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A. Introduction 

 
Water quality is often assessed in relation to water‘s suitability for drinking and its support of 
aquatic life, aquatic recreation, and fish consumption; these are the major designated uses of 
water that are protected by federal and state laws. Minnesota‘s waters have been degraded 
through physical, chemical, and biological changes resulting from many stressors that are a 
function of a few key drivers. This paper discusses water quality standards, drivers of change, 
issues, stressors, and overall conditions and trends in Minnesota.  Because the purpose of this 
paper is to provide a comprehensive, statewide view of water quality, Minnesota‘s conditions 
and trends are discussed primarily in terms of state and regional assessments by regulatory 
agencies, as these are the major sources of information on water quality at these scales.    
 
It is commonly acknowledged that water bodies in Minnesota provide important benefits, or 
―ecological services‖.  Some of these benefits are implicit in the designated uses that were 
mentioned in the previous paragraph, and others are not. Ecological benefits related to water 
include: maintenance of hydrologic patterns that support biodiversity; floodwater 
storage/protection from damage; soil enrichment; soil retention; pollutant removal/water quality 
protection; waste dilution/removal; temperature regulation/microclimate control; oxygen, carbon, 
and nutrient cycling; organic/inorganic export; fish and game habitat; resistance to nonnative 
species introductions; recreational use; drinking water; food production; aesthetics; quality of 
life; commercial use; and economic benefits stemming from the use of water flows (MPCA 
2008b).  Drivers of water quality change can ultimately affect ecosystem functions, thereby 
affecting the benefits provided by, and the usability of, water (MPCA 2000c). 

 
There is no commonly used definition of water quality that encompasses all of the uses and 
benefits of water mentioned above.  For the purposes of this paper, let us consider water quality 
as referring to some water‘s (or water body‘s) chemical, physical, and ecological characteristics 
in relation to its ability to support human uses and the health of the local biological community.  
We will see that there are numerous stressors that can result in several common issues that affect 
water quality under this definition.  
 
When we speak of water quality, what often comes to mind initially is ambient, or diffuse 
environmental, water quality - primarily in the context of chemical contamination. This has not 
always been the case.  Prior to the implementation of the Clean Water Act (CWA) and its 
amendments, localized ―point sources‖ (i.e., chemical sources traceable to a particular input, 
such as a pipe discharge or a wastewater treatment plant (WWTP) outflow) garnered most of the 
public‘s attention due to their highly visible and easily traceable effects on surface water and 
groundwater quality (think of flaming rivers or the Love Canal in New York). Thus, the initial 
focus of CWA implementation was on point-source regulation, with most regulatory action 
aimed at reigning in detrimental ―end-of-pipe‖ inputs to surface water and groundwater. Through 
the National Pollutant Discharge Elimination System (NPDES), point-source impacts have been 
diminished in Minnesota (MPCA 2008a).  
 
Nonpoint sources (NPS), by which we mean the numerous, less focused or ―pinpointable‖ 

sources that together result in cumulative pollutant loading to water bodies (e.g., automobile 
emissions and runoff from fields, yards, and roads are considered to be types of NPS pollution) 
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have not been similarly addressed. This is not to say that point sources are no longer an issue, or 
that the effects of previous point source inputs are not still factors in water quality. But when we 
speak of chemical changes to water quality today, we must consider ambient water quality and 
nonpoint-source, as well as point source inputs. Likewise, water quality regulations include not 
only NPDES regulation of the amount of a pollutant that a particular point source may 
contribute; regulations also include standards based on specific ambient (e.g., in-stream or in-
lake) chemical, physical, and biological criteria that pertain to particular uses (e.g., drinking 
water, aquatic life, recreation, fish consumption) (U.S. EPA 2010a). In contrast to point source 
regulations, which control the amount of a pollutant that a particular source may release, ambient 
water quality standards address the cumulative environmental conditions within a water body, 
regardless of source.  A major hurdle regarding enforcement of ambient standards is assessment 
and enforcement of how much of a particular pollutant a given user should be allowed to 
contribute.  It can be very difficult to trace NPS pollutant loads to all relevant contributors, much 
less make a case regarding how much each should be required to reduce their particular input.   
 
Increasingly, biological criteria such as indices of biotic integrity (IBI), which characterize 
aquatic community composition, diversity, and organization, are being used to comprehensively 
characterize a water body‘s ecological health in a way that traditional indicators may not (U.S. 
EPA 2010b).  This evolution in standards and measurement tools is reflective of our increasing 
awareness of water quality issues other than those of traditional concern (e.g., acutely toxic 
chemical pollutants). Some of these more recently recognized issues are: changes to food webs; 
subtle, chronic effects of contaminants of emerging concern (CEC); invasive species; direct 
disturbance to aquatic habitat or vegetation; and cultural eutrophication (a surface water 
condition characterized by high photosynthetic productivity, high plant nutrients, and low water 
transparency, which often results in reduced species diversity, increased algal blooms, and other 
undesirable conditions). Thus, a modern consideration of water quality should encompass the 
physical, chemical, and ecological characteristics of a water body not only in relation to the 
provisioning of non-toxic water for human drinking and recreational uses, but also regarding the 
support of aquatic habitat, food webs, and other benefits provided by well-functioning water 
bodies.  
 
B. Water Quality Standards 

 

Water quality standards define goals for a water body by designating desirable uses; setting 
chemical, physical, and/or biological criteria that will protect those uses; and establishing 
provisions to prevent pollution and protect existing uses (U.S. EPA 2009a). The CWA  requires 
states and Indian tribes to set standards for surface waters; review them at least every three years; 
and revise them if appropriate (U.S. Environmental Protection Agency 2009b).  
  
The CWA requires assessment of the nation‘s navigable waters in terms of their ―fishable and 
swimmable‖ uses. The Safe Drinking Water Act (SDWA) regulates public water systems and the 
surface and groundwater sources that supply them. Waters that fall into the purview of these acts 
are assessed with relevant chemical, physical, and/or biological criteria regarding their ability to 
support designated uses or provide safe drinking water. If a water body fails to meet criteria 
under CWA assessments, it is listed as impaired and a total maximum daily load (TMDL) study 
must be completed.  If a SDWA criterion is violated, public reporting and corrective measures 
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are required.  CWA/SDWA assessments and TMDLs are discussed further in the Minnesota 
Conditions and Trends section.  
 
In Minnesota, water quality standards as defined in Minnesota Rules, chapter 7050, apply to 
surface and groundwater bodies. These ambient standards include numeric standards, narrative 
standards, and nondegradation provisions regarding beneficial uses. Numeric standards set limits 
of concentrations for particular pollutants and are important where a chemical has known 
toxicity or when pollutants pose human health concerns. Narrative standards, which are also 
known as ―descriptive‖ standards, prohibit visible and basic types of water pollution. The 
association between narrative standards and beneficial uses is not as well defined as that between 
numeric standards and beneficial uses. Thus, determining that a narrative standard has been 
violated often requires a ―weight of evidence‖ approach. 
 
Other major regulations regarding water quality in Minnesota are contained in Minnesota Rules, 
chapter 7052, which specifically regulates the waters in the Lake Superior basin; and in 
Minnesota Rules, chapter 7053, which regulates industrial, municipal, and other types of 
wastewater, point-source, and non-point source discharges, and which sets discharge limits 
regarding phosphorus, toxins, and other chemical, physical, and biological parameters  
 
In Minnesota, waters and their aquatic communities are classified according to the ―beneficial 
uses‖ (similar to the U.S. Environmental Protection Agency [EPA]‘s ―designated uses‖) that they 
should be able to provide to people. Determination of these uses takes into account a water 
body‘s value and suitability for various uses in light of its physical, biological, and chemical 
characteristics; its geographic and geologic setting; economic considerations; and aesthetic 
qualities (U.S. EPA 2009b). Minnesota has seven classes of beneficial uses (numbers do not 
imply a ranking of importance): 
 
 drinking water – Class 1 
 aquatic life and recreation – Class 2 
 industrial use and cooling – Class 3 
 agricultural use, irrigation – Class 4A 
 agricultural use, livestock and wildlife watering – Class 4B 
 aesthetics and navigation – Class 5 
 other uses – Class 6 
 limited resource value waters – Class 7 

 
All groundwater is designated as Class 1 in Minnesota. All surface waters are protected for 
multiple uses. Most surface waters are designated as Class 2. About 150 river reaches are 
designated as Class 7. All Class 2 and Class 7 waters are also protected for Class 3, 4A, 4B, 5, 
and 6 uses. Additionally, some surface waters are protected for Class 1 use. Classes 1–4 are 
further divided into subclasses based on particular use considerations, such as whether a stream 
is a cold-, cool-, or warm-water fishery.  
 
Class 1 standards parallel EPA‘s drinking water standards. Class 2 standards have three parts: 
chronic standards (i.e., the highest long-term concentration with no harmful effect), maximum 
standards (to protect aquatic organisms from short-term spikes in concentration), and final acute 



Minnesota Water Sustainability Framework 
Minnesota Water Quality 
January 2011 
 

 6 

value (the concentration that would kill about half of the exposed individuals of a sensitive 
aquatic species). For a given pollutant, Class 2 chronic standards are often as restrictive as the 
concentration needed to protect drinking water supplies (MPCA 2010b). 

 
The nondegradation portion of Minnesota water quality standards is meant to protect waters that 
have water quality that is better than applicable standards. The goal is to maintain that existing 
high quality and not to allow it to deteriorate to the standard. Minnesota follows the federal 
framework of nondegradation, which uses three tiers: 
 
 Tier 1 - At a minimum, waters should meet water quality standards; existing and attainable 

beneficial uses should be protected. 
 Tier 2 - Water bodies 

whose water quality is 
better than standards have 
this higher quality 
protected, unless there is 
a social and economic 
need to degrade the 
waters down to the level 
of the standards 

 Tier 3 - Waters identified 
as very high quality or 
ecologically sensitive or 
unique, and those that 
provide important 
recreational resources, are 
provided the highest level 
of protection (e.g., 
outstanding resource 
value waters) (MPCA 
2010b). 

 
Minnesota is revising its 
water quality standards to 
include a tiered aquatic life 
use (TALU) framework for 
rivers and streams. The 
TALU framework is 
developed from a biological 
condition gradient model that 
is based upon the idea that 
increasingly stressed water 
bodies will have decreasingly 
healthy biological communities. The TALU will incorporate biological standards, the natural 
variability of water bodies, and ―reference‖ conditions of undisturbed water bodies, along with 
assessment of whether a water body should be considered to be a high-quality water resource, a 

Figure 1. Basins and ecoregions of Minnesota. (MPCA 2008a.) 
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modified or limited water resource, in order to improve water quality assessments and 
management (MPCA 2010c). 
 

C. Water Quality Assessment  

 

Ecoregions are areas within which land use and water resources are similar, based on 
considerations such as reference lake conditions, assessed lake conditions, lake morphometry, 
lake-user perception, lake ecology, and typical trophic status (MPCA 2008a). Minnesota has 
seven ecoregions: Northern Lakes and Forests (NLF), Northern Minnesota Wetlands (NMW), 
North Central Hardwood Forests (NCHF), Western Corn Belt Plains (WCBP), the Red River 
Valley, the Driftless Area, and the Northern Glaciated Plains (NGP) (see figure 1) (Heiskary 
1997). 

 
In Minnesota, ecoregions-specific water quality criteria are defined, by which associated water 
bodies are assessed to determine whether designated uses are being obtained. For example, 
Minnesota Rules, part 7050.0222, defines phosphorus, chlorophyll, and transparency criteria for 
various ecoregions regarding support of aquatic life, aquatic consumption, and/or other human 
contact uses; these criteria are based on the natural conditions and likelihood of attaining 
designated uses within each ecoregion (see Table 1 for phosphorus criteria).  
 
The more forested regions of Minnesota, such as the NLF and NMW ecoregions, tend to have 
higher percentages of lakes fully supporting designated uses than the areas with less forest. The 
WCBP and NGP regions tend to have high percentages of waters not supporting aquatic 
recreation, while the NCHF transitional region tends to have mixed support (MPCA 2008a). 
Non-attainment of standards in WCBP and NGP lakes tends to be due to agricultural phosphorus 
runoff. Often these are shallow lakes, and their likelihood of improvement is questionable. In 
non-attaining NLF areas, a current or historical point source such as a WWTP is often a factor. 
In the NCHF region, non-attaining lakes are often shallower than the norm, and they often have a 
source of excessive phosphorus such as a nearby WWTP, feedlot, manure application, 
agricultural use, or imperviousness. 
 

Table 1. Minnesota lakes total phosphorus criteria. (Heiskary 1997) 
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Before European settlement, the area that is now Minnesota was home to waters ranging in 
condition from naturally oligotrophic (low nutrient levels and plant productivity, high clarity) to 
naturally eutrophic (high nutrients and plant productivity, low clarity). Minnesota‘s shallow 
lakes, especially those in the southwest, were naturally eutrophic. Natural occurrences of arsenic, 
salt, methane, radon, and dissolved solids were found in ground water in certain areas of the state 
(Swackhamer et al. 2007). Natural factors that affect water quality, such as precipitation, 
evapotranspiration, air temperature, geology, and drainage characteristics, differed along a 
general northwest to southeast gradient.  
  
Today, people have major impacts on water quality in Minnesota. The greatest effects occur in 
areas with the greatest human population densities or where natural land cover has been most 
disturbed. Water quality is relatively undisturbed in less developed forested areas, although 
impacts have been observed (Stark et al. 2000) 
 

D. Drivers of Water Quality Change 

 
Three major drivers of water quality change are human-induced climate change, demographics, 
and land uses. They are briefly described in this section, in order to set the stage for the 
following sections that discuss the water quality issues that stem from particular stressors exerted 
by these drivers.  
 
Climate Change  

  
Recent climate trends in Minnesota include warmer temperatures (skewed to winter and 
nighttime increases); increased frequency of heat advisories induced by tropical dew points 
during summer; and amplified hydrologic variation (precipitation, lake levels, instream flows, 
and soil moisture). Globally, equatorial areas are predicted to get drier, while high latitudes are 
predicted to be wetter (Seeley 2009). The frequency of intense precipitation is also predicted to 
increase.  
 
Climate change can have physical, chemical, and biological impacts on ecosystems. These 
climate change impacts will interact with the other drivers, affecting how water bodies support 
ecological services, human uses, and aquatic life (Likens 2009). For instance, changing 
temperature and precipitation may result in changing land use and land cover. These factors 
would exert combined effects on runoff patterns and soil disturbance, which may increase 
sediment, nutrient, and contaminant inputs to surface waters. Increased temperatures will 
enhance summer lake stratifications and productivity, leading to increased eutrophication of 
surface waters. Changing climate may also affect the distribution and abundance of species, 
including invasive species, causing further stresses to food webs. Climate change now poses the 
greatest threat to water temperatures for fish communities (Swackhamer et al. 2007). 
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Figure 2. Projected population change percentages in 
Minnesota counties, 2005–2015. (McMurry 2009.) 
 

Demographics 

Increasing human population and 
changes in population distribution are 
major drivers of water quality changes in 
Minnesota. While Minnesota‘s 
population growth has slowed in the 
2000s compared with the 1990s, our 
population is still increasing. Changes in 
age demographics and economics will 
place more strain on public services and 
make it more difficult for governments to 
raise revenue (McMurry 2009), which 
may in turn affect the level of protection 
that water resources are provided. A 
primary demographic issue is the 
increased development of second homes 
along Minnesota‘s shorelines; population 
in Minnesota‘s ―lake-rich‖ counties is 
expected to increase an average of 35% over the next 25 years (Radomski 2009) (see figure 2). 
 
Land Use 

Human activities cause physical, biological, and chemical changes to land, water, and the 
atmosphere that impact water quality. The clearing and conversion of land to agriculture and 
urban/suburban development (figure 3) has had direct and indirect impacts on water resources 
(Swackhamer et al. 2007). Land uses and activities with major water quality impacts include 
deforestation, agriculture, urbanization, grazing, damming, irrigation, channelization, wetland 
drainage, mining, and recreation (Johnson 2010). 

 

 

 

 

 

 

 

 

 

  

Figure 3. Presettlement (left) and 1990s (right) land use types across Minnesota (Leuthe et al. 2010.) 
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E. Water Quality Issues (Problems) 

 
Surface and groundwater systems are highly interconnected, so changes to one part often 
reverberate through others (Swackhamer et al. 2007). Categories discussed herein include 
cultural eutrophication, toxic chemical contamination, changes to traditional parameters, and 
biological changes. 
 
Cultural Eutrophication 

 

Most water quality complaints received by MPCA regard excessive nutrients (MPCA 2000), 
which can cause increased plant productivity and lead to eutrophication (nutrient enrichment) of 
surface water. Nutrients are the primary impairment in 81% of impaired lakes nationwide 
(MPCA 2008b). While some lakes are naturally eutrophic, human activity has massively 
impacted lake productivity. Cultural eutrophication is a term used to refer to eutrophication 
resulting from human pressures. 
Definitions. Eutrophication is a process of enrichment of waters, whereby increases in plant 
nutrients, primarily nitrogen and phosphorus, stimulate increased primary productivity 
(photosynthetic growth) of planktonic (floating) algae, periphytic (attached) algae, and 
macrophytes (macroscopic plants) (Istvánovics 2009; Smith 2009).  An international survey in 
the early 1990s indicated that 40% to 50% of world lakes and reservoirs are eutrophic 
(Istvánovics 2009).   
 
The trophic state concept categorizes surface waters based on their nutrient supply. Trophic 
states range from oligotrophic (low-nutrient waters with low productivity and biomass) to 
hypereutrophic (extremely nourished with high growth and biomass). Different nutrient, plant 
growth, and water transparency characteristics are associated with the different trophic states 
(see Table 2). Changes to trophic state are often paired with shifts in physical, chemical, and 
biological components that affect biological communities and human uses.  

  
Nutrient Drivers of Eutrophication. Nitrogen (N) and phosphorus (P) are the nutrients that 
most commonly limit plant growth in Earth‘s ecosystems. Freshwater systems tend to be P 
limited, while marine systems are N limited. 
 

Phosphorus. P is the nutrient of greatest concern in Minnesota (Swackhamer et al. 2007). Natural 
sources of P to aquatic systems include atmospheric deposition and weathering of rocks. Humans 
mine and extract P from rocks for use in fertilizers, detergents, and other compounds. Fertilizers 
applied to land, and wastewater from humans and livestock have greatly enhanced the amount of 
available P in many inland waters (Caraco 2009). Figure 4 shows annual estimates of nonpoint-

Table 2. Water quality characteristics of four trophic state categories in lakes. (Likens 2009) 
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source and point-source P inputs to Minnesota‘s surface waters. Note that major NPSs include 
cropland, pastures, urban and rural runoff, atmospheric deposition, and septic systems (Stark et 
al. 2000; Barr Engineering Co. 2004). P inputs tend to be higher from agricultural lands than from 
other lands (MPCA 2008b). Major Point-source P inputs include WWTP effluent, industrial 
processing effluent, and stormwater (Swackhamer et al. 2007).  Phosphorus occurs in the 
environment predominantly as phosphate (PO4).  
 

Nitrogen. N‘s aqueous environmental forms include dissolved nitrogen gas, nitrite, nitrate, 
ammonium, and ammonia. The dominant N source for most inland waters is ammonium and 
nitrate from upstream surface and groundwater. Precipitation, rural and urban runoff, and 
wastewater treatment plants are also important sources (Cotner 2010).  
 

Effects. Eutrophication‘s primary effects on a water body include changes in primary producers 
(e.g., replacement of macroscopic plants by blue-green algae) and changes in consumers, such as 
the favoring or suppressing of different zooplankton, alterations of seasonal patterns of species 
prevalence, and the reduction of species diversity (Istvánovics 2009).   

 
Eutrophication often enhances lake productivity.  Increased biomass reduces light availability to 
the hypolimnion (the lower level of a stratified lake) as floating algae become predominant. 
Reduced photosynthesis in the hypolimnion due to light inhibition, and increased oxygen 
consumption due to decomposition of increased amounts of sinking biomass, result in hypoxia 
(lack of dissolved oxygen) in the hypolimnion, thus ―choking‖ out organisms that rely on oxygen 
for survival. 
 

Figure 4. Estimated annual P contributions to surface waters  in Minnesota from various sources 
(Barr Engineering Co. 2004.) 
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Impacts to aquatic life and human uses include increased drinking water treatment costs, noxious 
taste or odor, reduced food web stability, increases in fish kills, toxic effects to people or 
animals, reduced water transparency, diminished aesthetics, increased frequencies of nuisance or 
harmful algae blooms, and changes to sediment-water, water–food web, and air-water cycling of 
contaminants such as PCBs and mercury (Istvánovics 2009; Smith 2009; Smith and Schindler 
2009).   
 
Increased algal chlorophyll is associated with reductions in sport fish and increases in bottom-
feeding fish; increasing agricultural extent is correlated with an increased prevalence of lake 
eutrophication and associated reductions in habitat quality and biodiversity (Istvánovics 2009).   
 
In Minnesota, sport fish that tend to be successful in oligotrophic lakes include walleye, lake 
trout, and smallmouth bass; sport fish successful in mesotrophic (moderately productive) lakes 
include walleye, bluegills, northern pike, and largemouth bass. In eutrophic lakes, walleye tend 
to disappear and species like carp become common and sometimes dominate the fish community 
(Swackhamer et al. 2007).  
 
Associated Considerations. Factors such as suspended solids, color, salinity, hydrology, aquatic 
vegetation, and food web structure can reduce, enhance, or otherwise modify the impacts of 
eutrophication. For example, suspended solids or color can limit subsurface light and thus result 
in lower growth rates than what would be expected based on nutrient concentrations. Also, 
phosphorus is commonly bound to sediment.  High populations of bottom-feeding fish can 
promote movement of phosphorus from bottom sediments into the water column, thus further 
increasing the availability of nutrients for algal growth.  

 
Toxic Chemical Contamination 
 
Surface water and groundwater can be chemically impacted by human activities such as 
transportation, urbanization, agriculture, industry, and fossil fuel combustion.  In the United 
States, water quality criteria for the protection of human health and aquatic life have been 
developed for approximately 150 contaminants under the CWA and the SDWA (Likens 2009). 
Although some areas of Minnesota are underlain by natural geologic sources of metals and other 
ions that can affect groundwater, most aquatic pollution by hydrocarbons, synthetic organics, 
heavy metals, and other toxins results from human activities (Echols et al. 2009). 
 

While rarely acutely toxic at environmental concentrations, contaminants such as metals, organic 
contaminants, ammonia, nitrates, pharmaceuticals, and endocrine-disrupting chemicals may exert 
sublethal effects on fish and other aquatic life through subtle physiological, biochemical, and 
genetic changes affecting growth, reproduction, and mortality (Swackhamer et al. 2007).  Some 
can accumulate in sediment, from where they can harm aquatic food webs (MPCA 2008b). 
 
The following chemicals or classes of chemicals are mentioned because they have been 
identified in Minnesota surface water or groundwater and have actual or potential impacts on 
human health or aquatic life. With the exception of nitrate, chloride, and the CECs, all were 
identified under the Resource Conservation and Recovery Act (RCRA) as ―persistent, 
bioaccumulative, and toxic‖ (PBT) (U.S. EPA 2010d); many remain on EPA‘s ―31 priority 
chemicals‖ list (U.S. EPA 2009d).  As the name implies, PBTs are long-lasting in the 
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environment, are toxic, and accumulate in biological material to levels that can cause a range of 
human impacts, including reproductive, developmental, neurological, genetic, and carcinogenic 
effects. While point-source reductions have substantially reduced inputs of PBTs, nonpoint 
sources, including air emissions from industry, vehicles, open burning, mining, and landfills, still 
contribute (MPCA 2000a).  
 
Legacy Organic Chemicals. Legacy organic chemicals include hydrocarbons resulting from 
petroleum and coal use, such as solvents, fuels, polycyclic aromatic hydrocarbons (PAHs), and 
synthetic organic compounds such as pesticides, polychlorinated biphenyls (PCBs), 
polybrominated diphenyl ethers (PBDEs), and perfluorinated chemicals (PFCs). Hydrocarbons 
and other organics are ubiquitous in commercial, industrial, and highway runoff (MPCA 2000c); 
can accumulate in and be resuspended from sediment; and can be toxic to human and aquatic life 
at relatively low concentrations.  
 
Organic solvents. Organic solvents are used in many industrial processes, household products, 
and dry cleaning. They are often volatile (evaporate readily), and thus may not pose significant 
threats to surface waters; however, they can pose threats to groundwater when spills or leakage 
occur. Some common solvents are trichloroethylene (TCE), tetrachloroethylene, chloroform, 
dichloromethane, and the BTEX components of gasoline (benzene, tert-butyl ether, 
ethylbenzene, and the xylenes). 
 
Polychlorinated Biphenyls. PCBs are industrial chemicals that were produced as various 
mixtures and sold in the U.S. from 1930 to 1977. They have been used in many applications, 
including electrical components, hydraulic fluids, and manufacturing additives. Their useful 
qualities—low water solubility, low vapor pressure, high stability, and high solubility in lipids 
and organic solvents—also render them environmentally problematic. PCBs have persisted in the 
environment for decades since their production was banned by EPA; they have been detected in 
soil, surface water, air, sediments, plants, and animal tissues worldwide. PCBs tend to 
accumulate in sediments that may then serve as reservoirs from which PCBs may be released 
over time. 
 
The lipophilicity of PCBs results in bioaccumulation in food webs, with biomagnification at 
higher food web levels (piscivorous fish and birds). Concentrations of PCBs in aquatic 
organisms may be from 2,000 to more than 1 million times greater than in the surrounding water. 
PCB studies in animals have shown toxic effects to the liver, gastrointestinal system, blood, skin, 
and endocrine system, along with carcinogenic and other adverse immunological, neurological, 
and reproductive effects. EPA classifies PCBs as probable human carcinogens (U.S. EPA 2008). 
While detection in fish tissues has been frequent (91% of monitored sites in 1984), the National 
Contaminant Biomonitoring Program found a decreasing trend in concentrations from 1976 
through 1984 (total PCBs 1976: 0.89 ppm vs. 1984: 0.39 ppm) (U.S. EPA 1999). PCB levels in 
MN continue to slowly decline (MDH 2010b). 
 
Polycyclic Aromatic Hydrocarbons. Several PAHs are known mutagens or carcinogens, and 
others have acute aquatic life toxicity. Mixtures of PAHs are ubiquitous in the environment 
(Echols et al. 2009). For example, PAHs have been detected in stream sediments in the Red 
River basin at levels thought to affect aquatic life (Stoner et al. 1998). The major environmental 
sources are incomplete fossil fuel combustion, coal combustion, and open burning. Secondary 
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sources include coal gasification wastes; stormwater runoff that is carried over fuel or oil spills 
or over asphalt; creosote wood preservative; and natural sources such as oil seeps, bitumen, 
forest fires, and volcanoes. 

 
Perfluorinated Chemicals. PFCs are a family of chemicals that have been used to make products 
resistant to heat, oil, stains, grease, and/or water. PFCs were not regulated in the past, and have 
been used in many consumer and industrial products. They persist in the environment (MDH 
2010a; MPCA 2009). The three PFCs of concern in Minnesota are perfluorooctanoic acid 
(PFOA), perfluorooctane sulfate (PFOS), and perfluorobutanoic acid (PFBA). PFOA and PFOS 
are known to bioaccumulate, while less is known about PFBA. Animal studies have shown that 
varying exposures to high concentrations of these three compounds can adversely affect the liver 
and other organs, affect development, or be carcinogenic. Studies of 3M workers exposed to 
PFOS and PFOA have not shown health impacts due to exposure; few other human studies have 
been published. MDH published a Health Based Value (HBV - a concentration that is likely to 
pose little or no risk) for PFBA of 7 parts per billion (ppb) in 2008. 

 
Pesticides. The primary driver of pesticide 
use is land use that includes turf 
management, roadside maintenance, and 
industrial, commercial, and residential 
uses (Swackhamer et al. 2007). 
Minnesota‘s largest potential pesticide 
impacts to water come from land 
application of herbicides in farm 
fields, orchards, rights of way, and 
residential landscapes (VanRyswyk 
and Tollefson 2008). See Figure 5 for 
pesticide concentrations near different 
land use types in Minnesota. The use 
of organochlorine pesticides use has 
largely ceased in developed countries, 
but they are used elsewhere, and are 
still widely detected in environmental 
samples. Organochlorines are 
persistent and are generally lipophilic; 
thus, they tend to bioaccumulate and 
biomagnify.  

 
Organophosphate pesticides (e.g., malathion, parathion, chlorpyrifos, and diazinon) have 
replaced organochlorines. They generally have higher mammalian toxicities but lower 
environmental persistence than organochlorines. However, persistence of degradates can be an 
issue. Pesticides found together may exhibit a combined toxicity (Gilliom et al. 2006).  

 
Pyrethins/pyrethroids are a neurotoxic class of pesticides that are commonly used in agriculture 
and for domestic purposes such as mosquito, flea, and tick control. They are highly toxic to fish, 
but their rapid breakdown in air and light, and their affinity for soil and sediments, gives them 
low mobility and persistence in water.  

Figure 5. Pesticide concentrations (total pesticides 
(blue) and atrazine and its degradates (purple)) in 
MN lakes with different associated land uses in 
2007 (VanRyswyk and Tollefson 2008). 



Minnesota Water Sustainability Framework 
Minnesota Water Quality 
January 2011 
 

 15 

 
Pesticide transport to water occurs primarily 
via runoff and secondarily via rainwater. 
Some compounds are quite soluble and will 
move with water, while other less soluble 
compounds are transported with eroded soil. 
Groundwater is susceptible to contamination 
by water-soluble compounds; groundwater 
contamination by pesticides is generally of 
greater concern than surface water con-
tamination in Minnesota (Swackhamer et al. 
2007). Shallow groundwater beneath agri-
cultural and urban areas is more likely to be 
contaminated with pesticides than deeper 
aquifers. 
 
Agricultural and urban non-point sources are 
the dominant sources of pesticides found in 
streams and groundwater (Gilliom et al. 
2006). A National Water Quality 

Assessment (NAWQA) study of streams 
across the U.S. found that 56% of sampled 
streams exceeded at least one aquatic life 
―benchmark‖ (a value derived for the 
study from U.S. EPA guidelines, toxicity 
values from risk assessments, and other 
sources) for pesticides (Gilliom et al. 
2006). In urban areas, 83% of streams and 
70% of sediments exceeded at least one 
benchmark; in agricultural areas, 57% of 
streams and 31% of sediments exhibited a 
similar exceedance (see Figure 6). Figure 
7 displays exceedances of low and high 
fish tissue benchmarks in streams 
associated with different land uses. 
Drinking water criteria for pesticides were 
exceeded in about 10% of agricultural 
streams, 7% of urban streams and 1% of 
wells. The most frequently detected 
agricultural herbicides were atrazine, 
metalochlor, cyanazine, and acetochlor. 

Urban herbicides (simazine, 2,4-D, diuron, prometon, tebuthiuron) and insecticides (diazinon, 
chlorpyrifos, and carbaryl) were often detected at higher concentrations in urban areas than 
agricultural herbicides were in agricultural areas.  

 
Pesticides in Minnesota. Pesticide loading of surface and groundwater in Minnesota is primarily 
associated with agricultural production zones (see figures 5 and 8 (Swackhamer et al. 2007). A 

Figure 7. Streams with organochlorine pesticide 
concentrations greater than wildlife benchmarks 
for whole fish. (Gilliom et al. 2006). 

 

Figure 6. Streams with pesticide concentrations 
greater than aquatic-life benchmark for water 
and bed sediment. (Gilliom et al. 2006.) 
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2007 study of 37 pesticides and 
degradates in 53 Minnesota lakes 
reported one or more pesticides in 91% of 
samples (VanRyswyk and Tollefson 
2008).  Atrazine and its degradates have 
been detected in a majority of surface and 
groundwater samples from agricultural 
areas, and were detected in 10 of 71 
drinking water wells statewide 
(VanRyswyk and Tollefson 2008). 
Metalochlor has been detected in a 
majority of surface water samples and is 
frequently detected in groundwater 
samples from agricultural areas (Gilliom 
et al. 2006). Alachlor has high detection 
rates in groundwater samples from 
Minnesota‘s agricultural areas. A 2005 
sample of 62 private Dakota County 
wells reported an 82% detection rate of 
nitrates or pesticides, with 9% of samples 
exceeding drinking water standards in 
both categories (VanRyswyk and 
Tollefson 2008). 

 
Chemicals of Emerging Concern. Chemicals of emerging concern (CEC) are so called because 
they have recently been discovered in environmental systems; have potentially deleterious 
effects at environmentally relevant concentrations; and are not currently included in routine 
monitoring programs (OW/ORD Emerging Contaminants Workgroup 2008). They are not 
necessarily new chemicals, but their presence and significance is only now being evaluated. 
They can enter the environment through consumer products; solid waste disposal and landfill 
leaching; agricultural, livestock, and urban runoff; residential and industrial wastewater; and 
atmospheric deposition (MPCA 2008a).  
 
CECs include persistent organic pollutants such 
as PBDEs and PFCs; pharmaceuticals and 
personal care products (PPCP) such as 
prescription and nonprescription drugs, 
sunscreens, musks, and anti-bacterials; and 
veterinary medicines. Some CECs are endocrine-
disrupting chemicals (EDCs).  Toxicological 
outcomes of chronic or acute exposure to CECs 
are generally not fully understood, but many 
EDCs have demonstrated impacts such as intersex 
and reproductive failure in aquatic vertebrates at 
very low concentrations. 

 

Figure 8. Total pesticides plus degradates 
concentrations detected in Minnesota groundwater 
samples. (MPCA 2007.)  

 

Figure 9. Detection frequencies of  11 
endocrine-disrupting pesticides in 139 
urban and agricultural streams (Gilliom et 
al. 2006). 
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Endocrine-Disrupting Chemicals. EDCs can 
exert subtle molecular, cellular, and organismal 
effects that affect reproductive fitness and 
community composition (Ferrey et al. 2010). 
Ethinylestradiol, the synthetic hormone in birth 
control pills, can cause dramatic population 
changes in fish at 5 parts per trillion (ppt, 
equivalent to nanograms per liter) in surface 
water, and can cause vitellogenin (a protein 
precursor to egg yolk that is normally found only 
in females) production in male fathead minnows 
at less than 1 ppt (Brian et al. 2005). A NAWQA 
study found that 11 pesticides that have been 
identified as likely EDCs were frequently 
detected in urban and agricultural waters in the 
U.S. (see figure 9) (Gilliom et al. 2006). 
Suspected or known EDCs include synthetic 
estrogens, natural estrogens, and compounds such 

as alkyl phenols and ethoxalates, bisphenol-A, and some phthalates, organochlorine pesticides, 
and PPCPs. To illustrate the proposed link between certain pesticides and endocrine disruption, 
figure 10 shows the correlation between estrogen/testosterone ratios in carp and aqueous 
pesticide concentrations of 11 U.S streams sampled in the NAWQA study (Gilliom et al. 2006). 

 
EDCs in Minnesota. Agricultural operations, paper mill effluents, landfill leachate, municipal 
incinerators, biofuel operations, and WWTP and subsurface sewage treatment system (SSTS) 
effluent are all potential sources of EDCs in Minnesota (Ferrey et al. 2010).  
 

Studies in Minnesota have found widespread, low concentrations of CECs and EDCs in surface 
water, groundwater, and drinking water, especially near WWTPs, along with signs of adverse 
aquatic impacts (Ferrey et al. 2010; Kolpin et al. 2002). MPCA found EDCs in lake water and 
lake sediments throughout Minnesota independent of land use, including lakes that were 
considered undisturbed. Water samples from over 50% of assessed lakes and rivers contained 
one or more EDC; bisphenol-A was found in the sediment of 82% of lakes and 57% of rivers. 
Male fish tissues in several lakes and rivers exhibited vitellogenin. Urban lake fish had the 
highest occurrence of intersex (Ferrey et al. 2010).  
 

Polybrominated Diphenyl Ethers. PBDEs are chemicals that are added to plastics and other 
products to reduce their flammability (MPCA 2008a). They are ubiquitous in the environment, 
and the detected concentrations are increasing. Dietary intake is assumed to be the primary route 
of human exposure. PBDEs have been detected in rivers, lakes, sediment, indoor and outdoor air, 
food, sewage sludge, fish, birds, mammals, and people. PBDEs have been associated with 
endocrine disruption, reproductive toxicity, cancer, and developmental neurotoxicity in animal 
studies (MPCA 2008a). They are bioaccumulative and more resistant to degradation than PCBs 
(Oliaei 2005). Studies in Minnesota have found significant concentrations of PDBEs in fish and 
sediments from Minnesota‘s river basins and Lake Superior. 

 

Figure 10. Correlation of carp hormone 
levels with pesticides in 11 U.S streams. 
(Gilliom et al. 2006). 
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Metals. Sources of toxic metals to aquatic environments include metal mining, industrial 
processes, coal-fired power plants, and other activities (Echols et al. 2009). EPA priority 
pollutants that fall under this category include mercury, cadmium, chromium, lead, copper, zinc, 
nickel, arsenic, and selenium (U.S. EPA 2009d). Of these, mercury and arsenic are the two most 
commonly occurring in Minnesota‘s environment at levels of concern. 
 
Mercury. Mercury pollution of freshwater is a global problem. Sources of mercury include coal-
fired power plants, mining wastes, farms, chlorine production facilities, and waste incineration 
facilities. Mercury can be released in its elemental 
form or in various compounds. When sulfate-
reducing bacteria are present in aquatic systems, 
they convert oxidized forms of mercury to 
methylmercury, which biomagnifies in food webs 
and which typically constitutes about 90% of 
the mercury in fish. Methylmercury is a 
neurotoxin that can sicken and kill fish. It also 
causes developmental central nervous system 
defects in humans.  

 
Mercury is ―the contaminant of primary 
concern‖ in Minnesota‘s surface waters 
(Swackhamer et al. 2007). Mercury accounted 
for about two-thirds of the listings on 
Minnesota‘s 2006 impaired waters list (MPCA 
2010a). Nearly all mercury pollution in 
Minnesota comes from atmospheric deposition. 
About 60% of atmospheric mercury deposited in 
Minnesota comes from out-of-state 
anthropogenic emissions, about 30% is due to 
natural processes, and about 10% comes from 
anthropogenic air emissions originating from 
within Minnesota. Of the anthropogenic 
emissions originating within Minnesota in 2005, 
an estimated 56% was from energy-related 
sources, 21% was from mercury products, and 22% was from taconite processing (MPCA 2005).   

 
Mercury concentrations in fish depend on land use and land cover. These factors influence water 
chemistry, nutrient loading, and mercury transport; all of which affect mercury‘s bioavailability.  
 

Arsenic. Arsenic is a metal that often occurs naturally in rocks and soil. Human sources of 
arsenic include mining, petroleum production, coal combustion, lumber treatment, and past use 
of pesticides. Transport in groundwater is a complex process resulting in varying local 
occurrences. Arsenic can have acute human toxicity and is also classified as a known human 
carcinogen. EPA recently lowered the Maximum Contaminant Level (MCL) for arsenic from 50 
ppb to 10 ppb. Much of Minnesota‘s arsenic occurrence is the result of natural processes. See 
figure 11 for statewide groundwater sampling results for arsenic from 1992-1996. 

 

Figure 11. Arsenic detections in MPCA‘s 
―Baseline Water Quality in Minnesota‘s 
Principle Aquifers‖, a study of 954 wells across 
the state from 1992-1996 (MPCA 1998). 
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Chloride. Background concentrations of chloride and total dissolved solids (TDS, a measure of 
salinity) in groundwater can be very high in the extreme western, northwestern, and 
southwestern areas of Minnesota (MPCA 2008a), to the point of being saline. In the rest of the 
state, chloride‘s generally low background levels (statewide median = 2.4 mg/L) and high 
prevalence in agricultural chemicals, road salt, and industrial, municipal, and concentrated 
animal feeding operation (CAFO) effluent make it a useful indicator of human impacts to 
groundwater. MPCA found that urban areas such as the Twin Cities, St. Cloud, and Rochester 
had clearly impacted (25 to 150 mg/L) or elevated (over 150 mg/L) chloride concentrations. A 
NAWQA study noted that Minnesota‘s urban streams frequently exceed the 230 mg/L aquatic 
life criterion (Stark et al. 2000). 

 
Volatile Organic Compounds. Volatile organic 
compounds (VOCs) evaporate readily at normal air 
temperature. Fuel oils, gasoline, solvents, paints, 
and dyes are major VOC sources. Other sources 
include pesticides, printers, adhesives, and 
permanent markers. Improper storage or disposal 
as well as leaching and atmospheric deposition can 
result in groundwater contamination. Chloroform, 
a common VOC byproduct of well disinfection, is 
mobile, persistent, and toxic. 

 
Different VOCs have different health effects. 
Chlorinated VOCs (commonly associated with 
commercial and industrial use) are generally more 
toxic and persistent than other forms; many 
chlorinated solvents are known or suspected 
carcinogens. If more than one VOC is present, 
cumulative health effects are possible. The most 
frequently detected VOCs in Minnesota are 
hydrocarbons associated with gasoline, and 
chlorinated solvents and their degradates. 

 
MPCA found VOCs in 21 of 24 monitoring wells near St. Cloud.  During 2004 sampling, VOCs 
were detected in about 20% of  the 90 wells sampled by MPCA statewide; 40% of detections 
were less than 1 ppb and 75% were less than 10 ppb. Two samples contained chlorinated solvent 
concentrations that exceeded the health risk limit (HRL) for VOCs. HRLs vary amongst VOCs; 
HRLs for chlorinated VOCs are generally below 30ppb (MPCA 1999a). VOCs were detected in 
28% of (shallower, more susceptible) monitoring wells and 15.5% of (deeper, less susceptible) 
drinking water wells during the above-mentioned sampling (MPCA 2007).   
 
MPCA‘s Statewide Baseline Study of water quality in Minnesota‘s principal aquifers found at 
least one VOC in 11.4% of 954 sampled wells (figure 12, (MPCA 1999a; MPCA 1998).  In a 
groundwater study near St. Cloud, numbers of detections by associated land use were: 
commercial/industrial (63); ―transitional areas‖ where land use had recently converted to either 
commercial or sewered residential (40); sewered residential (32); irrigated and nonirrigated 
cropland as well as nonsewered residential and undeveloped areas had 4 or fewer detections 

Figure 12. VOC detections in Minnesota 
monitoring wells (MPCA 1998). 
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each. Each of these land uses had 3-4 associated monitoring wells that were each sampled an 
equal number of times; the detection number is the number of times any well associated with that 
land use had a VOC detection (Groundwater Monitoring and Assessment Program 2001b). 
Drinking water criteria were exceeded on five occasions (none in drinking water wells). MDH 
studies have indicated that 3%–6% of public water supplies and 2%–4% of all water supplies in 
Minnesota contain detecteble VOCs (MPCA 2007).  

 
Nitrates. Nitrate loading is the most common type of groundwater contamination in Minnesota 
(Swackhamer et al. 2007). Small amounts of nitrate occur naturally in groundwater, but most is 
anthropogenic and enters water via atmospheric deposition associated with coal and gas 
combustion, or by runoff or infiltration associated with land application of manure, septic system 
failure, and urban and rural fertilizer application. In oxygenated groundwater, other forms of 
nitrogen tend to be converted to nitrate, which is stable. In deoxygenated or reducing 
groundwater, nitrogen gas is often produced, which can reduce nitrate‘s impacts on groundwater 
quality.  

 
Nitrate‘s best-known health concern is methemoglobinemia (―blue baby syndrome‖), which is 
associated with a reduction of the blood‘s ability to carry oxygen. Nitrate paired with other 
dietary risk factors may be linked to cancer development and birth defects (Howarth 2009; 
Minnesota Department of Natural Resources, Waters Division 2003). The MCL and HRL for 
nitrate are 10 mg/L. 
 
An MPCA study near St. Cloud found that median nitrate concentrations associated with 
different land uses were: irrigated agriculture (16.0 mg/L), nonsewered residential (6.7 mg/L), 
nonirrigated agriculture (4.2 mg/L), transitional agriculture (4.2 mg/L), sewered residential (2.4 
mg/L), commercial/industrial (2.0 mg/L), and undeveloped (0.5 mg/L) (Groundwater Monitoring 
and Assessment Program 2001b). Many of the wells used in this study were monitoring wells not 
used for drinking water, so these results are not necessarily indicative of drinking water quality 
in these areas.   

 

Ammonia.  Waters polluted with sewage or animal wastes can contain ammonia concentrations 
that are toxic to aquatic animals (Howarth 2009). Land-applied manure and biosolids, septic 
systems, fertilizer application, decaying organic matter, wildlife, and urban and feedlot runoff are 
some potential sources of ammonia. Un-ionized ammonia is highly toxic to aquatic organisms. 
Ammonium (ionized ammonia) can deplete dissolved oxygen as it is converted to nitrate and 
nitrite. 

 
Changes to Traditional Parameters 

 

Water quality stressors can change parameters that are both indicative of and determinate of the 
general health of water bodies, including dissolved oxygen (DO), temperature, sediment, and 
conductivity.  

 
 Dissolved Oxygen. Reduced oxygen availability can alter species composition and affect all 
aspects of fish survival, including growth, reproduction, behavior, migration, and habitat 
(Wilhelm 2009). Temperature, photosynthesis, decomposition of organic matter, and other 
chemical reactions affect dissolved oxygen (MPCA 2008b). Rapid runoff, common in 
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agricultural and urban areas, often contains more oxygen-demanding substances than runoff in 
natural areas, where slower runoff velocities allow more retardation and settling of materials 
before they enter surface waters.  
 

 Temperature. Alteration of flow velocities and pathways can affect instream temperatures. For 
instance, rapid runoff from warm impervious surfaces (e.g., roads, parking lots, buildings) or 
return flows from cooling towers used in energy production and other industrial purposes can 
raise instream temperatures. Temperature affects the solubility of gases including carbon dioxide 
and oxygen, as well as organismal metabolism, production, and respiration. Increasing 
temperature reduces gaseous solubilities.  A 10°C temperature increase results in approximately 
a doubling of metabolism (Wilhelm 2009). Thus, at higher temperatures, this increased 
respiration paired with decreased solubility can result in oxygen depletion in surface waters.  

 
Temperature changes can significantly impact Minnesota streams, especially cold-water fisheries 
such as trout streams (Anderson et al. 2010). Many species, including sport fish, are acclimated 
to certain temperature ranges, the variation of which may result in population declines or 
complete kill-offs that can then have cascading effects throughout the ecosystem. Rapid 
temperature changes can have a ―shock‖ effect on organisms (Wilhelm 2009). Long-term 
temperature changes can cause changes in growth, reproduction, and mortality, and have varying 
effects specific to different species. 

 
 Sediment. Erosive forces, soil disturbance, and amount of impervious cover are key 
determinants of sediment loading to streams. Changes to sediment quality, deposition, and 
erosion can occur through changes in land use, land cover, hydrology, and eutrophication 
(Likens 2009). Sediment has been labeled the most important pollutant in U.S. rivers and streams 
and is the primary impairment in 60% of impaired rivers nationwide (MPCA 2008b). Primary 
midwestern causes of increased sediment loading are row crop agriculture, livestock grazing, 
timber harvesting, construction, shoreland development, and urban runoff (Swackhamer et al. 
2007).  
 
Soil disturbances such as tillage, grading, construction, compaction, removal of vegetation, and 
reduction of soil organic matter may enhance exposure to erosive forces, and even increase the 
forces themselves, by reducing water infiltration and retardation of overland flow, thus 
increasing surface water flow magnitudes and velocities. Hydromodification can exacerbate this. 
Stream bank erosion accounts for 40%–50% of the sediment delivered to the mouth of the Blue 
Earth River, an area with extensive tillage and agricultural drainage (Swackhamer et al. 2007).  
 
Increased sediment loads decrease water clarity. They also increase: transport of contaminants 
such as pesticides, nutrients, and oxygen-demanding substances; clogging of drainage systems; 
alteration or destruction of aquatic habitat; and channel modification (e.g., straightening, 
scouring, and streambank blowout). Economic, aesthetic, and human health effects are possible. 
A Bemidji State University study found a strong relationship between water clarity and lake 
property values (Radomski 2009). 

 
Phosphorus, pathogens, metals, and other potential pollutants will bind to sediment and be 
transported along with it, especially when the sediment has high fractions of silt or clay. 
Concentrations of metals, some pesticides, CECs, and EDCs are typically higher in sediments 
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than in overlying waters; settled sediments can function as a long-term source of input to the 
water column through mobilization and resuspension.  

 
Sediment can reduce available light for photosynthesis. Reduced water transparency can inhibit 
the reproduction and survival of desirable sport fish, which are often sight-feeding and rely on 
clear, oxygenated water. In contrast, less desirable bottom-feeding fish are often adapted to low-
visibility conditions. Increases in these populations result in increased perturbation of settled 
solids, thereby creating a positive feedback loop that promotes their continued prevalence over 
sport fish.  

 
Sediment can damage respiratory function in aquatic organisms, causing suffocation 
(Swackhamer et al. 2007). Fine silt or sand can impact: submerged aquatic vegetation; habitat for 
sensitive benthic organisms; incubating fish eggs; and spawning habitat for fish such as walleye. 

 

Conductivity. Conductivity is a measure of water‘s ability to transmit an electrical current. It 
depends upon concentrations of inorganic dissolved solids (anions and cations) and temperature. 
Conductivity is affected by the underlying geology. Sedimentary rocks such as limestone tend to 
release more ions when weathered than do igneous rocks such as granite. Anthropogenic 
discharges may raise conductivity (e.g., wastewater from failing septic systems or from poorly 
treated municipal or industrial wastewater may be high in ions), or they may lower it if the 
discharge is more organic in nature, as in the cases of oil spills. High ionic concentrations (e.g., 
high chloride from road salt runoff) can harm freshwater organisms.  

 

 

Biological Changes 

 

Microbial Contamination. Bacteria, viruses, parasites, and other microbes can impact human 
and animal health. Enteric viruses, E. coli, Giardia lamblia, and Cryptosporidium are contained 
in human and animal feces, and can cause gastrointestinal illness in humans (U.S. EPA 2010e). 

 
Sources of microbial contamination in surface and groundwater include inadequate wastewater 
treatment (SSTS or WWTPs), improperly managed manure, and pet and wildlife wastes (MPCA 
2008b), especially in shoreland areas. 

  
Changes to Food Webs.  Removal of nuisance species, removal of native vegetation, and 
overfishing can have direct and cascading impacts on food webs and community composition.   
These activities can result in increased erosion and sediment transport, loss of habitat, altered 
species composition, and other changes that can undermine the health of the biotic community 
and the provisioning of ecological benefits related to water quality. 
 
Establishments of invasive species cause changes, and are themselves changes, to food webs. 
Their impacts are often felt through competition with or consumption of native species. 
Additionally, hybridization with invasive species has been cited as at least a partial cause in 38% 
of fish extinctions in the United States (Keller and Lodge 2009). Invasive species may place a 
large demand upon the energy resources of an aquatic system, effectively reducing the 
availability of these resources for other species in the food web. They also cause economic 
impacts through the loss of valuable species and the fouling of industrial systems.  
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Direct Disturbance to Habitat and Vegetation.   Development near shorelines and within 
watersheds can degrade or eliminate aquatic and riparian habitat. Human activities that affect 
these habitats include shoreland development, urbanization, agriculture, logging, water use, and 
mining (Swackhamer et al. 2007). Direct disturbance occurs through actions such as dredging, 
streambank and channel modification, removal of vegetation, and changes to hydrology.  Habitat 
disturbance can affect reproduction and survival of aquatic species, with reverberating effects 
throughout the food web.  Removal of submerged and shoreline vegetation can increase sediment 
runoff, resuspension, and transport, thereby decreasing water clarity and increasing chemical and 
nutrient transport.  Sensitive, desirable species may lose their niche in a water body with 
increased vegetative and stream bed disturbance.  
 
F. Stressors  

 

―Stressor‖ refers to an activity, alteration, or input that directly affects water quality.  If drivers 
are the ―big picture‖ concepts (land use, demographics, climate), then stressors (e.g., agricultural 
activity, urbanization, septic systems) are the actual activities or landscape changes that result 
from the drivers.  The net results of multiple stressors are the particular water quality issues of a 
given area.  For instance, agricultural activity and urbanization are stressors that result from 
historical developments in demographics and land use (drivers); these stressors contribute to 
issues such as eutrophication and chemical contamination.   
 
Many Minnesota water bodies are in good condition due to having minimal development in 
associated watersheds (MPCA 2008a), although all surface waters are affected by atmospheric 
deposition of mercury. MPCA also notes that most point-source pollution (municipal and 
industrial discharge) has been controlled. Water quality is affected primarily by nonpoint-source 
contributions to surface waters from atmospheric deposition and land runoff, particularly from 
urban and agricultural landscapes. Nonpoint-source pollution affects surface water and 
groundwater and impairs recreation, fish consumption, drinking water use, and support of 
aquatic life (MPCA 2008a).  

 
For rivers and streams nationwide, stressors (sources of impairment), as ranked in order of 
importance by an MPCA survey of water professionals, are (MPCA 2008b): 
 

1. agriculture 
2. hydromodification 
3. urban runoff/storm sewers 
4. municipal point sources 
5. resource extraction 
6. forestry 
7. land disposal 
8. habitat modification 
 

For lakes, the order of importance is: 
 

1. agriculture 
2. hydromodification 
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3. urban runoff/storm sewers 
4. municipal point sources 
5. atmospheric deposition 
6. industrial point sources 
7. habitat modification 
8. land disposal 

 
Groundwater contamination has commonly occurred as a result of improper management of 
nonpoint-source pollution (MPCA 2008b). MPCA surveys of state and federal agency staff 
regarding the primary sources of groundwater contamination in Minnesota indicated the 
following key stressors (not in order of importance): 
 

 animal feedlots 
 fertilizer applications 
 pesticide applications 
 septic systems 
 urban runoff (including road salt, stormwater, and construction activities) 
 irrigation practices 
 underground storage tanks 
 hazardous waste sites 
 industrial facilities 

 
The above mentioned survey results are provided as an introduction to the following discussion 
of stressors relevant to Minnesota‘s surface and groundwater.  Although not presented in 
identical fashion, the reader will note that most of the items listed above will fall under one or 
more of the headings below. 

 
Agriculture 

 

About 40% of Earth‘s land surface has been converted to cropland and pastures. Agriculture is 
the primary stressor of impaired waters in the United States; 64% of impaired rivers and 57% of 
impaired lakes are impacted primarily by agriculture (MPCA 2008b). The primary issues are 
sediment to rivers (60% of impairments) and nutrients to lakes (81% of impairments). The 
Minnesota River, Red River, and Upper Mississippi River watersheds show the greatest degree 
of impairment from agricultural uses among Minnesota‘s major drainage basins (MPCA 2008b).  
 

Agricultural practices have modified riparian areas as well as vegetative cover and hydrological 
flow regimes across landscapes, which has resulted in increased overland flow, instream flows, 
and stream bank erosion. Removal of riparian vegetation has resulted in changes to instream 
water temperature, habitat availability, and light penetration. Increased microbial inputs through 
runoff of land-applied manure are also an issue.  

 

Sediments. Cultivation of crops increases the potential for soil erosion that will have direct 
effects on sediment loading in streams. A Missouri study showed total suspended solids (TSS, 
which relates to waterborne sediment and other solids) loading to be positively correlated with 
increasing crop cover and decreasing forest cover (Jones and Downing 2009). Soil erosion from 
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agriculture is considered a prime contributor of sediment loads to rivers, lakes, estuaries, and 
oceans. In many agricultural areas, sediment is considered the primary water quality issue 
(Likens 2009). Annual row cropping increases erosion because soils are often most exposed 
during spring, when rainfall is highest. Excess nutrients in these erodible soils are also carried to 
streams. Figure 13 shows changes in the amounts of different types of crops planted in 
Minnesota from 1920 to the mid-2000s. Note the increase in acreage of row crops in comparison 
with other crops and pasture. 

 

Hydrology. Removal of natural vegetation allows increased runoff from agricultural areas to 
surface waters. Installation of drain tile and ditches accelerates flows from fields and pastures to 
rivers and lakes. Irrigation is by definition a change to the hydrologic cycle of an area. 
 
Irrigation. Worldwide, about 
40% of crop production comes 
from the 16% of agricultural 
land that is irrigated. Irrigation 
entails major hydrologic 
changes associated with the 
pumping of, and the increased 
infiltration and runoff of, 
irrigated water. Irrigation also 
increases the potential for soil-
water interactions with resultant 
increases in concentrations of 
phosphorus and other chemicals 
in return flows to surface 
waters and groundwater (Jones 
and Downing 2009). Salinization of soils due to accumulation of salts following the evaporation 
of irrigated water is a problem on several continents. Irrigation return flows can carry salts, 
nutrients, and pesticides from cropland to surface waters.  
 
Drain tile. Subsurface tile drainage systems intercept infiltrated water and direct it to surface 
waters. The rapid transport of water off of the landscape can result in more rapid variations and 
higher peaks of instream flows, increased erosion, streambank blowout, and streambed scouring 
that can lead to increased erosion. Transport of sediments and chemicals such as pesticides, 
nitrate, and phosphorous may be enhanced due to the associated bypassing of soil percolation 
and other typical processes in areas where drainage systems are used (MPCA 2008b, Stark et al. 
2000). Each year, 200 million new feet of tile are installed in Minnesota (MPCA 2008b).  
 
Nutrients. Agricultural practices such as land clearing, drain tiling, wetland drainage, and 
fertilizer application result in nutrient loss from agricultural landscapes to streams and rivers. 
Global fertilizer use has increased threefold for phosphorus and eightfold for nitrogen over the 
last 40 years. Non-incorporation of these nutrients into crops can occur for several reasons. For 
instance, fertilizer applications may not coincide with periods of peak growth, or may coincide 
with runoff episodes.  

 

Figure 13. Amount of Minnesota land dedicated to various 
types of crop cover (Swackhamer et al. 2007.) 
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Nitrogen is more likely than phosphorus to be transported in runoff due to the greater mobility of 
its dissolved forms. Howarth (2009) estimated that 20% of nitrogen applied in fertilizer leaches 
into surface or groundwater. Nutrient export from fertilized agricultural watersheds is generally 
much larger than from forests and grasslands. This export varies with vegetative cover, terrain, 
soils, precipitation, connectivity to surface waters, extent of vegetative buffer zones, nutrient 
management, and related agricultural practices. Figure 14 lists estimated annual export rates for 
nitrogen and phosphorus for various land uses and land covers. Figure 15 illustrates the 
correlation between amount of crop cover and (a) total phosphorus and (b) total nitrogen 
concentrations in Missouri and Iowa reservoirs.  

 
Herbicides and Pesticides. Between 1990 and 2004, atrazine was applied to Minnesota‘s corn at 
a rate of about 2 million pounds per year; in 2003, about 45% of Minnesota‘s corn acreage 
received atrazine (MPCA 2007).  Pesticides are commonly detected in water samples from 
agricultural watersheds.  

 

Livestock - Concentrated Animal 

Feeding Operations (CAFOs). About 
70% of crops harvested in developed 
countries are fed to livestock. Livestock 
manure is rich in nutrients, organic matter, 
and pathogens. Wastes from a single 
CAFO can equal the discharge of a 
medium-sized municipality; where CAFOs 
are grouped nearby, the wastes can 
approximate those of major cities (Likens 
2009). 
 
  

Figure 14. Export of nutrients from various 
agricultural practices. (Jones and Downing 2009.) 

 

Figure 15. Relation of (a - left) total phosphorus and (b - right) total nitrogen to percentage 
of crop cover in the catchment areas of Missouri Ozarks, Missouri Plains, and southern 
Iowa reservoirs (Jones and Downing 2009) 
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Where CAFOs are densely concentrated, land application of manure can exceed crop uptake. 
Relative to crop needs, manure is higher in phosphorus than nitrogen; this can result in buildup 
and subsequent leaching of phosphorus in agricultural soils. Heavy metals that are added to feed 
as micronutrients or bactericides (e.g., zinc, copper, and arsenic) can accumulate in soils. Note 
that about one-third of total U.S. antibiotic use is added to animal feed (Likens 2009). 

 
Animal wastes can enter waterways through improper storage or disposal, increasing the in-
stream biological oxygen demand (BOD); concentrations of nutrients, ammonia, and pathogens; 
and possibly antibiotic, hormone, or trace metal concentrations (Likens 2009; MPCA 2008b). 

 
Table 3 shows results of an MPCA study of nutrient transport in groundwater beneath hog and 
cattle CAFOs with different types of manure storage systems (Groundwater Monitoring and 
Assessment Program 2001b). Geomembrane linings (not shown) were found to result in reduced 
groundwater nitrogen levels (55% drop over three years). For reference, aquatic life standards for 
phosphorus in Minnesota range from 0.015 to 0.090 mg/L. The nitrate drinking water standard is 
10 mg/L.  
 

 
 

Urbanization 

 

The percentage of people worldwide living in urban areas has increased from 10% in 1900, to 
29.8% in 1950, to 47.2% in 2000, to an estimated 51.5% in 2010 (Meyer 2009). About 62,000 
acres per year (170 acres per day) were developed in Minnesota between 1992 and 1997 (MPCA 
2008b). Continued development at this rate could double Minnesota‘s developed land in 40 
years.  

  
In 2009, an estimated 73% of Minnesotans lived in urban areas (U.S. Department of Agriculture 
2010). The primary urbanization pressure on water quality is installation of impervious surfaces 
and associated hydrologic and contaminant transport changes. Other important pressures are 
construction activities and the use, combustion, and disposal of nutrients, toxins, fuels, PPCPs, 
and their byproducts through WWTPs, stormwater sewers, incinerators, and landfills.  
 

Table 3. Subsurface nutrient levels near Minnesota CAFOs with different manure 
management structures. (Groundwater Monitoring and Assessment Program 2001b) 
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Physical Changes. Changes in land cover and the hydraulic connectivity of water within urban 
areas can have profound effects on the way water moves through urban landscapes, as well as on 
what that water carries with it. Streamflow is often altered, and significant wetland loss has 
occurred through draining, dredging, and filling. Table 4 shows how changes in impervious 
cover typically affect the infiltration, runoff, and evapotranspiration of water from landscapes. 

Figure 16 shows typical percentages of imperviousness associated with different land uses.  
Sediment/TSS. Inputs of sediment and organic debris are often enhanced in urban areas. Dirt, soil 
disturbed by construction, litter, lawn clippings, and de-icing grit are some sources of sediment 
in urban areas. When roads and buildings are being constructed, sediment is transported into 
streams at rates 5 to 500 times those of undeveloped areas (Minnesota Stormwater Steering 
Committee 2005). Following construction, sediment inputs decline, but accelerated runoff often 
results in increased erosion and channel enlargement.  

 
Hydrology/Runoff. Urbanization is often associated with increased imperviousness and removal 
of perennial vegetation, which decreases infiltration of water into soil and increases rates and 
volumes of water flow in streams. Urban runoff can contain sediments, nutrients, oxygen-
demanding substances, toxins, chloride, bacteria, viruses, and trash/litter, and can cause 
temperature changes (MPCA 2008b). Figure 17 shows how typical pre- and post-development 
stream hydrographs. With increasing imperviousness, much of the water that would normally 
undergo infiltration or evapotranspiration is instead directed to runoff, resulting in more rapid 
attainment of higher in-stream peak flows during storm events, and lower in-stream flows at 
other times.  
 
Even when stream channels are not 
intentionally altered by straightening or 
lining, development has physical effects. 
Urban streams often have reduced sinuosity 
or changes in streambed composition (e.g., 
presence of coarser grains, or ―choking‖ 
with silt and sand). Structural changes in 
river networks also occur: headwater 
channels may be filled, buried, or encased 
in pipes. This altered drainage often 
transports water, sediment, and 
chemical/nutrient components much more 
quickly than natural streams.  

Table 4. Changes in the water budget (fate of precipitation) with increasing impervious cover in 
urban catchments. (Meyer 2009.) 

Figure 16. Typical percent impervious cover 
associated with different land uses. (State of 
Minnesota Storm-Water Advisory Group 
1997.) 
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Indices of biotic integrity (IBI) 
based on benthic invertebrates 
show significant declines when 
impervious surfaces cover 5% to 
18% of a watershed. Fish-based 
IBIs show declines when 
impervious cover exceeds 10%. 
Table 5 shows how impervious 
cover has changed over time in a 
number of Minnesota cities. Figure 
18 shows how impervious cover 
has changed in the Twin Cities 

metro area from 1986 to 2002.  Note the significant proportional increases in imperviousness in 
many areas of the Twin Cities and in many other cities across Minnesota. 
 

 

 

 

 

Table 5. Changes in impervious cover for selected Minnesota cities, 1990–2000 (Bauer 2005.)  

Figure 17. Typical  pre- and post-development stream 
flows (Radomski 2009). 
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Stormwater. Urbanization alters runoff patterns, often resulting in more frequent flooding, and 
more rapid attainment of peak in-stream flows. Meyer (2009) notes that urban peak flows are 
three to four times those of agricultural regions. The Minnesota Stormwater Steering Committee 
(2005) notes that 18-24 month peak flows can be reached several times each year following 
urbanization. Nutrient delivery to waters increases linearly with impervious surface coverage 
under traditional stormwater management. Stormwater runoff is one of the major sources of 
water pollution, responsible for up to 15% of surface water impairments nationwide (Minnesota 
Stormwater Steering Committee 2005). 
 
Temperature. Loss of riparian vegetation, increased runoff from impervious surfaces, increased 
discharge of heated wastewaters, and the urban heat island effect can result in average urban 
stream temperatures being warmer in summer and cooler in winter than in undisturbed streams. 
Temperature increases can be even more profound during summer storms. EPA notes that 100 °F 
asphalt can elevate rainfall temperature from 70°F to over 95°F during runoff (U.S. EPA 2009c). 
 

Chemical Changes. Sources of chemical inputs to urban waters include WWTPs, industrial 
discharges, storm sewers, septic systems, and runoff from lawns, gardens, parking lots, and 
roads. Although pollutant types vary depending on the types of human activity within a 
watershed, urbanization tends to increase aqueous concentrations of both organic and inorganic 
contaminants. Table 6 (next page) illustrates variations in oxygen demand, nutrients, TSS, lead, 
and zinc amongst sites representing different land-use types in the Twin Cities metro area.  
 

Nutrients. Sources of phosphorus in urban areas include eroded soils from construction sites, 
WWTP effluent (especially if stormwater and sewage systems are combined), fertilizer, animal 

Figure 18. Impervious cover and changes to imperviousness in the seven-county Twin Cities 
Metro Area, 1986-2002 (Remote Sensing and Geospatial Analysis Laboratory 2010) 
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wastes, lawn clippings, and leaves. Auto emissions may contribute orthophosphate to streams. 
Fertilizers and WWTPs may contribute nitrate nitrogen to surface water or groundwater. 
 
 

Other Chemicals. Road salt can result in chloride concentrations 100 times greater than 
background levels during summer, with winter concentrations peaking at the equivalent of 25% 
of seawater salinity. Ammonia concentrations can be higher in urban areas than under any other 
land use, although advanced wastewater treatment can result in significant reductions (Mueller 
and Helsel 2009). One-third of the pesticide use in the United States occurs in urban areas. 
Insecticides, herbicides, and fungicides all have high detection rates in urban streams. Some 
urban areas of the United States have higher ambient pesticide concentrations than agricultural 
areas (Gilliom et al. 2006). 

 
VOCs (especially chloroform, trichloroethylene, and tetrachloroethylene) were most commonly 
detected near commercial/industrial areas in Minnesota (MPCA 1999a). Polychlorinated 
biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), and petroleum hydrocarbons are 
also found in urban waters. PAH inputs result largely from discharge of industrial solvent  
 

 

Table 6. Chemical parameters of water samples from Twin Cities metro area sites with varying 
degrees and types of development (State of Minnesota Storm-Water Advisory Group 1997.) 
 
Component Monitoring Site 

Yates Iverson Sandburg Elm  
Chemical Oxygen 
Demand 

90 38 138 65 Mean 
24-879 1-597 10-850 4.5-157 range 

TSS 133 740 337 10 Mean 
2-758 17-26,610 7-4,388 2-374 range 

Lead 
 

.23 0.02 0.19 0.005 mean 
0.015–1.8 0.008–0.31 0.003–1.5 0.001–0.012 range 

Zinc 0.198 0.235 0.185 0.012 mean 
0.02–2.2 0.028–0.53 0.02–0.81 0.005–0.019 range 

Total Kjeldahl 
Nitrogen 

3.6 1.2 2.5 2.1 mean 
0.6-28.6 1.0–29.2 0.4–16.0 1.2–5.4 range 

Nitrate Nitrogen 0.79 0.07 0.42 0.27 mean 
0.05–4.5 0.05–2.45 0.05–2.4 0.05–1.35 range 

Total Phosphorus 0.63 0.62 0.63 0.35 mean 
0.10–3.85 0.2–13.2 0.07–4.3 0.11–2.232 range 

Major land use Medium to 
high density 
(urban) 

Residential 
construction area 
(urban) 

Light industrial 
(urban) 

Open, less than 25% 
farmed (undisturbed) 

Drainage area (mi2) 0.35 0.15 0.12 14.3 

Drainage Curb and 
gutter 

Curb and gutter, 
some instream 
wetlands 

Curb and gutter Low-gradient stream 

Typical soils Flat, sandy Gently sloping, 
loamy 

Moderately 
loamy 

Loamy, well-drained 
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effluents. Petroleum hydrocarbons are delivered largely as a result of automobile and truck 
emissions that accumulate on and then run off from impervious surfaces (Echols et al. 2009). 

 
Pharmaceuticals and compounds derived from personal care products (PPCPs), such as 
antibiotics, caffeine, contraceptive drugs, chemotherapeutic drugs, narcotics and painkillers, are 
also commonly present in urban streams (Meyer 2009).  
 

Biological Changes. Microbial Contamination. Concentrations of viruses and bacteria, including 
fecal bacteria, can be elevated in urban waters, especially where stormwater and sanitary sewers 
are combined. Fecal coliform counts exceed water quality standards at many sites following 
precipitation, commonly resulting in beach closings (U.S. EPA 2003, U.S. EPA 1983). 
Antibiotic-resistant bacteria have also been observed. Pathogen sources include leaky sewers, 
pets, vermin, and discarded infected material. 
  
Changes to Species Composition. Removal of natural vegetation affects habitat suitability and 
availability. Important biological effects related to urbanization include declines in invertebrate 
and fish IBIs when impervious cover exceeds 5%–10% of a watershed (Meyer 2009); loss and 
alteration of habitat (e.g., sedimentation, changes to stream channels, decreased shading); and 
presence of nonnative competitors and predators.  

 
Urbanization Example. Urban invertebrate and fish species composition is generally 
characterized by a decrease or absence of sensitive species, increased abundance of tolerant 
species, and decreased species richness. Pollution-tolerant species are generally more abundant 
in urban streams. Figure 19 shows a schematic of ―urban stream syndrome‖, including the 
changes to chemistry, hydrology, and habitat that lead to food web alterations and reductions in 
ecological benefits. 
 

 

 
 
Figure 19. Flow chart depicting urban stream 
syndrome (‗+‘ indicates increase, ‗-‗ indicates 
decrease) (Radomski 2009.) 
 

  

Figure 20. The four zones of lake 
protection. (Radomski 2009.) 
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Shoreland Alteration 

 

Figure 20 illustrates the geographic meaning of the terms shoreline, shoreline buffer, shoreland, 
and watershed. Shoreline areas, which may be on land or in shallow water, provide needed 
habitat for fish and wildlife (Minnesota Department of Natural Resources, Waters Division 
2009a).  

 
Minnesota‘s shoreland development pressure in increasing, as evidenced by annual increases in 
the number of shoreland dwellings statewide. In 2004 it was estimated that there were 181,000 
homes on fishing lakes, and 225,000 homes on all lakes in the state (Radomski 2009). Population 
growth in ―lake-rich‖ counties of Minnesota is projected to exceed 35 percent in the next 25 
years (Radomski 2009).  
 
Shoreland development affects fish and wildlife habitat, water quality, and the biota. Changes to 
local hydrology; increased chemical and nutrient inputs; and habitat and species alterations are 
all common characteristics of shoreland development. Human activity in shoreline areas often 
results in removal or disturbance of aquatic and riparian vegetation and changes to physical 
characteristics through alteration, input, or removal of bottom and shoreline sediments; removal 
of woody debris; and installation of walls, riprap, docks, and landings. Natural vegetation 
provides habitat for shoreline dwellers and improves aesthetics. When it is removed, species of 
special concern such as warblers, loons, vireos, and green frogs that rely on native vegetation are 
replaced by common species such as blue jays, chickadees, cowbirds, and grackles (Radomski 
2009).  
 
Physical Changes. Hydrology. Shoreland development exerts two primary, interconnected 
pressures on local hydrology: installation of impervious surfaces and removal of natural 
shoreline vegetation. 

 
While shoreland development may not result in the same extent of imperviousness as found in 
urban areas, the proximity of shoreland areas to surface waters can result in increased local 
runoff and contaminant transport to adjacent surface waters. Additionally, removal of vegetation 
in shoreline buffer zones can have deleterious effects on hydrologic and habitat characteristics, 
with impacts spanning shoreland, near-shore, off-shore, and downstream areas. The extent of 
intact native vegetation along a shoreline can have a strong influence on the amount of runoff 
and contaminants that reach the water. If present, native buffer zones may also ameliorate some 
of the negative impacts of increased imperviousness on aquatic and shoreline habitat (Radomski 
2009). 
 
Sediments. Soil disturbance during construction can increase sediment transport off the 
landscape. Once construction is complete, total sediment loading can decrease. However, 
increased imperviousness and a reduction of buffering vegetation on the landscape will result in 
sediment loading that is still above that of naturally vegetated landscapes. 

 

Chemical Changes. Nutrients. Many shoreland developments rely on subsurface sewage 
treatment systems (SSTSs). Effluent from even properly functioning systems can pollute 
groundwater and lakes with nitrate and other chemicals (Howarth 2009). The increased 
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proximity of SSTSs to lakes and rivers (and often, the water table) in shoreland areas increases 
the risk of contaminant transport to surface waters.  
 
Replacement of native vegetation with lawns and gardens is often paired with increased fertilizer 
use. About 25 percent of Minnesota‘s shoreland residences have lawn all the way to the water. 
Such shorelines can allow seven to nine times more phosphorus to reach the water via runoff 
than a shoreline with native vegetation; this phosphorus delivery may exceed inputs from all 
other sources (Radomski 2009). 

 

Other Chemicals. Runoff from shoreland developments can contain pollutants picked up from 
the land surface. The presence of pesticides, fertilizers, and automotive byproducts often 
increases following development in these sensitive areas. SSTS effluent may also contain metals, 
CECs, chloride, and other contaminants. 

 
Biological Changes. Changes to Species and Habitat. Shoreline development often corresponds 
with a reduction in trees, shrubs, understory, and other near-shore vegetation that birds and 
amphibians rely upon for habitat. Installation of sand beaches can impact walleye spawning 
areas. Shoreline development has been estimated to have reduced near-shore emergent and 
floating aquatic plant abundance by 20% to 28% in north-central bass and walleye lakes 
(Radomski 2009). Overall, aquatic vegetation is reduced by an average of 66% in developed 
lakes (Swackhamer et al. 2007).  
 
Removal of shoreline trees and downed trees often reduces habitat for fish, frogs, turtles, birds, 
invertebrates, and mammals. Near-shore downed trees also buffer wave and ice action that can 
scour the bed. A 1996 study showed that developed shorelines had 15% of the woody habitat of 
forested shoreline (Radomski 2009). Lake fish communities adjacent to human development 
have been found to have fewer species, lower abundance, and more disturbance-tolerant species 
than undeveloped sites (Likens 2009). 
 

Other Biological Changes. SSTS effluent and runoff containing pet wastes may contain 
microbial pathogens. Unimpeded and unfiltered runoff may contain higher concentrations of 
oxygen-demanding substances such as nutrients, chemicals, and organic material than runoff 
from naturally vegetated shorelines. 

 
Subsurface Sewage Treatment Systems  

 
SSTSs are common in rural and shoreland areas, as well as in some urban areas of Minnesota. 
Septic tank effluent contains pathogens, pollutants, and nutrients such as nitrogen and 
phosphorus. Drainfields are designed to remove or reduce many of these components to a safe 
level. Approximately 530,000 SSTSs serve residences and other buildings in Minnesota (MPCA 
2008b). In the 1980s, an estimated 344,000 (approximately 70%) of these SSTSs failed to 
adequately treat wastewater. In 2004, an estimated 208,000 (39%) were failing or illegal (MPCA 
2004). In the Minnesota River basin, an estimated 80% of systems do not conform to state or 
local laws, with 45% discharging untreated septic tank effluent directly to drain tile, ditches, or 
the land surface (MPCA 2008b). Figure 21 shows regional estimates of compliance with SSTS 
performance and design requirements for Minnesota in 2009. Figure 22 shows statewide 
estimates of SSTS compliance from 2005 to 2009.  
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Nitrogen is not effectively removed by even well-functioning conventional SSTSs. MPCA found 
that groundwater near SSTSs contained higher concentrations of nitrates than groundwater near 
undeveloped areas. Additionally, coliform bacteria were frequently detected, and elevated 
phosphorus was also noted to be a water quality concern (MPCA 2000b). Phosphorus can be 
removed by SSTSs, but soil conditions, proximity to lakes, and finite sorption capacities of soils 
can result in elevated concentrations of phosphorus in groundwater or nearby surface waters 
(Caraco 2009).  
 
Figure 21. Estimated SSTS compliance by region in Minnesota, 2009.   IPTH means ―imminent 
public health threat‖ (West 2010). 

 
 
Figure 22. Number of SSTSs statewide that were reported, and the portion of which were 
reported as failing of being a public health threat (PHT), 2005–2009 (West 2010). 
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Invasive Species 

 

Invasive species are nonnative species established beyond their natural range that cause or may 
cause harmful economic, human health, natural resource, or environmental effects (Invasive 
Species Program 2010; Likens 2009).  
 
Human globalization has accelerated the rate of introduction of nonnative species. Increased 
shipping activity along with the connection and regulation of river networks has augmented the 
transport of aquatic organisms throughout the world. Canals have created new connectivity 
between previously isolated aquatic communities. 
 
Introductions can be intentional (e.g., transport of species for fish stocking, aquaculture, or the 
aquarium trade) or unintentional (e.g., transport of species in ship ballast, on ship hulls, on 
trailers, on recreational equipment, and through bait releases). Although ships are now required 
to exchange ballast water in the open ocean before discharge into the Great Lakes, ballast water 
continues to be a pathway of invasive species introduction into the Duluth harbor and other ports 
on Lake Superior. In 2005, more ballast water was discharged to Minnesota harbors that to any 
other Great Lakes port (Minnesota Invasive Species Advisory Council 2009). Trailered 
watercraft and other recreational equipment are high-risk pathways for introduction of invasive 
species. Waders and hip boots may spread aquatic snails and Eurasian watermilfoil from infested 
waters to other waters. Natural waterways can also be pathways for invasive species. 
 

Minnesota‘s surface waters and their associated biological communities are threatened or harmed 
by numerous invasive species (Minnesota Invasive Species Advisory Council 2009). The highest 
priority invading species are: hydrilla, northern snakehead, bighead carp, silver carp, grass carp, 
and viral hemorrhagic septicemia (VHS). There are 16 established aquatic invasive species of 
serious concern in Minnesota (see Table 7). Curly-leaf pondweed has invaded more than 700 
lakes; Eurasian watermilfoil has invaded more than 190 water bodies, with more than 1,900 
having high potential for invasion. 

 
Invasive species can affect ecology and water quality through food web interactions and 
modifications, as well as through hybridization with closely related native species. Although 
these types of interactions occur among native species, the impacts of invasive species are often 
profound due to introduction of novel functions in the receiving ecosystem or due to an invasive 
being better able than native species to exploit resources.  

Table 7. Established ―severe threat‖ aquatic invasive species. (Swackhamer et al. 2007) 
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In some cases an invasive species may consume a large portion of energy in an ecosystem but 
not itself be the subject of significant predation. This is referred to as a ―trophic dead end.‖ New 

Zealand mudsnails have exhibited this trait in Wyoming, where they were found to consume 
75% of photosynthetic production through grazing, while not themselves being significantly 
consumed by fish (Keller and Lodge 2009). 
  
Invasive species can affect competition and predation. For example, invasive floating plants such 
as the water hyacinth and water lettuce can establish thick mats of vegetation on the water 
surface and thus inhibit light availability for native submerged plants. Nonnative species can also 
transport pathogens and parasites that harm native species. Control measures for invasive species 
can have negative effects on aquatic life, habitat, and fisheries (Invasive Species Program 2010). 
 
The ultimate effects of invasive species can include effects on commercial and recreational 
fishing, aquatic recreation, reduced aesthetics, and other ecological and water quality changes 
such as reduced nutrient cycling, habitat loss, and changes to water clarity.  
 
For instance, the sea lamprey contributed to declines of lake trout throughout the Great Lakes; it 
is through expensive management and rehabilitation practices that lake trout have been able to 
start recovering (Swackhamer et al. 2007). Zebra mussels threaten native mussels in the St. Croix 
and Mississippi Rivers, and have restricted water flows to industrial water intakes. Annual cost 
estimates associated with cleaning and lost production related to zebra mussels in the Great 
Lakes exceed $200 million (Invasive Species Program 2010). 
 

Energy Production 

 
Thermoelectric cooling accounts for more than half of Minnesota‘s water withdrawals.  Much of 
this water is returned to streams, albeit at a higher temperature due to its use as a coolant.  Given 
the large magnitude of return flows, this water can actually heat streams. Construction of 
thermoelectric facilities may also cause direct changes to aquatic habitat (Carney et al. 2008).  
As previously mentioned, increased instream temperatures result in decreased dissolved oxygen 
and can also affect temperature sensitive-species. 

 
Coal-fired power plants are the largest U.S. source of mercury; they also emit sulfur dioxide 
(U.S. EPA 2010f). Both chemicals are input to waterways through atmospheric deposition. 
Metals such as arsenic and lead may be transported in runoff of precipitation that falls on coal 
stored at power plants. Water quality concerns have been raised over ethanol production; 
however, no relevant literature regarding effects in Minnesota was found when gathering sources 
for this paper. 

 

Boating and Commercial Shipping 

 

While total recreational boating activity has remained relatively constant over the past 25 years 
in Minnesota, the pattern of activity has shifted toward more weekend and holiday use, larger 
boats, and larger engines. In northern Minnesota lakes other than Lake Mille Lacs, the average 
boat in 1985 was 15.9 feet with a 45 horsepower (hp) engine. In 2008 the average boat was 18.6 
feet with a 114 hp engine, amounting to an increase of 2.7 feet (17%) and 69 hp (153%) over 23 
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years (Minnesota DNR 2009a). Similarly, in west-central Minnesota, the average boat went from 
15.3 feet and 35.4 hp in 1986 to 17.8 feet and 99.9 hp in 2005, an increase of 2.5 feet (16%) and 
64.5 hp (182%) (Minnesota DNR 2006). The percentage of Minnesota lakes with public access 
has also been increasing.  

 
Recreational boating and sailing affect aquatic vegetation and stream-bank and shoreline erosion 
by churning up settled solids and generating wave action (Vermaat 2009). A study of Pool 4 of 
the Upper Mississippi River found that recreational boating was the principle cause of the high 
shoreline erosion occurring there (Johnson 1994). Wave heights generated during normal boating 
activity in the study area were comparable to those generated by 58 mph winds. Studies of 
different sections of the St. Croix River shoreline found that sites with boat waves and/or foot 
traffic experienced net erosion of shoreline, while those with no boat waves or foot traffic 
experienced net deposition of material (Interagency Shoreline Studies Team 2001). 
 
Commercial shipping and associated streambank modifications, dredging, and lock and dam 
installation and maintenance are expected to be associated with water quality issues such as input 
of oil and fuel combustion byproducts, sediment perturbation, hydrologic changes, and 
disturbance to submerged vegetation and shoreline habitat.  However, there are no state or 
regional studies specific to Minnesota to present regarding any of these expected effects. 

 

Industrial Discharge  

 
Factories are often major sources of air emissions that lead to atmospheric deposition of 
chemicals currently (e.g., mercury) or formerly (e.g., PCBs) in use; deposition can occur directly 
to surface waters, or be carried in runoff from the landscape (U.S. EPA 2010g). Industrial 
wastewater discharges and underground storage tanks are other sources of chemical inputs to 
surface or groundwater. 

 

Atmospheric Deposition. Atmospheric deposition is the primary source of mercury in 
Minnesota‘s waters. As previously mentioned, human activity is largely responsible for 
atmospheric mercury. Atmospheric deposition of contaminants can be especially important in 
surface waters that have a small ratio of watershed area to lake surface area. For example, a study 
of Lake Mille Lacs, which has a small watershed to lake surface area ratio, found that 
approximately 48% of phosphorus loading to the lake was the result of precipitation. Similarly, 
airborne dust is thought to deliver the majority of phosphorus to Lake Superior, which also has a 
small watershed to lake surface area ratio (MPCA 2008a). Atmospheric deposition is the 
dominant source of persistent, bioaccumulative, and toxic substances (PBTs) to Lake Superior.  
 

Underground Storage Tanks. Underground storage tanks can leak petroleum or hazardous 
substances into water. EPA reports that Minnesota has had 10,416 confirmed releases from 
leaking underground storage tanks discovered since monitoring began in the 1980s; cleanups 
have been completed for 9,684 of these. This leaves a cleanup backlog of 732 releases, for which 
643 have had cleanup action initiated (U.S. EPA 2009e). In 2009, there were 208 confirmed 
releases in Minnesota, and 284 cleanup actions initiated. 
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Natural Resource Extraction 

 

Forestry. Potential impacts of logging include increased instream temperatures, erosion, and 
sedimentation; and input of nutrients, pesticides, petroleum products, and organic matter; and 
altered runoff, streamflow, and aquatic food webs (Johnson 2010; MPCA 2008b). About 15 
million acres of Minnesota land is available for timber management. However, much of this land 
has gentle slopes and stable soils where erosion and sedimentation are not major concerns. 

 
Mining. Taconite mines in Minnesota are typically large, open pit mines. Generally, taconite 
mineral processing is conducted on site, and tailings basins are created for deposition of the non-
iron portion of the ore. About 90% of the water used in processing is reused in subsequent 
processing. Mining regulation in Minnesota has rendered this process relatively benign in terms 
of water quality issues; thus, issues resulting from  mineral processing are not considered a 
significant problem by MPCA at this time (Clark 2010). Note, however, that 2% of the total 
mercury deposition in Minnesota has been attributed to Minnesota‘s taconite processing (MPCA 
2005). 
  
 

G. Minnesota Conditions and Trends 

 
This section discusses Minnesota‘s current water quality conditions and impacts resulting from 
the stressors previously discussed.  It is presented in summary form using the results of water 
quality monitoring surveys, nested in the general categories of the regulatory framework. 
 
Waters that fall under the purview of the CWA and/or the SDWA are assessed regarding their 
support of aquatic life, aquatic consumption, aquatic recreation, and/or drinking water usage.  
Aquatic life support refers to whether a water body‘s conditions will support the type of aquatic 
community that would be expected to be present in the absence of disturbance. Aquatic 
consumption refers to the suitability of organisms for human consumption, and is referred to 
herein as ―fish consumption‖.  
 

Drinking Water Use 

 

MDH is responsible for enforcing the SDWA in Minnesota; enforcement includes regulation and 
monitoring of the 7,224 PWS (Public Water Supplies) in the state.  Of these 7,224 PWSs, 965 
are community water supplies (CWS), which provide water to residences, and which serve about 
80.1% of Minnesotans (4.163 million people; see Figure 23 for percentages served by CWSs in 
MN counties). Of these 965 CWSs, 726 are municipal systems, which serve cities or towns 
(MDH 2010d). Most of the PWSs rely solely on groundwater; 23 PWSs, including the 
municipals systems serving Minnesota‘s largest cities, draw from surface water. Thus, while 
only a small fraction of CWSs rely on surface water, they provide this surface water to about 
27% of Minnesotans. Approximately 73% of Minnesotans use groundwater as their primary 
drinking water source (from PWSs and private wells).  
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PWSs are tested routinely for over 100 
pesticides and industrial contaminants.  The frequency of testing for a particular chemical 
depends on the chemical and the PWSs vulnerability to contamination.  PWSs serving over 1000 
people are tested at least once per month for coliform bacteria.  Nitrate testing occurs once per 
year. Additional testing occurs at various frequencies for inorganic contaminants (e.g., metals, 
cyanide, fluoride), radioactive elements, disinfection byproducts, and lead and copper. 
 
SDWA Testing. In 2009, 21,312 tests for pesticides and industrial contaminants were performed 
at PWSs, with no violations of drinking water standards.  13 Minnesota PWSs, including 5 
municipal systems, tested positive for bacterial contamination in 2009; protective procedures 
were followed, and the contamination issues were eliminated.  The arsenic standard was lowered 
from 50 ppb to 10 ppb in 2006.  At that time, about 40 PWSs were in exceedance of the new 
standard; at the end of 2009, 10 PWSs (including 6 municipal systems) were still in exceedance.  
Ten PWSs (8 municipal systems) were in exceedance of the radium standard at the end of 2009. 
One PWS exceeded the cyanide standard in 2009.  Three PWSs exceeded a disinfection 
byproduct standard in 2009 (MDH 2010e).   
 
Nitrate in drinking water is primarily but not exclusively a rural issue (MPCA 2007). Public 
water supplies (PWSs), including those of Mankato, St. Peter, Perham, Cottage Grove, Hastings, 
and the Lincoln-Pipestone Rural Water System, have had wells contaminated by nitrate.  
 
Annually since 2000, less than 0.1% of people served by CWSs have received water in 
exceedance of the 10mg/L nitrate MCL (MDH 2009).  However, many more people are exposed 
to nitrate concentrations that are lower than the MCL but which may still be of concern regarding 
certain health conditions and as an indicator of the potential for source water contamination.  For 

Figure 24. Vulnerable aquifer systems in 
Minnesota (MPCA 2007.) 

Figure 23. Percent of counties‘ populations 
served by a CWS, 2008 (MDH 2009). 
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example, 378,249 people (9% of Minnesotans who are served by a CWS) were exposed to mean 
nitrate concentrations between 1 and 10 mg/L throughout 2007 (MDH 2009). 
 
Nitrate Considerations. The primary source of groundwater contamination is nitrate (MPCA 
2008b). In Minnesota, drinking water supplies that rely on unconfined sand and gravel aquifers 
or unconfined fractured bedrock aquifers near irrigated land are often contaminated with nitrate. 
These are generally aquifers that are shallow or that ―communicate‖ easily with the land surface; 
these characteristics make them vulnerable to contamination. Specifically, the shallow Central 
Sands aquifers, the glacial outwash aquifers in the southwest, and the fractured bedrock aquifers 
in the southeast are highly susceptible to nitrate contamination (see Figure 24). The Central 
Sands area also corresponds to a region where the majority of the populace receives their water 
from private wells (that may not be routinely tested, and which are often shallower and without 
the treatment mechanisms in place at PWSs) (see Figure 23). Nitrate drinking water criteria were 
exceeded in 38 of 41 (93%) groundwater samples taken from beneath irrigated agricultural land 
near St. Cloud (MPCA 2007); note that these samples were taken from monitoring wells, not 
drinking water wells. 
 
Of private well water samples tested by MPCA and MDA in their joint groundwater monitoring 
program (approximately 9,700 samples tested from 1995–1998), 16% of sand point wells, 40% 
of dug wells, and 9% of drilled wells 
exceeded the nitrate MCL (MPCA 
2008b). Due to self-selection 
considerations (e.g., people who are 
concerned about contamination are 
more likely to have their well tested), 
this sampling is not necessarily 
representative of all of Minnesota, but 
it does provide useful data. In total, 
about 10% of well samples exceeded 
the nitrate MCL (see Figure 25 for 
1993-2005 sampling results by 
county). Well age was positively 
correlated with likelihood of nitrate 
contamination.   
 
Beginning in 2010, MPCA is 
assessing surface waters classified for 
drinking water use for potential nitrate 
impairments; there are presently 15 
surface water impairments for nitrate 
listed on the 2010 draft TMDL list.  
 
Other Contaminant Considerations. 
Surface waters are considered highly 
susceptible to contamination because 
there is no practical means of 
preventing all potential contaminant 

Figure 25. Results from MDA‘s water testing for 
nitrate, 1993–2005, as expressed by the percent of wells 
exceeding the 10 mg/L MCL. Numeric values within 
each county represent the total number of samples 
analyzed (MPCA 2008b.) 
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inputs (MPCA 2008b). In Minnesota, 23 PWSs and approximately 64 transient non-community 
water supply systems use surface water. Generally, PWSs are more concerned with pathogens 
than nitrate (MPCA 2008b).  
 
In Minnesota, specific locales have issues with natural geologic inputs of toxins such as arsenic 
or beryllium. Also, pesticide concentrations are an issue in groundwater in some areas. Although 
concentrations generally do not exceed drinking water standards, the relationships among 
multiple pesticides and their degradates, along with the potential for endocrine disruption or 
other subtle effects at low concentrations, can generate concern even when a specific 
compound‘s MCL or HRL is not exceeded. 
 
Trace levels of PFCs (below HRLs) are present in some shallow groundwater statewide. PFCs 
have been detected in effluent from WWTPs, at permitted landfills, and in groundwater up and 
down gradient from some WWTPs. Generally, concentrations are not of present concern for 
drinking water, and the few places where there is concern have implemented corrective actions. 
Long-term monitoring will continue in these areas. 
 
Support of Designated Uses under the CWA 

 
The CWA requires the States to assess whether their waters support specific designated uses 
(fish consumption, recreation, aquatic life), via comparison with criteria designed to protect 
those uses.  EPA regulations require waters that do not support one or more of their designated 
uses to be listed on what is commonly called the 303(d) list.  MPCA compiles and reports this 
list as part of the 305(b) narrative report on the condition of Minnesota‘s waters.  Minnesota has 
approximately 12,200 lakes and 15,000 miles of rivers and streams, only a small portion of 
which have been assessed—28% of lakes over 10 acres and 17% of river and stream miles, as of 
2009 (MPCA 2010e). Approximately 40% of water bodies that have been assessed have been 
listed as impaired.  An impaired water body is defined in Minnesota Rules (7050.0150) as: 
 
… a water body that does not meet applicable water quality standards or fully support 

applicable beneficial uses, due in whole or in part to water pollution from point or nonpoint 

sources, or any combination thereof. 
 
When a water body is placed on the 303(d) list, EPA rules require that a total maximum daily 
load (TMDL) study be conducted.  TMDL studies endeavor to determine the cause of 
impairment and to chart a route to remediation through processes such as setting goals for 
cumulative contaminant inputs from point and non-point sources that will result in support of 
designated uses and by engaging stakeholders in order to achieve those goals. Waters can be 
removed from the 303(d) list for any of three reasons: (1) if, during the course of the TMDL 
study, the water is found to be meeting the standards for which it had been listed; (2) if it is 
determined that natural factors are the cause of violation of the standard; or (3) if an EPA-
approved TMDL study has been implemented (Anderson et al. 2010). 
 
Although EPA allows removal of impaired waters from the 303(d) list once a TMDL study has 
been approved (even if the water body is still impaired), MPCA maintains a separate Inventory 
of Impaired Waters; waters remain on this list until they meet the criteria for designated uses, 
regardless of whether a TMDL has been completed or not (Anderson et al. 2010).  Thus, the 
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TMDL Inventory of Impaired Waters contains all identified, existing impairments (the 2010 list 
contains 3,048), including natural impairments and those impaired waters that have had a TMDL 
study completed but are not yet attaining their designated uses. MPCA expects more than 10,000 
total impairments statewide once all waters in the state have been assessed (MPCA 2008a) 
 
The number of impairments that have been identified in Minnesota has been increasing over the 
last decade.  This is not akin to saying that Minnesota‘s water quality has decreased during the 
same time period.  In fact, increased monitoring has simply identified a larger proportion of 
existing impairments, many 
of which have likely existed 
for some time.  Once all of 
Minnesota‘s water bodies 
have been assessed, it is 
expected that about 40% 
will be identified as 
impaired, as predicted by 
the proportion of 
impairments among the 
subset of waters that have 
already been assessed.  As 
we will see, some data are 
showing signs of water 
quality improvement, some 
are relatively constant, and 
some are declining. 
 
Although changes in TMDL numbers are not necessarily reliable indicators of water quality 
trends, an examination of assessment data can illustrate some state and regional themes regarding 
how water quality has been affected relative to different designated uses and different causes of 
degradation.  
 
Figure 26 shows the numbers of impairments attributed to each of six causal categories in the 
2010 draft TMDL List; this list contains all the impairments that have not yet had a TMDL study 
completed and approved (MPCA 2010d).  Note that toxins (mostly mercury) account for the 
highest percentage of impairments on this list, followed by eutrophication, turbidity (sediment), 

Figure 26. Sources of impairment in Minnesota's draft 2010 303(d) 
list of waters requiring a TMDL. (MPCA 2010d.) 
 

 

Table 8. Percentages of river miles and lake acres that fully supported, did not support, or did 
not have sufficient information to assess support of aquatic life, fish consumption, and aquatic 
recreation uses in Minnesota in cumulative assessments through 2009 (data: MPCA 2010e.) 

Use Streams Lakes 
 # miles 

assessed 
Full 
Support  

Insuff. 
Info. 

Not Fully 
Supporting 

# acres 
assessed 

Full 
Support 

Insuff. 
Info. 

Not Fully 
Supporting 

Aquatic Life 15856 23.9% 14.6% 49.3% 497 0% 0% 100% 
Fish 
Consumption 

5528 0% 11.2% 88.8% 3465158 0% 0.3% 99.7% 

Aquatic 
Recreation 

6218 21.0% 15.2 % 63.8% 2297145 31.9% 44.6% 23.5% 
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bacteria, biology, and ―other‖.  Table 8 shows the percentages of streams and lakes assessed 
through 2009 that support different uses. 
 

 

Fish Consumption. Statewide ―safe eating 
guidelines‖ exist for many types of commercial 
and caught fish, including fish caught in 
Minnesota; these advisories are issued by MDH 
and take the form of recommended dietary 
intakes of different types of fish for different 
subsets of the population (e.g., children and 
women who are or may become pregnant; men 
and women who are not planning on becoming 
pregnant).  Additional site-specific guidelines 
exist for certain lakes and rivers where 
contaminant levels require dietary restrictions that 
are more specific or restrictive than the statewide 
guidelines. Table 9 lists the number of fish 
consumption impairments by cause as contained 
in the 2010 Inventory of Impaired Waters. 
 

Mercury. The primary chemical of concern in fish 
from Minnesota lakes is mercury, and most fish consumption impairments are due to mercury 
(see Table 9).  Mercury in large enough doses can cause damage to the central nervous system.  
Twenty-one states including Minnesota have issued statewide fish consumption advisories 
regarding the risk of mercury in fish; these risks are increased for young children and women 
who are or may become pregnant. (U.S. EPA 2010c). Mercury‘s main input to aquatic systems is 
through atmospheric deposition from out-of-state sources, and thus mercury contamination 
covers very broad geographic areas (Minnesota Department of Health 2010b). MPCA reported 
that mercury concentrations in fish dropped about 10% from 1990 to 2000 in 184 lakes for which 
there were at least two years of data to compare (MPCA 2005). Minnesota has an approved 
TMDL for mercury covering 1096 impairments; while it is acknowledged that mercury 
concentrations are largely dependent upon out of state sources, this TMDL is an important step 
towards encouraging mercury reductions in Minnesota and other areas. 
 

PCBs. PCBs have been banned since 1976, but they are long-lasting in the environment, and 
bioaccumulate in fish. They have been linked with developmental disorders in infants whose 
mothers were exposed to PBCs prior to or during pregnancy; cause abnormalities in human 
blood, liver and immune functions; and are known animal and suspected human carcinogens  
 (Minnesota Department of Health 2010d).  Minnesota issued 83 fish consumption advisories for 
PCBs in 1999, and issued a statewide fish consumption advisory for PCBs in 2004 (U.S. EPA 
1999; U.S. EPA 2010h).  In Minnesota, PCBs are of concern primarily in Lake Superior and 
major rivers such as the Mississippi River; PCB levels in Minnesota are slowly decreasing 
(Minnesota Department of Health 2010b). 
 

 PFCs. PFCs have been linked to cancer and developmental abnormalities in laboratory animals.  
PFOS is the PFC that tends to bioaccumulate to levels of concern in fish (MDH 2010a). Fish 

Table 9. Causes of Fish Consumption 
listings on the 2010 Inventory of Impaired 
Waters (MPCA 2010d.) 
Chemical # of impairments 

Arsenic 7 

DDT 5 
Dieldrin 5 
Dioxin 3 
Merc. In Water 
Column 

44 

Merc. In Fish Tissue 1486 

PCB in Fish Tissue 9 
PFOS in Fish Tissue 23 

Toxaphene 3 

Total 1617 
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consumption advisories that are stricter than the statewide safe-eating guidelines exist due to 
PFCs in parts of the Mississippi River and in several Twin Cities metro area and Duluth-area 
lakes near former PFC waste sites (Minnesota Department of Health 2010a). Detections of 
concern in rural lakes are infrequent – a recent screening that included 55 lakes from outside of 
the Twin Cities metro area found PFC levels of concern in only one non-Twin Cities lake 
(Minnesota Department of Health 2010c). MPCA‘s focus is now on PFCs in the ambient 
environment and their use at firefighting training sites.  
 

Aquatic Recreation. Cultural eutrophication affects and impairs aquatic recreation in many 
Minnesota lakes. Fecal coliform contamination also results in many impairments and temporary 
beach closings.  
 
Aquatic recreation use is categorized as: 
 
 fully supporting - algal and transparency 

characteristics support swimming 
throughout summer  

 partially supporting - algal and 
transparency characteristics may limit 
swimming for a significant portion of 
summer 

 nonsupporting - algal and transparency 
characteristics limit swimming for most of 
summer. 

 
In 2005, 63% of assessed lakes fully 
supported aquatic recreation, 8% partially 
supported, and 29% did not support (MPCA 
2008b). Regionally, over 80% of NLF lakes 

fully or partially supported aquatic recreation, but over 50% of NCHF, WCBP, and NGP lakes 
did not support. Causes of the 735 aquatic recreation impairments listed in the 2010 Inventory of 
Impaired Waters are: 440 impairments for nutrients/eutrophication bioindicators, 226 fecal 
coliform impairments, and 69 E. coli impairments. Figures 27 and 28 show the aquatic recreation 
status of streams and lakes throughout the state that had been assessed as of 2006. Table 10 
displays results of a 1997–2006 trophic status assessment of Minnesota lakes. Trophic status is 
related to clarity and algal growth, and thus parallels can be drawn between trophic status and 
support of recreational use. 

Figure 27. Minnesota 2006 stream assessment 
for aquatic recreation support (MPCA 2008a.) 

 

Table 10. Trophic status of Minnesota‘s lakes, 
excluding Lake Superior, sampled from 1997 
to 2006. (MPCA 2008.) 
 Lakes Lake Acres 
Total In State 12,167 2,863,356 
Total Assessed 2343 2,153,779 

Oligotrophic 13.7% 8.0% 
Mesotrophic 34.9% 36.4% 
Eutrophic 37.2% 49.5% 

Hypereutrophic 14.3% 6.2% 
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Surface waters in urban and agricultural 
areas commonly exceed fecal coliform 
standards. Fecal coliform standards for 
recreational use were exceeded in 8 of 13 
(62%) urban stream samples collected in 
Minnesota during 1997 (Talmage et al. 
1999). The recreational use standard was 
exceeded in 40% of Minnesota River 
samples in 1992 (Payne 1994) and 25% of 
Mississippi River samples in 1992 near the 
Twin Cities metro area (Metropolitan 
Waste Control Commission 1994). 
 
Aquatic Life. Typical stressors on aquatic 
life in Minnesota include runoff and inputs 
from urban, agricultural, and industrial 
sources; invasive species; and massive land 
and shoreline development. Nutrient, 
sediment, and contaminant loading; 
reduced dissolved oxygen; increased 
temperatures; hydrologic modification; and 
habitat degradation and loss are some of the 
issues that impact fish and other aquatic life 
in Minnesota as a result of these stressors 
(Swackhamer et al. 2007). Outcomes 
include reduced reproduction and survival, 
and changes to species composition that 
can have cascading effects throughout the 
food web and on water quality. Figure 29 
shows results of aquatic life assessments 
for streams assessed through 2006.  No 
lakes were found to fully support aquatic 
life through 2006.  Table 11 lists the 
number of aquatic life impairments 
attributed to various causes as listed on the 
2010 Inventory of Impaired Waters.  Note 
that major causes of aquatic life 
impairment include conventional 
parameters (turbidity and DO) and 
biological assessments (of fish, 
macroinvertebrates, and plants). 

 
 

Figure 28.  Minnesota aquatic recreation support 
in lakes assessed through 2006 (MPCA 2008.) 

 
Figure 29. Minnesota aquatic life support 
assessment for streams through 2006. Red= Poor; 
Blue= Good (MPCA 2008a.) 
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Trends in Minnesota Water Quality Assessments 

 
Surface water monitoring results, professional reviews, and citizen surveys indicate that water 
quality in Minnesota has been affected by agricultural practices, urbanization, atmospheric 
deposition, and increased shoreland development and recreation. Nutrients, sediment, bacteria, 
and toxics pose the greatest threats by promoting eutrophication, habitat degradation, 
bioaccumulation of toxics, and reduced recreational opportunities (MPCA 2008b). In 2008, the 
first surface water impairment for a corn herbicide was identified (acetochlor) (VanRyswyk and 
Tollefson 2008). 
 
The draft 2010 Inventory of Impaired Waters lists 3,049 total impairments affecting 436 rivers 
and 1205 lakes. This inventory contains all waters that have been identified as impaired.  The 
MPCA‘s draft 2010 TMDL list, which specifies waters for which TMDL studies are needed, 
specifies 1,774 impairments, including 378 new listings. In 2008, 1,475 TMDLs were needed. 
Again, this increase in needed TMDL studies is a function of increased monitoring, and should 
not be taken as indicative of recent water quality degradation.  
 
Table 12 shows the numbers of TMDL plans needed in lakes and streams of Minnesota‘s basins. 
Note that the total number of TMDL plans needed may exceed the total number of impaired 
lakes and rivers due to the fact that a single water body (lake or river) may have multiple 
impairments that each require a TMDL (i.e., may be impaired for more than one use or by more 
than one cause), and that a river or stream may have multiple impaired reaches that each require 
a TMDL.  A TMDL plan may address multiple impairments, but the inventory tracks the 
impairments individually.  Again, the absolute numbers in table 9 are not necessarily reflective 
of regional differences in water quality, because these basins vary in size, and impairments are  
more likely to be found in areas where monitoring has been more intensive.  Table 12 does show 
areas where impairments have been identified, and provides some information regarding the 
backlog of needed TMDL studies across the state. 

Table 11. Causes of aquatic life listings on the 2010 
Inventory of Impaired Waters (MPCA 2010d.) 

 
Cause of impairment 

# of 

impairments 

 
acetochlor 2 

 
ammonia 7 

 

aquatic macroinvertebrate 
bioassessments 55 

 
aquatic plant bioassessments 12 

 
Chloride 16 

 
fish bioassessments 105 

 

lack of a coldwater 
assemblage 4 

 
DO 114 

 
pH 10 

 
water temp 1 

 
turbidity 349 

 
Total 675 
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Table 13 shows trends since the 1950s in pollutants at 80 stream sites in Minnesota. Note that a 
majority of sites have shown a decline in BOD, TP, ammonia, and fecal coliform bacteria. TSS 
has been stable (54%) or declining (41%) at a majority of sites. An upward trend has been 
observed in nitrate/nitrite (75% of sites), which, according to MPCA, reflects continuing 
nonpoint-source problems (MPCA 2008a). Engstrom et al. (2007) found that mercury levels in 
urban and northeastern Minnesota lakes have been declining since peaking in the 1970s, while 
southwestern Minnesota lakes are still experiencing increased mercury concentrations; the 
authors posit that regional reductions in emissions are responsible for the decreases, while land 
use and associated sedimentation patterns may be responsible for the continued rise in 
agricultural areas.  
 
Water clarity trends in 1201 lakes with eight years or more of monitoring data have shown that 
455 lakes (37.9%) have had had increasing transparency, 231 lakes (19.2%) have had decreasing 
transparency, and 515 lakes (42.9%) have shown no transparency trend over time (MPCA 
2010e). 

Table 12. Number of impairments identified and TMDLs needed in Minnesota‘s basins 
(MPCA 2010d.) 
 

Basin TMDL plans needed Impaired Lakes  Impaired Rivers  
Total New Total New 

Lake Superior 132 40 6 18 3 

Upper Mississippi River 468 263 70 69 40 

Minnesota River 420 101 48 120 47 

St. Croix River 157 48 8 32 23 

Lower Miss. River 178 37 17 69 43 

Cedar River 26 3 0 12 1 

Des Moines River 21 13 6 5 1 

Red River of the North 220 20 8 48 36 

Rainy River 133 117 5 6 4 

Missouri River 19 5 2 9 10 

 

Table 13. Monitoring trends at 80 sites in Minnesota (data: MPCA 2010e) 
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H. Closing 

 
Water quality degradation is a prominent issue in our state. This paper has characterized the 
overarching drivers, major stressors, and resultant issues that have affected water quality in 
Minnesota, and given a broad-scale picture of how changes to chemical, physical, and biological 
components have led to present water quality conditions in Minnesota‘s rivers, lakes, and 
groundwater.  Many areas of Minnesota have been relatively undisturbed in this regard (with the 
exception of the atmospheric deposition of mercury and other chemicals), and have 
correspondingly high degrees of attainment of designated beneficial uses.  Other areas have had 
significant development of the land and water for human use, and show measurable effects on 
water quality that are associated with the particular land uses and human activities that are in 
place.  

 
These changes can affect the quality and safety of drinking water; the presence of toxins in fish 
that humans consume; the quality of recreational waters; the support of healthy aquatic 
communities; and the provisioning of many other ecological benefits, from flood control to 
spiritual fulfillment.  

 
―… Minnesota must take on the challenge to restore highly altered landscapes to regain natural 

functions and biotic communities and thus sustain quality of life” (Leuthe et al. 2010) 
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