.029 kg/p�yr may be an accurate 

number.   

 

The use of phosphates nationally in the municipal water treatment market increased slightly between 

1993 and 2000 (SRI, 2002), a trend that is expected to continue with the increased regulatory 

requirements for drinking water suppliers. 

 

Inflow and Infiltration 

The results of this study indicate that inflow and infiltration contribute a negligible amount of 

phosphorus to POTW influent. The inflow and infiltration contribution was approximately 0.1 

percent of the total influent phosphorus load discharged into POTWs (see Table 33).  

Influent 
Phosphorus 

Load     
(kg/yr)

Influent 
Phosphorus 

Load                            
(% of Total)

Basin

Cedar River 70 0.1%

Des Moines River 30 0.1%

Lake Superior 310 0.1%

Lower Mississippi River 320 0.1%

Minnesota River 610 0.1%

Missouri River 20 0.1%

Rainy River 20 0.1%

Red River 120 0.1%

St. Croix River 50 0.1%

Upper Mississippi River 1,790 0.1%

State Total 3,340 0.1%

Table 33
Estimated Influent Phosphorus Load from Inflow & Infiltration

to POTWs by Basin
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Phosphorus Point Sources and Amounts to Waters of the State 

The point source effluent phosphorus loads to each of the ten Minnesota basins and the state were 

computed using the methods described in the Approach and Methodology section. The estimated 

annual phosphorus load to waters of the state is 2,124,000 kg/yr with a flow weighted mean effluent 

concentration of 0.6 mg/L. The following tabulation (see Table 34) summarizes the estimated point 

source phosphorus loads to each of the ten Minnesota watershed basins by average annual load. The 

effluent phosphorus load is presented in both kg/yr and in flow weighted mean concentration. The 

subsequent table (Table 35) and figures (Figures 26 through 36) summarize the estimated point 

source phosphorus loads for the three categories of treatment facilities; POTWs, privately owned 

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

each basin and the state. Table 35 also summarizes the estimated flow weighted mean effluent 

concentration for the three categories of treatment facilities. 
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Point 
Source 
Effluent 

Phosphorus 
Load      

(kg/yr)

Flow 
Weighted 

Mean Effluent 
Phosphorus 

Concentration 
(mg/L)

Basin

Cedar River 56,800 2.5

Des Moines River 55,500 5.4

Lake Superior 34,800 0.04

Lower Mississippi River 267,400 0.5

Minnesota River 371,700 0.6

Missouri River 13,200 3.3

Rainy River 44,300 0.6

Red River 78,100 0.8

St. Croix River 22,100 1.3

Upper Mississippi River* 1,180,100 0.9

State Total 2,124,000 0.6

Table 34
Point Source Phosphorus Loads by Basin

*Expected Load reduction of (578,600 kg/yr) associated with 1 mg/L effluent 
discharge limit at the MCES Metro WWTF (Effective 12/31/05)  
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Publicly 
Owned 

Treatment 
Works 
(kg/yr)

POTW Flow 
Weighted 

Mean Effluent 
Phosphorus 

Concentration 
(mg/L)

Private WWT 
Systems for 

Domestic 
Use    (kg/yr)

Private WWT 
Systems Flow 

Weighted 
Mean Effluent 
Phosphorus 

Concentration 
(mg/L)

Commercial 
and 

Industrial 
WWT 

Systems 
(kg/yr)

Commercial 
and Industrial 
Flow Weighted 
Mean Effluent 
Phosphorus 

Concentration 
(mg/L)

Basin

Cedar River 56,400 3.95 0 NA 390 0.25

Des Moines River 15,100 2.04 0 NA 40,440 10.61

Lake Superior 31,800 0.48 40 0.41 2,970 0.004

Lower Mississippi River 184,000 2.71 270 2.50 83,120 0.34

Minnesota River 237,800 1.84 840 3.73 133,060 0.30

Missouri River 12,400 3.49 20 1.18 750 2.03

Rainy River 4,100 1.06 10 1.06 40,160 0.57

Red River 64,300 2.62 30 3.00 13,810 0.37

St. Croix River 20,400 2.04 300 1.95 1,360 0.21

Upper Mississippi River 1,109,500 2.94 1,960 3.50 68,650 0.35

State Total 1,735,800 2.47 3,470 2.96 384,710 0.29

NA - Not Applicable

Point Source Phosphorus Loads by Basin and Facility Type
Table 35
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Figure 26
Point Source Phosphorus Loads Discharged to the Cedar River Basin by Treatment Facility

Publicly Owned Treatment 
Works, 56,400 kg/yr, 99%

Commercial and Industrial 
WWT Systems, 390 kg/yr, 

1%
Private WWT Systems for 
Domestic Use, 0 kg/yr, 0%
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Figure 27
Point Source Phosphorus Loads Discharged to the Des Moines River Basin by Treatment 

Facility

Private WWT Systems for 
Domestic Use, 0 kg/yr, 0%

Publicly Owned Treatment 
Works, 15,100 kg/yr, 27%

Commercial and Industrial 
WWT Systems, 40,440 kg/yr, 

73%
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Figure 28
Point Source Phosphorus Loads Discharged to the Lake Superior Basin by Treatment Facility

Publicly Owned Treatment 
Works, 31,800 kg/yr, 91%

Private WWT Systems for 
Domestic Use, 40 kg/yr, 0%

Commercial and Industrial 
WWT Systems, 2,970 kg/yr, 

9%
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Figure 29
Point Source Phosphorus Loads Discharged to the Lower Mississippi River Basin by 

Treatment Facility

Publicly Owned Treatment 
Works, 184,000 kg/yr, 69%

Commercial and Industrial 
WWT Systems, 83,120 kg/yr, 

31%

Private WWT Systems for 
Domestic Use, 270 kg/yr, 0%
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Figure 30
Point Source Phosphorus Loads Discharged to the Minnesota River Basin by Treatment 

Facility

Publicly Owned Treatment 
Works, 237,800 kg/yr, 64%

Private WWT Systems for 
Domestic Use, 840 kg/yr, 0%

Commercial and Industrial 
WWT Systems,                                                   

133,060 kg/yr, 36%
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Figure 31
Point Source Phosphorus Loads Discharged to the Missouri River Basin by Treatment Facility

Publicly Owned Treatment 
Works, 12,400 kg/yr, 94%

Private WWT Systems for 
Domestic Use, 20 kg/yr, 0%

Commercial and Industrial 
WWT Systems, 750 kg/yr, 

6%

 



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: 96 

 

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

Figure 32
Point Source Phosphorus Loads Discharged to the Rainy River Basin by Treatment Facility

Private WWT Systems for 
Domestic Use, 10 kg/yr, 0%

Publicly Owned Treatment 
Works, 4,100 kg/yr, 9%

Commercial and Industrial 
WWT Systems, 40,160 kg/yr, 

91%
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Figure 33
Point Source Phosphorus Loads Discharged to the Red River Basin by Treatment Facility

Commercial and Industrial 
WWT Systems, 13,810 kg/yr, 

18%

Private WWT Systems for 
Domestic Use, 30 kg/yr, 0%

Publicly Owned Treatment 
Works, 64,300 kg/yr, 82%
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Figure 34
Point Source Phosphorus Loads Discharged to the St. Croix River Basin by Treatment Facility

Publicly Owned Treatment 
Works, 20,400 kg/yr, 93%

Private WWT Systems for 
Domestic Use, 300 kg/yr, 1%

Commercial and Industrial 
WWT Systems, 1,360 kg/yr, 

6%

 



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: 99 

 

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

Figure 35
Point Source Phosphorus Loads Discharged to the Upper Mississippi River Basin by 

Treatment Facility

Commercial and Industrial 
WWT Systems, 68,650 kg/yr, 

6%

Private WWT Systems for 
Domestic Use, 1,960 kg/yr, 

0%

Publicly Owned Treatment 
Works, 1,109,500 kg/yr, 94%

Expected Load Reduction 
(581,044 kg P/yr) Associated with a 
1 mg/L Effluent Discharge Limit at the 
MCES Metro WWTF 
(Effective 12/31/05)
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Figure 36
Point Source Phosphorus Loads Discharged Statewide by Treatment Facility

Commercial and Industrial 
WWT Systems,                                              

384,710 kg/yr, 18%

Private WWT Systems for 
Domestic Use, 3,470 kg/yr, 

0%

Publicly Owned Treatment 
Works, 1,735,800 kg/yr, 82%

Expected Load Reduction 
(581,044 kg P/yr) Associated with a 
1 mg/L Effluent Discharge Limit at the 
MCES Metro WWTF 
(Effective 12/31/05)
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POTWs  

POTWs discharge an estimated 1,736,000 kg/yr of phosphorus or just slightly more than 80 percent 

of the total point source phosphorus load to the watershed basins. In the Rainy River basin, POTWs 

accounted for only an estimated 9.3 percent of the total phosphorus loading to the basin, whereas, in 

the Lake Superior, St. Croix River, Missouri River, Upper Mississippi River, and Cedar River 

Basins, POTWs accounted for 91, 92, 94, 94 and 99 percent of the total phosphorus load, 

respectively.  

 

The data used for this study is from the years 2001, 2002 and the first half of 2003. During that time 

period many POTWs have implemented phosphorus removal and others will begin to implement it in 

the future. The largest impact is probably phosphorus removal at the MCES� Metro plant, which is 

required to implement phosphorus removal to 1 mg/L by the end of 2005. This facility discharges to 

the Upper Mississippi River basin and had an average phosphorus effluent concentration for the 

study period of 2.97 mg/L at an average annual phosphorus load to the basin of approximately 

870,000 kg/y. While the 1 mg/L limit isn�t effective until the end of 2005, the MCES Metro plant has 

completed modifications to its facility that have enabled it to meet the 1 mg/L in December 2003 and 

MCES staff anticipate continuing to meet the 1 mg/L limit.  A reduction in the phosphorus 

concentration to 1 mg/L results in a reduction of an estimated 581,044 kg of phosphorus per year. 

Because this one facility accounts for approximately 74 percent of the phosphorus load to the Upper 

Mississippi River basin and an estimated 40 percent statewide, phosphorus removal at this one 

facility will have a significant impact on the relative phosphorus loads in this basin and the state.  

 

The phosphorus removal efficiency in POTWs and privately owned treatment facilities was estimated 

based on the estimated influent and effluent loads (see Table 36). The estimated average phosphorus 

removal statewide is 61 percent in POTWs. 
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Basin Influent Load Effluent Load Percent Removal Influent Load Effluent Load Percent Removal
(kg/yr) (kg/yr) (%) (kg/yr) (kg/yr) (%)

Cedar River Basin 105,200 56,400 46% 0 0
Des Moines River 46,200 15,100 67% 0 0
Lake Superior 227,000 31,800 86% 500 40 92%
Lower Mississippi River 501,900 184,000 63% 800 300 63%
Minnesota River 952,200 237,800 75% 1,500 800 47%
Missouri River 26,400 12,400 53% 100 20 80%
Rainy River 20,100 4,100 80% 30 10 67%
Red River 150,600 64,300 57% 0 0
St. Croix River 53,500 20,400 62% 800 300 63%
Upper Mississippi River 2,384,900 1,109,500 53% 4,300 2,000 53%
State-wide 4,468,000 1,735,800 61% 8,030 3,470 57%

POTW Private

Table 36
Phosphorus Removal in POTWs and Privately Owned Treatment Facilities
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The estimated point source effluent phosphorus load to each basin was categorized by POTW size 

and category for each of the POTW influent phosphorus source components (see Tables 37 through 

39). The number of facilities in each category is given in parentheses. 

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

a. Small � less than 0.2 mgd (316 facilities) 

b. Medium � from 0.2 mgd to 1.0 mgd (149 facilities) 

c. Large � greater than 1.0 mgd (68 facilities) 

2. Waste Treated (% by flow volume treated) 

a. POTWs that serve mainly households and residences  - less than 20 % 
industrial or commercial contributions (128 facilities) 

b. POTWs that have some commercial or industrial contribution � between 20% 
and 50% industrial or commercial contributions (207 facilities) 

c. POTWs that are dominated by a variety of commercial and industrial 
contributions � greater than 50% industrial or commercial contributions (198 
facilities) 

Approximately 88 percent of the phosphorus load discharged to the watershed basins from POTWs is 

from large POTWs (i.e., >1.0 mgd). While approximately 8.5 percent of the point source phosphorus 

load discharged to the basins is from POTWs categorized as medium (i.e., 0.2 to 1.0 mgd) and only 

3.5 percent is from small POTWs (i.e., <0.2 mgd). Within the large category, POTWs that have some 

commercial or industrial contribution (between 20% and 50% industrial or commercial contributions) 

contribute the majority (72 percent) of the phosphorus load from this category to the basins. The 

POTWs were ranked from high to low by their phosphorus load discharged to watershed basins: 

1. Large POTWs that have some commercial or industrial contribution � between 20% and 50% 
industrial or commercial contributions (1,100,000 kg/yr) 

2. Large POTWs that are dominated by a variety of commercial and industrial contributions � 
greater than 50% industrial or commercial contributions (347,000 kg/yr) 

3. Large POTWs that serve mainly households and residences  - less than 20 % industrial or 
commercial contributions (83,000 kg/yr) 

4. Medium POTWs that are dominated by a variety of commercial and industrial contributions � 
greater than 50% industrial or commercial contributions (68,000 kg/yr) 

5. Medium POTWs that have some commercial or industrial contribution � between 20% and 
50% industrial or commercial contributions (65,000 kg/yr) 
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6. Small POTWs that are dominated by a variety of commercial and industrial contributions � 
greater than 50% industrial or commercial contributions (23,000 kg/yr) 

7. Small POTWs that have some commercial or industrial contribution � between 20% and 50% 
industrial or commercial contributions (22,000 kg/yr) 

8. Small POTWs that serve mainly households and residences  - less than 20 % industrial or 
commercial contributions (14,000 kg/yr) 

9. Medium POTWs that serve mainly households and residences  - less than 20 % industrial or 
commercial contributions (14,000 kg/yr) 
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Basin Name

Cedar River Des Moines 
River

Lake Superior Lower 
Mississippi 

River

Minnesota 
River

Missouri River Rainy River Red River St. Croix River Upper 
Mississippi 

River

Statewide

Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus
(kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr)

Residential Automatic Dishwasher Detergent 42 22 30 680 261 75 0 117 43 241 1,511
Commercial Automatic Dishwasher Detergent 19 10 14 318 122 35 0 55 20 1,111 1,704
Food Soils/Garbage Disposal Waste 93 49 67 1,516 582 168 1 260 95 516 3,347
Dentifrices 6 3 4 92 35 10 0 16 6 70 242
Human Waste 142 61 58 2,500 1,362 235 12 308 30 1,981 6,690
Finished Water Supply 46 0 0 180 117 3 0 34 0 362 742
Groundwater Intrusion (I&I) 0 0 0 4 1 0 0 1 0 3 10
Commercial/Industrial Process Water 1 0 0 40 23 0 0 15 7 139 226
Noncontact Cooling Water 0 0 0 0 0 0 0 0 0 0 0
Sub Total 350 145 174 5,330 2,503 526 13 806 201 4,423 14,471
Residential Automatic Dishwasher Detergent 85 73 0 178 503 143 74 389 136 250 1,832
Commercial Automatic Dishwasher Detergent 40 34 0 83 235 67 35 182 64 1,195 1,934
Food Soils/Garbage Disposal Waste 189 163 0 398 1,122 320 165 867 303 536 4,063
Dentifrices 11 10 0 24 68 19 10 53 18 72 287
Human Waste 283 336 0 1,445 3,528 452 353 1,750 612 3,310 12,068
Finished Water Supply 35 0 0 88 285 4 38 83 69 484 1,087
Groundwater Intrusion (I&I) 1 1 0 2 5 1 1 3 1 5 19
Commercial/Industrial Process Water 0 0 0 61 390 13 96 150 16 216 942
Noncontact Cooling Water 0 0 0 0 0 0 0 0 0 0 0
Sub Total 643 617 0 2,279 6,137 1,020 772 3,476 1,220 6,069 22,232
Residential Automatic Dishwasher Detergent 61 10 189 59 324 96 26 213 58 202 1,239
Commercial Automatic Dishwasher Detergent 29 5 88 28 151 45 12 100 27 965 1,449
Food Soils/Garbage Disposal Waste 136 23 422 132 722 215 58 475 129 433 2,743
Dentifrices 8 1 26 8 44 13 3 29 8 59 199
Human Waste 184 45 1,036 762 4,210 1,057 388 2,998 562 3,092 14,333
Finished Water Supply 53 0 122 39 190 20 38 49 2 144 658
Groundwater Intrusion (I&I) 1 0 3 1 5 1 0 3 1 6 22
Commercial/Industrial Process Water 0 0 12 11 317 106 0 100 0 1,332 1,878
Noncontact Cooling Water 0 0 0 0 0 0 0 0 0 0 0
Sub Total 472 84 1,897 1,039 5,962 1,554 525 3,968 786 6,233 22,521

Total 1,464 846 2,071 8,648 14,602 3,100 1,311 8,249 2,207 16,725 59,224

Phosphorus 
Sources to 

Waters of the 
State

Small POTWs 
(<0.2 mgd)

Serving Mainly 
Households and 

Residences

Serving Some 
Commercial/ Industrial 

Users

Serving Predominantly 
Commercial/ Industrial 

Users

Phosphorus Sources

Table 37
Phosphorus Loading to Waters of the State

Small POTW Point Sources
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Basin Name

Cedar River Des Moines 
River

Lake Superior Lower 
Mississippi 

River

Minnesota 
River

Missouri River Rainy River Red River St. Croix River Upper 
Mississippi 

River

Statewide

Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus
(kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr)

Residential Automatic Dishwasher Detergent 0 89 0 334 484 20 0 130 65 288 1,410
Commercial Automatic Dishwasher Detergent 0 41 0 156 226 10 0 61 30 1,374 1,898
Food Soils/Garbage Disposal Waste 0 197 0 745 1,078 46 0 290 145 617 3,118
Dentifrices 0 12 0 45 65 3 0 18 9 83 235
Human Waste 0 273 0 1,193 1,025 90 0 304 372 2,501 5,757
Finished Water Supply 0 41 0 190 65 9 0 0 63 485 854
Groundwater Intrusion (I&I) 0 1 0 2 3 0 0 1 0 3 10
Commercial/Industrial Process Water 0 1 0 3 117 8 0 162 115 58 464
Noncontact Cooling Water 0 0 0 0 0 0 0 0 0 0 0
Sub Total 0 656 0 2,668 3,063 185 0 965 799 5,410 13,746
Residential Automatic Dishwasher Detergent 0 145 151 1,703 1,407 0 0 288 498 771 4,963
Commercial Automatic Dishwasher Detergent 0 68 70 795 657 0 0 135 233 3,681 5,639
Food Soils/Garbage Disposal Waste 0 323 336 3,796 3,138 0 0 642 1,110 1,651 10,997
Dentifrices 0 20 20 230 190 0 0 39 67 223 791
Human Waste 0 1,078 433 8,235 7,723 0 0 1,411 3,283 8,906 31,069
Finished Water Supply 0 0 74 696 631 0 0 163 76 873 2,513
Groundwater Intrusion (I&I) 0 1 2 15 13 0 0 3 5 14 53
Commercial/Industrial Process Water 0 611 41 3,078 1,797 0 0 221 271 2,463 8,481
Noncontact Cooling Water 0 0 0 0 0 0 0 0 0 0 0
Sub Total 0 2,246 1,127 18,549 15,558 0 0 2,901 5,542 18,583 64,505
Residential Automatic Dishwasher Detergent 85 40 83 532 840 83 36 419 182 274 2,575
Commercial Automatic Dishwasher Detergent 40 19 39 249 392 39 17 196 85 1,307 2,381
Food Soils/Garbage Disposal Waste 190 90 185 1,187 1,872 184 81 934 406 586 5,715
Dentifrices 12 5 11 72 114 11 5 57 25 79 391
Human Waste 1,610 295 635 4,852 6,478 911 624 6,656 3,602 9,172 34,836
Finished Water Supply 0 0 23 491 278 89 30 273 462 498 2,144
Groundwater Intrusion (I&I) 2 1 1 8 12 1 0 6 4 11 45
Commercial/Industrial Process Water 84 5 9 6,250 7,335 1,014 23 1,500 290 3,876 20,385
Noncontact Cooling Water 0 0 0 0 0 0 0 0 0 0 0
Sub Total 2,023 455 986 13,640 17,320 2,332 817 10,041 5,055 15,803 68,472

Total 2,023 3,357 2,113 34,857 35,940 2,517 817 13,907 11,396 39,795 146,723

Phosphorus 
Sources to 

Waters of the 
State

Table 38
Phosphorus Loading to Waters of the State

Medium POTW Point Sources

Phosphorus Sources

Serving Mainly 
Households and 

Residences

Serving Some 
Commercial/ Industrial 

Users

Serving Predominantly 
Commercial/ Industrial 

Users

Medium POTWs 
(0.2 to 1.0 mgd)

 



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: 107 

 

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

Basin Name

Cedar River Des Moines 
River

Lake Superior Lower 
Mississippi 

River

Minnesota 
River

Missouri River Rainy River Red River St. Croix River Upper 
Mississippi 

River

Statewide

Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus Total Phosphorus
(kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr)

Residential Automatic Dishwasher Detergent 0 0 77 3,989 0 0 0 0 0 1,768 5,834
Commercial Automatic Dishwasher Detergent 0 0 36 1,863 0 0 0 0 0 8,441 10,340
Food Soils/Garbage Disposal Waste 0 0 171 8,892 0 0 0 0 0 3,786 12,850
Dentifrices 0 0 10 540 0 0 0 0 0 512 1,062
Human Waste 0 0 23 29,757 0 0 0 0 0 10,599 40,379
Finished Water Supply 0 0 0 516 0 0 0 0 0 1,191 1,707
Groundwater Intrusion (I&I) 0 0 0 27 0 0 0 0 0 20 47
Commercial/Industrial Process Water 0 0 0 8,731 0 0 0 0 0 1,934 10,665
Noncontact Cooling Water 0 0 0 0 0 0 0 0 0 0 0
Sub Total 0 0 318 54,314 0 0 0 0 0 28,253 82,884
Residential Automatic Dishwasher Detergent 0 0 444 3,119 8,913 0 0 1,849 434 36,683 51,442
Commercial Automatic Dishwasher Detergent 0 0 207 1,459 4,168 0 0 863 203 174,610 181,511
Food Soils/Garbage Disposal Waste 0 0 989 6,954 19,872 0 0 4,122 967 78,321 111,224
Dentifrices 0 0 60 422 1,206 0 0 250 59 10,596 12,593
Human Waste 0 0 2,229 15,776 39,576 0 0 7,333 1,780 375,757 442,452
Finished Water Supply 0 0 0 678 4,823 0 0 1,671 170 28,097 35,439
Groundwater Intrusion (I&I) 0 0 3 33 81 0 0 16 4 713 850
Commercial/Industrial Process Water 0 0 79 10,183 37,713 0 0 4,061 1,231 211,386 264,654
Noncontact Cooling Water 0 0 0 0 0 0 0 0 0 0 0
Sub Total 0 0 4,011 38,624 116,353 0 0 20,165 4,847 916,164 1,100,164
Residential Automatic Dishwasher Detergent 1,826 345 1,315 2,062 2,043 342 113 1,437 168 1,121 10,773
Commercial Automatic Dishwasher Detergent 853 161 616 963 954 162 53 671 78 5,353 9,865
Food Soils/Garbage Disposal Waste 4,071 769 2,931 4,597 4,556 754 238 3,203 373 2,401 23,894
Dentifrices 247 47 178 279 276 46 15 194 23 325 1,631
Human Waste 36,651 5,525 13,189 21,910 20,672 2,872 1,343 7,947 674 41,562 152,345
Finished Water Supply 1,797 668 384 2,837 2,014 406 66 1,178 145 1,001 10,496
Groundwater Intrusion (I&I) 31 5 33 29 32 5 2 17 2 62 219
Commercial/Industrial Process Water 7,460 3,419 4,615 14,754 40,399 2,155 114 7,339 523 56,773 137,552
Noncontact Cooling Water 0 0 0 0 0 0 0 0 0 0 0
Sub Total 52,937 10,939 23,261 47,432 70,946 6,742 1,945 21,987 1,987 108,598 346,774

Total 52,937 10,939 27,590 140,370 187,299 6,742 1,945 42,152 6,834 1,053,014 1,529,823

Phosphorus 
Sources to 

Waters of the 
State

Serving Mainly 
Households and 

Residences

Serving Some 
Commercial/ Industrial 

Users

Serving Predominantly 
Commercial/ Industrial 

Users

Large POTWs 
(>1.0 mgd)

Table 39
Phosphorus Loading to Waters of the State

Large POTW Point Sources

Phosphorus Sources
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Privately Owned Treatment Systems 

As shown on Figures 26 through 36, privately owned treatment facilities for domestic use account for 

less than half of a percent of the total point source phosphorus load to waters of the state. They 

contribute only 3,500 kg/yr of phosphorus to waters of the state. 

 

Commercial and Industrial Wastewater Treatment Systems 

Commercial and industrial wastewater systems discharging directly to waters of the state make up the 

remaining point source phosphorus load, approximately 18 percent. They discharge an estimated 

385,000 kg/yr to Minnesota surface waters. No attempt was made to determine the major commercial 

and industrial phosphorus contributors discharging directly to waters of the state. 

 

Noncontact Cooling Water  

Noncontact cooling water is a subcategory of point source commercial and industrial wastewater. 

The phosphorus load from cooling water dischargers to each of the basins are summarized, by basin, 

in Table 40.  

 

Other 
Commercial & 

Industrial 
Wastewater 

(kg/yr)

Non-contact 
Cooling Water    

(kg/yr)

Total Commercial 
& Industrial 
Wastewater       

(kg/yr)
Basin

Cedar River 85 304 389

Des Moines River 40,437 0 40,437

Lake Superior 2,935 35 2,970

Lower Mississippi River 81,986 1,129 83,115

Minnesota River 128,560 4,503 133,063

Missouri River 746 0 746

Rainy River 40,148 11 40,159

Red River 10,296 3,517 13,813

St. Croix River 1,361 0 1,361

Upper Mississippi River 63,873 4,779 68,652

Total 370,427 14,278 384,704

Table 40
Summary of Estimated Commercial & Industrial Wastewater Systems Point Source Phosphorus Load
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It is estimated that noncontact cooling water contributes approximately 14,000 kg/yr or 

approximately 0.7 percent of the total phosphorus to waters of the State. In eight of the ten basins, 

noncontact cooling water accounted for less than one-half of a percent of the total phosphorus load. 

In one basin, the Red River basin, it accounted for 4.5 percent (3,500 kg/yr) and in the remaining 

basin, the Minnesota River basin, it accounted for approximately 1.2 percent (4,500 kg/yr) of the 

total phosphorus load to the basin.  

 

Summary of Phosphorus Loads to Basin  

The total point source phosphorus load discharged to each basin and the state from each of the three 

types of wastewater treatment systems (POTWs, privately owned treatment systems and commercial 

and industrial wastewater treatment systems) is separated by source and presented in Figures 37 

though 47. It was assumed that the influent components of the POTW�s and privately owned 

treatment facility�s phosphorus loads were in the treatment plant effluent in the same proportions as 

in the influent. It is understood that that this may not be the case, that phosphorus from the various 

sources may not have the same percentage of removal. However, due to the various types of 

treatment and their variable removal rates, it was not in the scope of this study to estimate the 

individual removal rates for each type of treatment system and each source of phosphorus. The 

commercial and industrial wastewater contributions were separated into those facilities discharging 

directly to a surface water under their own NPDES permit (Commercial & Industrial Wastewater 

Systems) and those discharging their wastewater to a POTW for treatment (Commercial and 

Industrial Process Wastewater). 
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Figure 37
Estimated Point Source Phosphorus Loads Discharged to the 

Cedar River Basin

Residential Automatic 
Dishwasher Detergent,                                           

2,099 kg/yr, 4%

Dentifrices, 284 kg/yr, 0%

Inflow & Infiltration, 35 kg/yr, 
0%

Food Soils / Garbage 
Disposal Waste, 4,679 kg/yr, 

8%

Commercial & Institutional 
Automatic Dishwasher 

Detergent, 980 kg/yr, 2%

Commercial & Industrial 
Process Wastewater (From 
POTWs), 7,545 kg/yr, 13%

Water Treatment Chemicals, 
1,932 kg/yr, 3%

Non-contact Cooling Water, 
304 kg/yr, 1%

Commerical & Industrial 
Wastewater Systems,                                                

85 kg/yr, 0%

Human Waste,                                                                 
38,871 kg/yr, 69%
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Figure 38
Estimated Point Source Phosphorus Loads Discharged to the 

Des Moines River Basin

Food Soils / Garbage Disposal 
Waste, 1,614 kg/yr, 3%

Commercial & Institutional 
Automatic Dishwasher 

Detergent, 338 kg/yr, 1%

Residential Automatic 
Dishwasher Detergent,                                                         

724 kg/yr, 1%

Dentifrices, 98 kg/yr, 0%

Inflow & Infiltration, 9 kg/yr, 0%

Commercial & Industrial 
Process Wastewater (From 
POTWs), 4,036 kg/yr, 7%

Human Waste, 7,614 kg/yr, 
14%

Water Treatment Chemicals, 
709 kg/yr, 1%

Non-contact Cooling Water,                                             
0 kg/yr, 0%

Commerical & Industrial 
Wastewater Systems,                                              

40,437 kg/yr, 73%
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Figure 39
Estimated Point Source Phosphorus Loads Discharged to the 

Lake Superior River Basin

Residential Automatic 
Dishwasher Detergent,                                            

2,290 kg/yr, 7%

Dentifrices, 310 kg/yr, 1%

Inflow & Infiltration,                                                            
43 kg/yr, 0%

Food Soils / Garbage 
Disposal Waste, 5,105 kg/yr, 

15%

Commercial & Institutional 
Automatic Dishwasher 

Detergent, 1,070 kg/yr, 3%

Commercial & Industrial 
Process Wastewater (From 
POTWs), 4,756 kg/yr, 14%

Water Treatment Chemicals, 
603 kg/yr, 2%

Non-contact Cooling Water, 
35 kg/yr, 0%

Commerical & Industrial 
Wastewater Systems,                                  

2,935 kg/yr, 8%

Human Waste, 17,636 kg/yr, 
50%
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Figure 40
Estimated Point Source Phosphorus Loads Discharged to the 

Lower Mississippi River Basin

Commercial & Industrial 
Process Wastewater (From 
POTWs), 43,111 kg/yr, 16%

Water Treatment Chemicals, 
5,717 kg/yr, 2%

Non-contact Cooling Water, 
1,129 kg/yr, 0%

Commercial & Institutional 
Automatic Dishwasher 

Detergent, 5,914 kg/yr, 2%

Food Soils / Garbage 
Disposal Waste, 28,287 

kg/yr, 11%

Residential Automatic 
Dishwasher Detergent, 

12,685 kg/yr, 5%

Dentifrices, 1,717 kg/yr, 1%

Inflow & Infiltration, 120 
kg/yr, 0%Human Waste, 86,593 kg/yr, 

32%

Commerical & Industrial 
Wastewater Systems,                                       

81,986 kg/yr, 31%
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Figure 41
Estimated Point Source Phosphorus Loads Discharged to the 

Minnesota River River Basin

Residential Automatic 
Dishwasher Detergent, 

14,813 kg/yr, 4%

Dentifrices, 2,004 kg/yr, 1%

Inflow & Infiltration, 152 
kg/yr, 0%

Food Soils / Garbage 
Disposal Waste, 33,006 

kg/yr, 9%

Commercial & Institutional 
Automatic Dishwasher 

Detergent, 6,906 kg/yr, 2%

Commercial & Industrial 
Process Wastewater (From 
POTWs), 88,091 kg/yr, 24%

Non-contact Cooling Water, 
4,503 kg/yr, 1% Water Treatment Chemicals, 

8,407 kg/yr, 2%

Human Waste, 85,303 kg/yr, 
23%

Commerical & Industrial 
Wastewater Systems, 
128,560 kg/yr, 34%
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Figure 42
Estimated Point Source Phosphorus Loads Discharged to the 

Missouri River Basin

Non-contact Cooling Water,                                            
0 kg/yr, 0%

Water Treatment Chemicals, 
531 kg/yr, 4%

Commerical & Industrial 
Wastewater Systems,                                      

746 kg/yr, 6%

Commercial & Industrial 
Process Wastewater (From 
POTWs), 3,296 kg/yr, 25%

Commercial & Institutional 
Automatic Dishwasher 

Detergent, 358 kg/yr, 3%

Food Soils / Garbage 
Disposal Waste, 1,689 kg/yr, 

13%

Residential Automatic 
Dishwasher Detergent,                                           

762 kg/yr, 6%

Inflow & Infiltration, 9 kg/yr, 
0%

Dentifrices, 103 kg/yr, 1%

Human Waste, 5,628 kg/yr, 
42%
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Figure 43
Estimated Point Source Phosphorus Loads Discharged to the 

Rainy River Basin

Dentifrices, 34 kg/yr, 0%

Food Soils / Garbage Disposal 
Waste, 542 kg/yr, 1%

Commercial & Industrial 
Process Wastewater (From 

POTWs), 234 kg/yr, 1%

Non-contact Cooling Water,                       
11 kg/yr, 0%

Commercial & Institutional 
Automatic Dishwasher 

Detergent, 117 kg/yr, 0%

Inflow & Infiltration, 3 kg/yr, 0%

Human Waste, 2,727 kg/yr, 6%

Residential Automatic 
Dishwasher Detergent,                                                        

250 kg/yr, 1%

Water Treatment Chemicals, 
172 kg/yr, 0%

Commerical & Industrial 
Wastewater Systems,                                                 

40,148 kg/yr, 91%
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Figure 45
Estimated Point Source Phosphorus Loads Discharged to the 

St. Croix River Basin

Residential Automatic 
Dishwasher Detergent,                                           

1,650 kg/yr, 7%

Dentifrices, 223 kg/yr, 1%

Inflow & Infiltration, 17 kg/yr, 
0%

Food Soils / Garbage 
Disposal Waste, 3,678 kg/yr, 

17%

Commercial & Institutional 
Automatic Dishwasher 

Detergent, 739 kg/yr, 3%

Commercial & Industrial 
Process Wastewater (From 
POTWs), 2,452 kg/yr, 11%

Water Treatment Chemicals, 
988 kg/yr, 4%

Non-contact Cooling Water,                                 
0 kg/yr, 0%

Commerical & Industrial 
Wastewater Systems,                                     

1,361 kg/yr, 6%

Human Waste, 10,987 kg/yr, 
51%
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Figure 46
Estimated Point Source Phosphorus Loads Discharged to the 

Upper Mississippi River Basin

Water Treatment Chemicals, 
33,276 kg/yr, 3%

Non-contact Cooling Water, 
4,779 kg/yr, 0%

Commerical & Industrial 
Wastewater Systems,                         

63,873 kg/yr, 5%

Human Waste,                                                         
457,598 kg/yr, 38%

Dentifrices, 12,065 kg/yr, 1%

Inflow & Infiltration, 837 
kg/yr, 0%

Residential Automatic 
Dishwasher Detergent, 

89,173 kg/yr, 8%

Food Soils / Garbage 
Disposal Waste, 198,763 

kg/yr, 17%

Commercial & Institutional 
Automatic Dishwasher 

Detergent, 41,600 kg/yr, 4%

Commercial & Industrial 
Process Wastewater (From 

POTWs), 278,177 kg/yr, 24%
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Figure 47
Estimated Point Source Phosphorus Loads Discharged to the 

Waters of the State of Minnesota

Water Treatment Chemicals, 
55,788 kg/yr, 3%

Non-contact Cooling Water, 
14,278 kg/yr, 1%

Commercial & Industrial 
Process Wastewater (From 

POTWs), 445,247 kg/yr, 21%

Commercial & Institutional 
Automatic Dishwasher 

Detergent, 60,284 kg/yr, 3%

Food Soils / Garbage 
Disposal Waste, 288,183 

kg/yr, 14%

Dentifrices, 17,494 kg/yr, 1%Inflow & Infiltration,                                           
1,275 kg/yr, 0%

Residential Automatic 
Dishwasher Detergent, 

129,287 kg/yr, 6%

Human Waste,                                                       
741,668 kg/yr, 34%

Commerical & Industrial 
Wastewater Systems, 
370,427 kg/yr, 17%
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Point Source Phosphorus Variability and Uncertainty 

The variability and uncertainty associated with the data sources has been discussed throughout this 

report. The following paragraphs provide a more detailed discussion of the variability and 

uncertainty associated with each data source. 

 

Influent and Effluent Flow Data 

Data on all municipal, private and industrial and commercial dischargers were obtained from the 

Delta database. Influent and/or effluent flow data were available for all permits in the Delta database. 

The data are submitted by the permittees for entry into Delta and there is no way to determine the 

accuracy of each permittee�s measurements. However, most permits require regular flow 

measurement and had at least monthly flow data for those facilities with a continuous discharge.  

Pond systems that discharge infrequently may have had only one or two effluent data points 

available, otherwise the flow data was based on numerous data points. In addition, an attempt was 

made to validate the flow data. All flow values were converted to million gallons per day (mgd) and 

then averaged for each permit and station combination. The standard deviation was calculated for 

each station in a permit.  Permits with high standard deviations raised concern, and the monthly flow 

data for the individual permits were manually reviewed. By reviewing multiple years it was relatively 

easy to spot the general trend in discharge rates and correct obvious errors. This process removed 

most of the variability from the data. 

 

One area of some uncertainty is not the flow data itself, but which flows are discharged to surface 

waters. Each station under each permit in the Delta database is coded to list the type of discharge: 

surface water, land application, spray irrigation, internal waste stream, etc. Because this information 

is submitted by permittees for entry into Delta by MPCA staff, there may be some error due to 

interpretation and it is possible that some discharge stations may have been miscategorized. 

 

Treatment Plant Influent and Effluent Phosphorus Loadings  

There are several areas of uncertainty associated with the influent and effluent phosphorus loading 

estimates. These estimates are based on the flow data discussed above and the average annual 

phosphorus concentration. In many cases, phosphorus concentration data was limited to a few data 

points or not available at all. It was necessary to estimate the phosphorus concentration for many of 
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the permittees. In addition, there was some variability among the phosphorus data for a permit when 

it was available.  However, as noted in Table 1, there were phosphorus data for approximately one 

half of the facilities or approximately 88 percent of the total wastewater flow. 

 

The method of calculating the estimated phosphorus load will impact the results. The study used 

annual average flow rates multiplied by the average annual phosphorus concentration to estimate the 

annual phosphorus load. The load could also have been calculated on a daily basis or monthly basis 

and then the average annual load calculated. Each method would likely result in different values. 

However, since there was limited data, monthly averages at best, it was decided to estimate the 

phosphorus load by calculating the average annual flow and multiplying it by the average annual 

phosphorus concentration. 

 

Population Data 

As discussed earlier in this memorandum, many of the influent phosphorus sources are based on per 

capita values and there is some uncertainty associated with the available population data. 

Approximately 230 of the 576 POTW and privately owned treatment facilities had population data 

listed in the Delta database. The process used to estimate the remaining population data was 

described in a previous section of the memorandum. As discussed, an attempt was made to validate 

some of the data, but due to the number of permits, it was not possible to verify all of the population 

data received. As a result, there is some uncertainty associated with this data. 

 

Commercial and Industrial Wastewater 

Data was collected on commercial and industrial dischargers to the MCES system. However, not all 

of these facilities had phosphorus monitoring data. Additional phosphorus data from commercial and 

dischargers was also colleted from several out-state POTWs. The phosphorus data that was available 

was often based on a limited number of sampling events and there was some variability between 

industries with similar NAICS code numbers. Other than the MCES permitted facilities and the 

handful of out-state communities that required their industries to monitor for phosphorus, most of the 

commercial and industrial process wastewater phosphorus values were estimates based on the data 

set collected from industrial dischargers to the MCES system and to the other communities that 

monitored for phosphorus. Given the limited data set, there is likely a high level of uncertainty 

associated with the estimates for this source.  




